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Abstract 
In the road transportation industry development is moving towards more advanced 
technology and the use of automation in the driving environment is increasing. Re-
garding the safety risks associated with an unconsidered use of a high degree of auto-
mation, it is expensive to develop automatic systems dealing with complex situations. 
As there is still much improvement to do in this area, this thesis aims to contribute to 
developing safe autonomic systems to assist truck drivers. 

The aim of the study was twofold, namely 1) to use Cognitive Work Analysis to iden-
tify opportunities for enhancing human-heavy vehicle system performance and 2) to 
contribute to improving the possibilities for identifying opportunities for enhancing 
system performance through the development of a method of prioritizing Activities 
using a Contextual Activity Template.  

To identify the opportunities for improvement, the first two phases of a Cognitive 
Work Analysis (CWA) – Work Domain Analysis (WDA) and Control Task Analysis 
(ConTA), were conducted. 

To complete the WDA, five hours of interviews were conducted with a senior tech-
nical adviser from Scania CV AB as well as a two hour interview with an experienced 
commercial driver. Additionally, an observation study was conducted during which 
three video cameras were used to capture sixteen hours of footage (per camera) from 
35 hours (2500kms) of observation (one driver/day over a four day period). During 
the observation study, drivers were asked to talk out loud about the information need-
ed, decisions made and to provide some rational for their behavior at that time with 
respect to their driving activities. A total of 40 minutes of talk out loud video data was 
collected per driver. Finally, around five hours of follow-up interviews were conduct-
ed during which these drivers reviewed the videos collected during the observation 
study.  

The results from the WDA were presented in an Abstraction Hierarchy. The overall 
functional purpose of the system was defined as Goods Distribution via Road Trans-
portation with the values and priorities being Effectivity and Efficiency, Safety, Com-
fort, Laws/regulations, Reputation, and Organizational Regulations. For the WDA in 
the current thesis, the AH was completed for the first three values listed above. In 
total the AH included 343 nodes (39 at the Purpose Related Functions level, 77 at the 
Object Related Processes level, and 211 at the Physical Objects level). 

The means by which the physical objects were used in different situations was de-
scribed using a Contractual Activity Template. The object related processes defined in 
the AH were crosschecked with 42 situations identified during the observation study. 
Eight hours of further interviews were conducted with the previously-observed drivers 
to better understand the relationship between the object related processes and the situ-
ations. The object related process-situations matrix was then prioritized according to 
importance and frequency. On the basis of this prioritization, a set of potential im-
provement areas were identified, as for example communication and visibility during 
highway driving.  
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Sammanfattning 
Transportindustrins utveckling går mot mer avancerad teknik och högre automations-
grad i förarmiljön. Det är kostsamt att utveckla automatiska system som klarar att 
hantera komplexa situationer på grund av de säkerhetsrisker som är förknippade med 
ogenomtänkt införande av automation. Eftersom det fortfarande finns mycket förbätt-
ring att göra inom området syftar denna studie till att bidra i utvecklingen av säkra 
autonoma system som stödjer lastbilschauffören. 

Studien hade ett tvåfaldigt syfte, nämligen 1) att använda Cognitive Work Analysis 
för att identifiera möjligheter att förbättra människa-fordonssystemsprestandan för 
tunga lastbilar och 2) att bidra till att förbättra möjligheterna att identifiera möjliga 
systemförbättringar genom utveckling av en metod för prioritering av aktiviteterna i 
en Contextual Activity Template.  

För att identifiera förbättringsmöjligheterna genomfördes de två första faserna av 
Cognitive Work Analysis – Work Domain Analysis (WDA) och Control Task Analy-
sis (ConTA). 

För WDA utfördes fem timmar av intervjuer med en senior technical adviser från 
Scania VC AB och en två timmars intervju med en erfaren kommersiell lastbilschauf-
för. Utöver detta genomfördes en observationsstudie där tre videokameror användes 
för att samla 16 timmars inspelning (per kamera) från 35 timmars (2500 km) observat-
ion (en förare/dag under en fyradagarsperiod). Under observationsstudien berättade 
förarna högt om informationsbehov, beslut som tas och förklarade beteendet under de 
olika köraktiviteterna. Totalt 40 minuter av videodata när förarna berättade högt in-
samlades per förare. Slutligen genomfördes ungefär fem timmar av efterföljande in-
tervjuer där samma förare fick återge körningen utifrån videomaterialet från observat-
ionsstudien. 

Resultatet från WDA presenterades i en abstraktionshierarki. Det övergripande funkt-
ionella syftet med systemet var definierat som godsdistribution via vägtransport med 
värdena och prioriteringarna Effektivitet, Säkerhet, Komfort, Lagar/Regler, Rykte och 
Organisatoriska regler. För WDA:n i detta examensarbete gjordes en AH för de tre 
första värdena nämnda ovan. Totalt bestod AH av 343 noder, (39 på nivån med syftes-
relaterade funktioner, 77 på nivån med objektrelaterade processer och 211 på nivån 
med fysiska objekt). 

I vilka situationer de fysiska objektens funktioner användes beskrevs med en 
Contractual Activity Template (CAT; Naikar et al., 2006). De objektrelaterade pro-
cesser definierade i AH:n undersöktes utifrån 42 situationer identifierade under obser-
vationsstudien. Åtta timmar av vidare intervju genomfördes med förarna från obser-
vationsstudien för att erhålla en bättre förståelse för förhållandet mellan de objektrela-
terade processerna och situationerna. Matrisen med objektrelaterade processer och 
situationer prioriterades sedan enligt betydelse och frekvens. Baserat på prioriteringen 
identifierades ett antal potentiella förbättringsområden, exempelvis kommunikation 
och synlighet under landsvägskörning. 

Sökord 

Cognitive Work Analysis, Work Domain Analysis, Control Task Analysis, Last-
bilsförarmiljö, aktivitetsprioritering



 

  



 

  

Acknowledgements 

I would like to take this opportunity to thank those who have helped me during this 

thesis work. 

First I would like to thank the informants, for your time and for generously sharing 

your knowledge. A special thanks to the Scania Transport Laboratory drivers, for al-

lowing me observing and interviewing them for many hours, as well to the Transport 

Planner for organizing and making the observation trip possible. 

I would like to thank the Ergonomics Team at Cab Development at Scania for our 

time together and the inspiration you have given me. A special thanks to Dr. Stas 

Krupenia, my supervisor at Scania, who has spent many hours with me discussing the 

work and given me good advice. I would also like to specially thank my supervisor 

Dr. Anette Karltun at the Royal Institute of Technology and Jönköping University for 

supporting me through this process. Thank you for all the valuable advice. 

This thesis was completed, in part, with funding from Vinnova via their Fordons-

stratetgisk Forskning och Innovation funding scheme (Diarienummer 2012-03678) 

awarded to the project Methods for Designing Future Autonomous Systems 

(MODAS). 

  



 

  



 

  

Content 

1 Introduction ................................................................................ 1 

1.1 BACKGROUND ................................................................................................................................ 1 

1.2 AIM ................................................................................................................................................. 2 

1.3 DELIMITATIONS .............................................................................................................................. 2 

1.4 OUTLINE ......................................................................................................................................... 2 

2 Theoretical framework ............................................................... 3 

2.1 DIFFICULTIES IN DESIGN OF SOCIOTECHNICAL SYSTEMS ................................................................. 3 

2.2 HOW TO AUTOMATE? ...................................................................................................................... 3 

2.2.1 Aspects to consider in designing sociotechnical systems ....................................................... 4 

2.3 COGNITIVE WORK ANALYSIS ......................................................................................................... 5 

2.3.1 Work Domain Analysis ........................................................................................................... 5 

2.3.2 Control Task Analysis ............................................................................................................ 7 

2.3.3 Strategies Analysis ............................................................................................................... 10 

2.3.4 Social Organization and Cooperation Analysis ................................................................... 11 

2.3.5 Worker Competencies Analysis ............................................................................................ 11 

2.3.6 From analysis to design ....................................................................................................... 11 

2.3.7 Advantages and disadvantages with CWA ........................................................................... 14 

2.4 CONCLUDING REMARKS ................................................................................................................ 15 

3 Method and implementation ................................................... 17 

3.1 SELECTION OF PARTICIPANTS ........................................................................................................ 19 

3.1.1 Senior Technical Adviser ..................................................................................................... 19 

3.1.2 Experienced long haulage driver ......................................................................................... 19 

3.1.3 The four Scania Transport Lab Drivers ............................................................................... 19 

3.1.4 Ten long haulage drivers ..................................................................................................... 20 

3.2 PROCEDURE FOR DATA COLLECTION ............................................................................................. 20 

3.2.1 Interviews WDA ................................................................................................................... 21 

3.2.2 The observation .................................................................................................................... 22 

3.2.3 Talk out loud ........................................................................................................................ 24 

3.2.4 Interviews video ................................................................................................................... 24 

3.2.5 Interviews CAT ..................................................................................................................... 26 

3.2.6 Telephone interviews ............................................................................................................ 26 

3.2.7 Interviews situation frequency ............................................................................................. 26 

3.3 PROCEDURE TO CONDUCT THE ANALYSES..................................................................................... 27 

3.3.1 Create the Abstraction hierarchy (AH) ................................................................................ 27 

3.3.2 The Contextual Activity Template (CAT) ............................................................................. 27 

3.3.3 How to move from analysis to design................................................................................... 28 



 

  

4 Results and analysis .................................................................. 33 

4.1 WORK DOMAIN ANALYSIS ........................................................................................................... 33 

4.1.1 Values and Priorities ........................................................................................................... 33 

4.1.2 Purpose Related Functions .................................................................................................. 39 

4.1.3 Object Related Processes and Physical Objects .................................................................. 41 

4.2 THE CONTROL TASK ANALYSIS .................................................................................................... 41 

4.2.1 Identified situations .............................................................................................................. 41 

4.2.2 The Contextual Activity Template ........................................................................................ 43 

4.3 FROM ANALYSIS TO DESIGN .......................................................................................................... 43 

4.3.1 Important and common situations ........................................................................................ 43 

4.3.2 Function priority .................................................................................................................. 47 

4.3.3 Activity priority .................................................................................................................... 50 

5 Discussion .................................................................................. 55 

5.1 IDENTIFICATION OF OPPORTUNITIES FOR ENHANCING       HUMAN-HEAVY VEHICLE SYSTEM 

PERFORMANCE .................................................................................................................................... 55 

5.1.1 Possibilities for improvements found by activity prioritization............................................ 56 

5.2  THE USE OF COGNITIVE WORK ANALYSIS FOR IDENTIFYING DESIGN SOLUTION .......................... 59 

5.3  THE DEVELOPMENT OF A METHOD FOR ACTIVITY PRIORITIZATION ............................................... 61 

5.3.1 Situation frequencies ............................................................................................................ 61 

5.3.2 Method for function priority................................................................................................. 62 

5.3.3 Activity Score ....................................................................................................................... 62 

5.3.4 How to choose the situations................................................................................................ 63 

5.4 CONCLUSIONS AND COMMENTS .................................................................................................... 64 

6 References ................................................................................. 65 

 

  



 

  

List of Figures 

FIGURE 1 AN EXAMPLE OF THE FIVE LEVELS IN AN ABSTRACTIONS HIERARCHY (AH) WITH LABELS OF THE LEVELS AS FROM 

(JENKINS ET AL., 2009). ........................................................................................................................ 6 
FIGURE 2 AN EXAMPLE OF A COMBINATION OF AN AH AND AN ADS ADAPTED FROM LINTERN (2011A; P. 5). ................ 7 
FIGURE 3 EXAMPLE OF DECISION LADDER WITH DATA-PROCESSING ACTIVITIES (BOXES), STATES OF KNOWLEDGE (CIRCLES), 

SHUNT AND LEAP (VICENTE, 1999; P. 189). ............................................................................................. 8 
FIGURE 4 AN EXAMPLE OF AN CONTEXTUAL ACTIVITY TEMPLATE (CAT), (NAIKAR ET AL., 2006; P. 378). ...................... 9 
FIGURE 5 CONTEXTUAL ACTIVITY TEMPLATE (CAT) COMBINED WITH DECISION LADDERS, (NAIKAR ET AL., 2006; P. 381)

 ...................................................................................................................................................... 10 
FIGURE 6. WHAT PHASES OF THE ANALYSIS THE DATA COLLECTION OCCASION RELATE TO. .......................................... 19 
FIGURE 7 PICTURE OF THE ROUTE (GREY LINE) AND WHERE THE VIDEO WERE RECORDED (BLACK LINE) DURING THE 

OBSERVATION STUDY. ......................................................................................................................... 24 
FIGURE 8 A PART OF THE CONTEXTUAL ACTIVITY TEMPLATE SHOWING THE PLACEMENT OF THE FUNCTIONS AND THE 

SITUATIONS. ...................................................................................................................................... 28 
FIGURE 9 EXAMPLE ON HOW TO CALCULATE THE SCORE IN THE OBJECT RELATED PROCESSES. ..................................... 30 
FIGURE 10 THE NODES ON THE THREE TOP LEVELS IN THE ABSTRACTION HIERARCHY THAT ARE CONNECTED TO THE VALUE 

EFFECTIVITY AND EFFICIENCY. ............................................................................................................... 34 
FIGURE 11 A PART OF THE ABSTRACTION HIERARCHY ONLY INCLUDING NODES CONNECTED TO THE PURPOSE RELATED 

FUNCTION VISUAL OBSERVATION. ......................................................................................................... 35 
FIGURE 12 A PART OF THE ABSTRACTION HIERARCHY WITH THE PURPOSE RELATED FUNCTIONS CONTRIBUTING TO SAFETY.

 ...................................................................................................................................................... 36 
FIGURE 13 PART OF THE AH DESCRIBING HOW THE WARNING TRIANGLE AND SAFETY VEST CONTRIBUTE TO THE SYSTEM 

PURPOSE. ......................................................................................................................................... 37 
FIGURE 14 EXAMPLE FROM THE ABSTRACTION HIERARCHY WITH THE PURPOSE RELATED FUNCTIONS CONTRIBUTING TO 

COMFORT. ........................................................................................................................................ 38 
FIGURE 15 EXAMPLE FROM THE ABSTRACTION HIERARCHY SHOWING THE NODES WITH MEAN-END LINKS TO PHYSICAL 

POSITIONING AND SUPPORT. ................................................................................................................ 39 
FIGURE 16 A PART OF THE CONTEXTUAL ACTIVITY TEMPLATE (CAT). .................................................................... 43 
FIGURE 17 A PART OF THE CONTEXTUAL ACTIVITY TEMPLATE SHOWING THE FUNCTION PRIORITIES.............................. 50 
FIGURE 18 A PART OF THE CONTEXTUAL ACTIVITY TEMPLATE SHOWING THE ACTIVITY PRIORITY SCORES ....................... 50 

 

 

  



 

  

List of Tables 
TABLE 1 PARASURAMAN ET AL. (2000) FOUR TYPES OF AUTOMATION. .................................................................... 4 
TABLE 2 THE STAGES IN THE DECISION LADDER (DATA-PROCESSING ACTIVITIES ARE SHADED) MAPPED TO WICKENS MODEL 

OF INFORMATION PROCESSING (BISANTZ & BURNS, 2009; P. 108). ............................................................ 13 
TABLE 3 SCORE INTERVALS FOR HIGH, MEDIUM AND LOW PRIORITY FOR OBJECT RELATED PROCESSES (BIRRELL ET AL., 

2011). ............................................................................................................................................ 14 
TABLE 4 PARTICIPANTS AND DATA COLLECTION CONDUCTED IN CHRONOLOGICAL ORDER BROKEN DOWN INNUMBER OF 

OCCASIONS AND HOURS. THE NUMBERS AFTER THE DATA COLLECTION OCCASIONS ARE TO FACILITATE REFERRING TO 

THIS WHEN DESCRIBING THE RESULTS. .................................................................................................... 18 
TABLE 5 THE SITUATIONS THE FOUR DRIVERS (D1, D2, D3, D4) WERE INTERVIEWED ABOUT DURING DATA COLLECTION 

OCCASION FOUR, THE INTERVIEWS ABOUT THE VIDEO MATERIAL. ................................................................. 25 
TABLE 6 TRANSFERRING THE PERCENT OF WORKING TIME TO A FREQUENCY SCORE FOR THE DIFFERENT SITUATIONS. ....... 29 
TABLE 7 SCORE INTERVALS FOR HIGH, MEDIUM AND LOW PRIORITY FOR OBJECT RELATED PROCESSES (BIRRELL ET AL., 

2011). ............................................................................................................................................ 29 
TABLE 8 THE PURPOSE RELATED FUNCTIONS IN THE ABSTRACTION HIERARCHY TO THE RIGHT AND TO THE LEFT WHAT 

VALUE AND PRIORITIES THE PURPOSE RELATED FUNCTIONS CONTRIBUTES TO. ............................................... 40 
TABLE 9 SITUATIONS THAT OCCUR WHILE DRIVING IDENTIFIED DURING THE OBSERVATION STUDY. ............................... 41 
TABLE 10 THE FIVE MOST COMMON SITUATIONS FROM MORE TO LESS PART OF THE WORKING DAY ............................. 44 
TABLE 11 THE PRIORITIES OF THE PURPOSE RELATED FUNCTIONS FROM THE ABSTRACTION HIERARCHY. ....................... 48 
TABLE 12 HIGH, MEDIUM AND LOW PRIORITY FUNCTIONS ACCORDING TO THE SCORING OF THE NODES IN THE ABSTRACTION 

HIERARCHY USING THE METHOD FROM BIRRELL ET AL (2011). .................................................................... 49 
TABLE 13 THE HIGHEST PRIORITY ACTIVITIES DURING COUNTRY ROAD DRIVING. ....................................................... 51 
TABLE 14 THE HIGHEST PRIORITY ACTIVITIES DURING DRIVING ON SLIPPERY ROADS. .................................................. 51 
TABLE 15 THE HIGHEST PRIORITY ACTIVITIES DURING HIGHWAY DRIVING................................................................. 52 
TABLE 16 THE HIGHEST PRIORITY ACTIVITIES USED IN THE START AND END OF THE SHIFT (INCLUDING GET AND LOAD TRAILER)

 ...................................................................................................................................................... 53 
TABLE 17 THE HIGHEST PRIORITY ACTIVITIES DURING DRIVING IN HILLS ................................................................... 54 
TABLE 18 THE ACTIVITIES OCCURRING IN THE FIVE SITUATIONS WITH HIGHEST PRIORITY ACTIVITIES AND WITH FUNCTIONS 

INCLUDED IN THE HIGH PRIORITY ACTIVITIES FOR ALL THESE FIVE SITUATIONS. ................................................. 57 
TABLE 19 THE HIGHEST SCORE FOR FUNCTION PRIORITY AND FUNCTION FREQUENCY, WHERE THE LATTER CONSIST OF 

SITUATION FREQUENCY MULTIPLIED WITH FUNCTION FREQUENCY IN SITUATION. ............................................. 63 

 

  



 

  

List of Abbreviations 

ACC Adaptive Cruse Control 

ADS Abstraction Decomposition Space 

AH Abstraction Hierarchy 

CAT Contextual Activity template 

ConTA Control Task Analysis 

CWA Cognitive Work Analysis 

IDSS Intelligent Driver Support System 

ITS Intelligent Transport Systems 

LDW Lane Departure Warning 

SAD Strategies Analysis Diagram 

WDA Work Domain Analysis 

  



 

  



 

1 

 

1 Introduction 

This is a Master Thesis in the program Design and Product Realization and Ergonomics and 

Human-Technology-Organization at the Royal Institute of Technology in Sweden. The thesis 

is conducted at the ergonomic group, within Styling and Vehicle Ergonomics, within Cab 

Development at Scania in Södertälje. 

1.1 Background 

On the 27
th

 December, 1991 a plane (flight SK 751) crashed in Gottröra north of Stockholm 

just four minutes after takeoff from Arlanda airport. Ice from the wings had got into the en-

gines creating the damage that caused both engines fail after just 77 seconds of flight. The 

cockpit crew managed to land the plane on an open field where the plane broke into three 

pieces, but luckily none of the 129 persons onboard died (Martensson, 1995). 

According to Martensson (1995) the captain and co-pilot had a hard time understanding what 

was happening due to so called automation surprises and lack of information assisting the 

pilots in the emergency situation. The captain explained it as the instruments were “flashing 

lights” and it was frustrating to not get systematic information. The copilot described a terri-

ble environment in the cockpit, with all lamps blinking and a lot of warning sounds. The copi-

lot further said it was impossible to manage all the information and that the only thing to do 

was to ignore the warnings and concentrate on flying. Clearly the technical systems did not 

support the operator adequately in this situation. This example illustrates the problems associ-

ated with high degrees of automation in complex systems, Designing these systems is becom-

ing more and more challenging as the technical development becomes more sophisticated.  

To increase the system performance, especially in critical situations, it is important that a 

good collaboration between the technical systems and human operators is achieved. As in the 

example from the Gottröra crash automated systems do not always provide proper feedback to 

the operator. Insufficient feedback to the operator results in difficulties tracking automation 

status and behavior, and difficulties knowing when to intervene (Sarter et al., 1997). The lack 

of proper feedback comes from a failure to design proper human-machine interfaces.  

To create conditions for a system, like a truck and driver, to perform adequately, human-

machine interaction needs to be designed in a thoughtful way with driver supports or automa-

tion used adequately and for the appropriate tasks. It is an important aspect when designing 

autonomic systems to automate the correct parts of the task, and to not use a high level of au-

tomation only because it was technically possible. This is still a great challenge. For example 

if the easy part of the task is automated, the difficult part can be even more difficult for the 

human operator, which introduces a risk that the workload decreases when it is already too 

low and increases during the most demanding and complex tasks (Bainbridge, 1983). 

In the road transportation industry development is moving towards more advanced technology 

and the use of automation in the driving environment is increasing. Examples of this are 

Adaptive Cruse Control (ACC) which is an Intelligent Driver Support System (IDSS) adjust-

ing the speed to the vehicle in front (Rajaonah et al., 2008) and Lane Departure Warning 

(LDW) that warn the driver if unintentionally drifting out of the lane (Kozak et al., 2006). 

To not have the future trucks facing the same types of automation surprises and problems with 

technology not supporting the human agent as the aircraft domain have experienced, it is im-
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portant to learn from history and science to develop a truck driving environment with func-

tionality supporting the driver. Moreover the safety risks associated with an unconsidered use 

of a high degree of automation, it is expensive to develop automatic systems dealing with 

complex situations. It would be a waste of resources to develop systems not functioning in the 

intended context because of not supporting user actions and aims, and therefore it is important 

to have this knowledge in the beginning of the product development process.  

As there is still much improvement to do in this area, this thesis aims to contribute to develop-

ing safe autonomic systems to assist truck drivers.  

1.2 Aim 

The aim of the study was twofold, namely 1) to use Cognitive Work Analysis to identify op-

portunities for enhancing human-heavy vehicle system performance and 2) to contribute to 

improving the possibilities for identifying opportunities for enhancing system performance 

through the development of a method of prioritizing Activities using a Contextual Activity 

Template. 

1.3 Delimitations 

A limitation of this study is that the analysis is conducted for long haulage drivers, which 

means circumstances specific for distribution or construction driving is not included. 

1.4 Outline 

Chapter Two contains the theoretical framework with the theories used in this study, the con-

text of problems in the design of sociotechnical systems, and a theoretical background to the 

framework of Cognitive Work Analysis. Chapter Three describes the method used, divided 

into sections about the selection of participants, procedure for data collection and procedure 

for analysis. Chapter Four describes the results and analysis divided into Work Domain Anal-

ysis (WDA), Control Task Analysis (ConTA) and how to move from analysis to design. In 

chapter five the results are discussed including the methods used and end up in conclusions 

and comments. After that the references and Appendix are found.  
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2 Theoretical framework 

This chapter contains the theoretical framework including the theories used in the current 

study. Further, the difficulties occurring in the design of complex sociotechnical systems, e.g. 

the system of truck and driver, and Cognitive Work Analysis are described where the latter is 

an analysis framework used to accommodate for the difficulties faced when analyzing a com-

plex system. 

2.1 Difficulties in design of sociotechnical systems 

Sociotechnical theory is founded on two main principles (Walker et al, 2008): The first one is 

that social and technical factors create the conditions for system performance, with both linear 

and nonlinear interactions, where the linear often are designed and the nonlinear often unex-

pected The authors point out that the social factors do not need to behave like the technical, 

because people are not machines, but also advanced technical system can have a nonlinear 

behavior. The second principle mentioned by Walker et al. (ibid) is that when optimizing sys-

tem performance both social and technical factors have to be considered, which is called joint 

optimization. Just optimizing one of these two factors at a time will not only increase the 

quantity of unpredictable nonlinear relationships, but also relationships that actually decrease 

system performance. A change in the system, as for example a new technical component or 

new routines, can affect the user interaction with the technique and affect system performance 

in different ways than intended. 

It is important to consider how to handle the complexity in the development of sociotechnical 

systems with advanced technology, because the complexity makes it hard to understand the 

systems that are under development. When navigating with a map or a GPS the world is still 

the same and has the same level of complexity. Accidents and roadwork that require route 

changes and changes in the traffic environment are examples of things increasing the com-

plexity. When using a GPS this complexity is still there but it is up to the technology to deal 

with it. Jenkins et al. (2009, p. 8) say; “There is a point beyond which you cannot simplify a 

process any further; you can only move the inherent complexity from one place to another”. 

They mean that complexity cannot be removed but transferred to automated systems. Hiding 

the complexly in automated systems can be risky according to Jenkins et al. (2009). One al-

ternative is to design for this complexity instead and provide the user with suppor. 

2.2 How to automate? 

With the technical development moving forward there is more advanced technology and op-

portunities to automate functions in sociotechnical systems. There is not just one way to de-

sign a system, there are possibilities to use automation in different ways and different parts of 

a task can be automated. There are four types of automation described by Parasuraman, et al 

(2000), see Table 1. 
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Table 1 Parasuraman et al. (2000) four types of automation. 

Type of automation Description 

Acquisition Automation Supporting the human sensory process 

Analysis Automation Involve cognitive functions 

Decision Automation Decision and action selection 

Action Automation Execution of the selected action 

Parasuraman et al. (2000) have extended Sheridan et al. (1978) levels of automation, which 

refer to decision making, to four different types of automation. Within each type, automation 

can be applied across a continuum of levels from fully manual to fully automatic. 

Automation of information acquisition (Acquisition Automation) applies to the sensing and 

registration of data and these operations are supporting the human sensory processes. At a low 

level of automation this could be a sensor for scanning and observing. At higher level it could 

also involve organization of incoming information, for example a priority list. Automation of 

information analysis (Analysis Automation) involve cognitive functions and can for example 

be applied to prediction, like where an airplane is moving or trend displays in process control. 

Higher level of this type of automation involves integration of several variables into a single 

value. Decision Automation is the third stage of automation according to Parasuraman et al. 

(2000). This involves selection from among decision alternatives which can vary in level of 

replacement of the human selection of decision options as according to Sheridan et al. (1978). 

Action automation involves the execution of the selected action, typically replacement of the 

human hand. The different levels of automation are the relative amount of manual and auto-

matic activity in executing the response. Parasuraman et al. (2000) mean that the automation 

level and type do not have to be fixed, they can change according to situational demands dur-

ing operational use. This is called Adaptive Automation.  

2.2.1 Aspects to consider in designing sociotechnical systems 

Automated systems do not always provide proper feedback to the human, which results in 

difficulties tracking automation status and behavior to understand when there is a need to in-

tervene (Sarter et al. 1997). This comes from a failure to design human-machine interaction 

that has the basic competencies of human-human interaction (Sarter et al., 1997). With tech-

nical developments which make it possible for trucks in the future to have more complex 

technical systems, a user centered approach becomes even more important. To create condi-

tions for a system, like a truck and driver, to perform adequately, human-machine interaction 

needs to be designed in a thoughtful way with the right level of automation for different tasks. 

Another important aspect is that it is a risk that the user workload decreases when it is already 

too low and increases during the most demanding and complex tasks. If the easy parts of the 

task are automated the difficult parts can be even more difficult for the human operator 

(Bainbridge, 1983). 

According to a model by Rollenhagen (1997) a way to avoid accidents, which are caused by 

abnormalities, introduced by humans is the use of technical barriers. These barriers could be 

automatic systems taking over control or informing and alerting the drivers in case of a criti-

cal event. Human barriers in the system, as the ability to see the whole picture of a situation, 
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can be used in situations the autonomous system can’t handle in a good way. By having a 

redundancy within the system with both human and technical agents able to carry out the 

tasks, the system will be more flexible and have a better ability to handle critical and unusual 

events. 

One way to identify the problems within a system is to look into the users emotions. If the 

user is feeling bad in a situation there is probably areas for system improvement. To easier ask 

the informant about emotions in the situation is to use the Geneva emotion wheel used by Li 

and Mao (2012). 

2.3 Cognitive Work Analysis 

Cognitive Work Analysis (CWA; Rasmussen et al., 1994; Vicente, 1999) is a framework for 

the analysis of complex sociotechnical systems. CWA consists of the five phases; Work Do-

main Analysis (WDA), Control Task Analysis (ConTA), Strategies Analysis, Social Organi-

zation and Cooperation Analysis and Worker Competencies Analysis. Using the methods 

from the CWA framework is one way to deal with the difficulties associated with the analysis 

of complex sociotechnical systems. Within the framework are structured methods for identify-

ing the requirements and information needed for developing a system where the user is well 

supported by the technical components. 

2.3.1 Work Domain Analysis 

The Work Domain Analysis (WDA) is used to consider how the system might reasonably 

perform (that is, formative modeling), and not how it should perform (normative) or is cur-

rently performing (descriptive) (Jenkins et al., 2009, p. 12). This means that the WDA is an 

event and time independent analysis. The WDA is used for defining task environment by 

identifying a set of constrains on the actions. The WDA addresses what is being performed, 

how and why, which is an important understanding for development of the system of truck 

and driver to enhance performance. 

The representations of the WDA can be an Abstraction Hierarchy (AH) or an Abstraction 

Decomposition Space (ADS) Jenkins et al. (2009). The AH has five different levels starting 

with the Functional Purpose at the top, which is the purpose of the system and the external 

constraints on its operation (Jenkins et al., 2009). In the example in figure 1 is the Functional 

Purpose of the system of a truck and driver, Goods Distribution via Road Transportation. One 

level down is the Values and Priorities in the system. This level consists of how the Function-

al Purpose can be measured (Jenkins et al., 2009). For example one way to measure how well 

the system of truck and driver achieves the Functional Purpose Goods Distribution via Road 

Transportation is the amount of accidents, which are measurements of safety. Therefore Safe-

ty is one of the Values and Priorities in the system as seen in figure 1.  

At the bottom level are the Physical Objects of the system and the second lowest level con-

tains the Object Related Processes, which is why the physical objects exists or the functional 

capabilities and limitations of the physical objects as described by Jenkins et al. (2009; p.20). 

In the example in figure 1 is Objects Related to Seeing on the Physical Objects level, which 

contribute to Visibility on the Object Related Processes level. The reason for the Objects Re-

lated to eeing in this system is to achieve good visibility. 
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In the middle level are Purpose Related Functions which are the functions of the system nec-

essary for achieving the functional purpose (Jenkins et al., 2009; p.20). It is between the Ob-

ject Related Processes level and the Purpose Related Functions level the physical objects pos-

sibilities and constrains are mapped together with the aim and purposes of the system.  

The links connecting the nodes at different levels in the AH are called mean-end links. When 

moving long a mean-end link to a higher-level node the question why the node exists should 

be answered. When moving along a mean-end link to a lower level node the question how it is 

achieved should be answered (Vicente, 1999). In the figure 1 is seen for example that visibil-

ity is used for visual observation and is achieved by the objects related to seeing. 

 

Figure 1 An example of the five levels in an Abstractions Hierarchy (AH) with labels of the 

levels as from (Jenkins et al., 2009). 

Sources of information to conduct this analysis can be engineering documents, structured in-

terviews with system experts and interviews with stakeholders (Jenkins et al., 2009). Infor-

mation for the lower levels of the AH can be documents with the physical aspects of the sys-

tem. Information about more abstract parts can be received from stakeholders or literature 

about the system aims. To create the AH it is often easiest to start at the top and bottom level 

and meet in the middle. This is because the Functional Purpose at the top is often clear and by 

considering ways to determine how to measure success of the Functional Purpose the Values 

and Priorities can be found. Regarding the lower levels of the AH it is relatively easy to create 

a list with physical objects in the system and what they are used for. The most challenging 

part according to Jenkins et al. (2009) is often to create links between the physical description 

and of the system components and functional description of what the system should do. Ac-

cording to Lintern (2011a) the WDA identifies functional properties that result from both de-

sign intent and that may not have been intended but instead were discovered by the users. 

Another tool used for the Work Domain Analysis is the Abstraction Decomposition Space 

(ADS). The ADS has the same levels as the AH in vertical direction, but is also divided by 

how broad the system view is in horizontal direction, with total system most to the left and 

single system components most to the right (Jenkins et al., 2009). To construct the ADS in-

formation found within the literature or from system experts is used. The construction of the 

analysis should be reviewed with domain experts in an iterative process according to Jenkins 

et al. (2009). The ADS can also be described directly in the AH with boxes linked to each 
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other at the same level and the components of for example a physical object inside the box for 

the object according to Lintern (2009), see figure 2.  

 

Figure 2 An example of a combination of an AH and an ADS adapted from Lintern (2011a; p. 

5). 

2.3.2 Control Task Analysis 

The Control Task Analysis (ConTA; Vicente, 1999, p. 181-214) identifies the requirements 

and what needs to be done in recurring classes of situations and is thereby a complementary 

analysis to the WDA. There are three different approaches to Control Task Analysis accord-

ing to Vicente (1999, p. 181). The first approach is input-output that is a constraint- based 

analysis suited for the analysis of complex sociotechnical systems. The other two approaches, 

sequential flow and timeline, is instruction-based and do not have the flexibility required to 

deal with larger disturbances (Vicente, 1999). 

According to Jenkins (2009), developing the control task models could be done by modeling a 

decision ladder, compare Rasmussen (1974; 1976). In the decision ladder the data-processing 

activities are represented by rectangles and the state of knowledge gained from the data-

processing activity is represented by circles (Bisantz & Burns, 2009, p. 98-99).  

The decision ladder is a modeling tool used during ConTA, which is basically a linear se-

quence of information-processing formed as a ladder, see figure 3, with added shortcuts be-

tween the sides of the ladder, according to Vicente (1999). There are two kinds of shortcuts 

according to Vicente (ibid), these are shunt and leap. A shunt is when process lead to a state 

of knowledge, a rectangle to a circle. A leap is when two states of knowledge are connected, a 

circle to a circle.  



 

8 

 

 

Figure 3 Example of decision ladder with data-processing activities (boxes), states of 

knowledge (circles), shunt and leap (Vicente, 1999; p. 189). 

The Contextual Activity Template (CAT; Naikar et al., 2006) is an extension of ConTA rep-

resenting activity in work systems both characterized by the work situations and work func-

tions. Naikar et al. (2006) show the work situations along a horizontal axis and work functions 

along a vertical axis, see figure 4. The work functions are indicated by circles with boxes 

around representing the work situations where the function can occur. In each box is also a 

bar indicating for what work situations the work function is typically occurring. 



 

9 

 

 

Figure 4 An example of an Contextual Activity Template (CAT), (Naikar et al., 2006; p. 378).  

The CAT can also be combined with the decision ladders, where the decision ladders repre-

sent the control tasks for each work function to illustrate the sub-sets of control occurring in 

the different work situations, see figure 5 (Naikar et al., 2006).  
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Figure 5 Contextual Activity Template (CAT) combined with decision ladders, (Naikar et al., 

2006; p. 381) 

2.3.3 Strategies Analysis 

The Strategies Analysis is described by (Vicente, 1999) as a analysis that deals with questions 

of how the activities found with the Control Task Analysis can be conducted. Different strate-

gies can be used to conduct the same control task (activity) depending on de situation and for 

example user workload (Vicente, 1999). The user can use a more demanding strategy when 

dealing with a less demanding situation. Vicente (1999) describes this with an example from 

Air Traffic Control, where a strategy involving efficiency for the airplanes is used for a low 

number of airplanes. The strategy used to control the airplanes changes to just consider safety 

aspects when the amount of airplanes increased. To find out the strategies a worker can use 

has important advantages for design because the different strategies could be supported in 

different ways, for example the displays could be constructed to support the different infor-

mation requirements when using different strategies (Vicente, 1999).  

A structured approach to strategies analysis is presented by Cornelissen et al., (2011). The 

strategies analysis is the part of the CWA that describe ways to carry out activities in a system 

by defining response options, input for procedures and problem solving methods. The authors 

mean that a formative approach, describing how a system could behave, is the most promising 

in identifying a wide range of possible strategies. Therefore the approach proposed by 

Cornelissen et al. (2011) is formative and it builds upon the two earlier phases of CWA. They 

suggest creating a Strategies Analysis Diagram (SAD) that has the purpose to generate possi-

ble strategies within the constraints on objects available and system purpose identified with 

the WDA. The SAD looks like the WDA but have an extra 0-level with verbs that relate to the 

objects, for example “press” or “replace”. The SAD also focuses on a particular activity when 

the WDA focus on the general purpose of the system. 
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The links between the nodes in the SAD is created in the same way as for the WDA, upwards 

the hierarchy explains “why” and downwards explains “how”. Because the analysis is forma-

tive when two nodes are connected it is explored if there should be more connections to an-

other node or if a new node should be created. It is important to draw boundaries to the analy-

sis according to Cornelissen et al. (2011) to know what to include and exclude, for example 

accessories are excluded in their analysis of an iPod. 

One way to find out strategies is to find alternative strategies to the current ones by following 

the connections leading to and from the nodes. This should not be the only way to find strate-

gies according to Cornelissen et al. (2011) though it relies on what is already known and 

therefore is not formative. One other way these authors mention to generate strategies is to go 

top down or bottom up from any node on the different levels in the SAD. When starting at the 

bottom with the verbs the question could be “what happens if pressing the button?” or a man-

ual describing how an action carries out a function could help to find the possible strategies. 

There are also possibilities to start with a criteria or Purpose Related Functions that cannot be 

achieved. When starting at Purpose Related Functions the authors mean that also strategies 

only functioning if new objects are available can be found. It is also necessary to consider 

alternative use of current objects, as for example using the light from the iPod screen as a 

light when it is dark (Cornelissen et al., 2011). 

2.3.4 Social Organization and Cooperation Analysis  

In the fourth phase of Cognitive Work Analysis, Social Organization and Cooperation Analy-

sis, is about how to distribute the system requirements between human workers and autono-

mous systems and how the actors should communicate and cooperate according to Vicente 

(1999). Vicente (ibid) mean the objective is to determine how the social and technical factors 

in the sociotechnical system can work together to enhance overall system performance, which 

is important because organizational factors has a large influence in complex sociotechnical 

systems. In this phase the modeling tools from the first three phases are used. 

2.3.5 Worker Competencies Analysis 

Worker Competencies Analysis is the fifth and last phase of Cognitive Work Analysis. This 

analysis identifies what competences workers need to have to act effectively depending on the 

requirements of the application domain. The requirements from the earlier phases of CWA is 

consolidated and then how this requirements can be met in a way consistent to human limita-

tions and capabilities is included in the Worker Competencies Analysis (Vicente, 1999; p. 

275). 

2.3.6 From analysis to design 

Read et al. (2012) propose that because Human Factors is meant to influence design to im-

prove system performance, CWA needs to go beyond analysis to support the design of more 

safe and productive systems. Therefore the authors are reviewing what have been designed 

with the use of CWA and what strategies that have been used to apply the knowledge from 

CWA in the design process. They define four categories of how CWA have been used in de-

sign; 1) CWA output is direct mapped to design, 2) CWA is used in an iterative manner to 

define design requirements, 3) CWA is used together with human factor guidelines or other 
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criteria and 4) CWA is used within a wider design process. Most papers address the first cate-

gory, direct contribution. 

Inputs for design can be found from the decision ladder analysis according to Bisantz and 

Burns (2009, p. 98). They call it design seeds, which they view as a hypothesis for work sup-

port that represent a specific and relatively independent design concept that supports specific 

aspects of tasks. Bisantz and Burns (2009, p. 108) argue that it is difficult to relate the design 

seeds to specific states of knowledge or data-processing activity in the decision ladder be-

cause the most design seeds cut across stages. Therefore Bisantz and Burns et al. used 

Wickens’ model of information processing (compare Wickens, 1984) to map the steps in the 

decision ladder into broader groups, allowing identification of broader design seeds, see table  

2. The decision ladder steps were separated into the groups “Perceptual encoding”, “Working 

memory”, “Central processing” and “Responding”, were “Working memory” is abstracted 

from the “Central processing” stage in Wickens’ model of information processing. The ladder 

steps “Activation”, “Alert” and “observe” is mapped to “Perceptual encoding” in the human 

information-processing which gives design seeds that focus on bringing a stimulus to the op-

erator attention or retain it were it is easily accessed. The next step in the decision ladder is 

“Set of Observations”. Here design seeds should help to overcome the working memory limi-

tations with display objects lighten the burden of remembering the information, combination 

of data, consideration of what information is given and the triggered mental model. The lad-

der step from “Identifying” to “Goal state” is mapped to “Central processing”. Here the reali-

zation of current and required state and the resolution of ambiguity are included. This decision 

ladder analysis helps the designer to focus on aspects of the information-processing activity 

that might be supported by decision-aiding design seeds to help the operator determine system 

state, resolve ambiguity or information needed and processes used to get to the next state of 

knowledge. The last stage in the human information-processing is called “Responding” and 

mapped to the decision ladder steps between “Define task” and “Execute” which is about how 

to change the system state to match the goal and the execution of this. Here the design seeds 

could try to overcome the procedures delaying an action (Bisantz & Burns, 2009). 
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Table 2 The stages in the decision ladder (data-processing activities are shaded) mapped to 

Wickens model of information processing (Bisantz & Burns, 2009; p. 108). 

Decision ladder step Human information-processing stage 

Activation 

Perceptual encoding Alert 

Observe 

Set of Observations Working memory 

Identify 

Central Processing 

System State 

Interpret 

Ambiguity 

Evaluate Performance Criteria 

Ulitmate Goal 

Goal State 

Define Task 

Responding 

Task 

Formulate Procedure 

Procedure 

Execute 

Bisantz and Burns (2009) argue that the Cognitive Task Analysis on its own is not enough to 

translate into a design solution and therefore some other perspectives are discussed. One is 

consider the decision ladder for each step of data-processing or state of knowledge with re-

spect to cognitive elements supporting design purpose, as for example perception, working 

memory, long-term memory, decision making etc. The decision ladder can also be used to 

identify opportunities to support expert behavior according to Bisantz and Burns (2009), 

which are shown as leaps and shunts. Three methods to go from design seeds into integrated 

support concepts are discussed by Bisantz and Burns (2009). These are grouping the design 

seeds on the basis of what cognitive elements they support, functional similarity and their 

contribution to a sequence of activities. 

According to Bisantz and Burns (2009) the design seeds resulting from a decision ladder 

analysis focus on the automaton of tasks and placing the operator in a passive role. This may 

not be appropriate because of “out-of-the-loop-unfamiliarity” problems, meaning it is hard for 

an operator to take back control and understand what decisions that needs to be taken if not 

included in the decision loop, as described in chapter 2.1.2. They suggest that instead of just 

automating tasks the design seeds could be focused on supporting the operator in the different 
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activities in the decision ladder, which gives a design approach complementing the human 

operator. 

Salmon et al. (2007) conducted a WDA to investigate the road transport system in Victoria, 

Australia. From the WDA, they extracted a series of driver information requirements and 

driving tasks that could be supported through vehicle design. The focus was in two areas, dif-

ferent types of information that should be presented to the driver, especially via vehicle sub-

systems, and the support that in-vehicle systems could provide to drivers. They found that the 

WDA indicated that the driver information requirements were not entirely satisfied by the 

current vehicle design and that there was a number of driving tasks that could be better sup-

ported with new systems within the vehicles. The analysis was done by comparing the infor-

mation requirements from the different levels of the Abstraction Decomposition Space (ADS) 

with the technology in contemporary vehicles. The ADS were also used to identify parts of 

the driving task were the driver might require additional support. Salmon et al (2007) pro-

posed that this support could be given by Intelligent Transport Systems (ITS).  

Birrell et al., (2011) scored nodes in the Abstraction Hierarchy (AH) conducted within the 

WDA phase as low, medium or high priority, which is a step towards finding design solu-

tions. The scores of the nodes at the top three levels in the AH was conducted by the research-

ers using the knowledge of the system achieved throw their data collection. The scores of the 

nodes on the Object Related Processes level were calculated depending on how many nodes 

on the Purpose Related Functions level they were connected to and the priority of these nodes. 

A mean-end link to a high priority node gave nine points, medium priority three points and 

low priority one point. High priority was given to Object Related Processes with 13 or over 13 

points, seven to twelve points gave the Object Related Process medium priority and one to six 

points gave low priority, see Table 3. 

Table 3 Score intervals for high, medium and low priority for Object Related Processes 

(Birrell et al., 2011). 

Priority of Object Related Process Score from the nodes in AH 

High priority Score ≥ 13 

Medium priority 7≤ Score ≥12 

Low priority Score ≤ 6 

One way to prioritize the activities could be to consider them as possible risks if not suffi-

ciently completed. What a risk is can be defined in different ways. Grimvall et al. (2003) sug-

gest one often used way that specifies what risks are that offers a way to consider risks by  

multiplying the severity of an accident with the probability of that accident, called expected 

value.  

2.3.7 Advantages and disadvantages with CWA 

To be able to automate the correct parts you need to know the goals within the system and 

what the user is doing. One way to find this out is to use the CWA that is a formative ap-

proach for modeling this kind of complex sociotechnical systems, systems including both ad-

vanced technology and humans. According to Vicente (1999), the CWA is a framework for 

the relatively unique demands imposed by complex sociotechnical systems and the intent is to 

cover a range of application areas. He also argue that traditional approaches to human factors 
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does not address the new challenges imposed by complex sociotechnical systems. The Work 

Domain Analysis framework has been used for analysis in many different domains, for exam-

ple rail transport (Stanton et al., 2013), naval command and control (Lamoureux et al., (2006), 

air traffic control (Ahlstrom, 2005) and to develop train driver interfaces (Jansson et al., 

(2006).  

With the first and second phase of the CWA the purpose of the system and the values within it 

can be identified in order to see how the different physical objects in the system are support-

ing the user goals. Also it is important to see what tasks are conducted within the system and 

what information is needed to conduct different tasks in different situations. When having this 

knowledge this can be used in the design of new systems with an approach to support the us-

ers’ action in the system. Because computer-based systems for supporting human work is 

based on assumptions about the work, instead of making this assumptions implicitly, this 

should be done with an explicit analysis which means to give input to the design solutions 

(Vicente, 1999). 

Stanton et al. (2005) discuss advantages and disadvantages with the CWA framework. They 

mean that the advantages are that the CWA is a comprehensive framework for design and 

analysis of complex systems and that the CWA framework is based on sound underpinning 

theory. The CWA framework is further very flexible, it can be applied for a number of differ-

ent purposes and domains and the methods within the framework are extremely useful. The 

disadvantages are that the methods are complex, which requires considerable training to use 

them, and the CWA methods are extremely time consuming to apply. Further, some methods 

have only limited published guidance on their usage, the reliability of the methods may be 

questionable and the CWA outputs can be large and hard to present. 

2.4 Concluding remarks 

The truck and the truck driver is a complex system because of the broad task, many technical 

subsystems, some with advanced technology, and a human in control. This makes it reasona-

ble to believe the use of the Cognitive Work Analysis (CWA) framework could help to ana-

lyze and develop an understanding of the system of truck driver and truck that will be useful 

in identifying possible improvements of the design. The identifying of user goals and what 

parts of the system included to achieve them can be done with an Abstraction Hierarchy (AH) 

in a structured way. This is conducted within the first phase of CWA, Work Domain Analysis 

(WDA). Further the activities conducted within the system and the situations the system is 

facing can be analyzed with an Contextual Activity Template (CAT) within the second phase 

of CWA, Control Task Analysis (ConTA). 

One important and not straightforward question, which this study also attempts contributing to 

answer is how to choose activities for further development to enhance system performance. 

Bisantz and Burns (2009)  used the decision ladders to go from analysis to design. If not con-

ducting decision ladders for all activities occurring in the system, which would for a complex 

system be a considerable amount of work, what activities to further analyze must somehow be 

evaluated. A start of this is done by Birrell et al (2011) who developed a way to prioritize the 

Object Related Functions in the Abstraction Hierarchy, which are conducted already in the 

first phase of analysis. Therefore there is a need for a way to go from the priorities of the Ob-

ject Related Functions to priorities of activities, for which the decision ladders can be con-

ducted. 
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Salmon et al., (2007) extracted information requirements and tasks that could be supported 

through design from the WDA by comparing the information requirements from the different 

levels of the Abstraction Decomposition Space (ADS) with the technology supporting the 

user. To identify the information requirements and tasks that could be supported by design by 

comparing to the technology supporting the activities could be a way to go from the priori-

tized activities towards design solutions enhancing system performance. 

  



 

17 

 

3 Method and implementation 

The methods used in this study are the first two phases of Cognitive Work Analysis (CWA); 

Work Domain Analysis (WDA) and Control Task Analysis (ConTA). These methods are ap-

propriate to use to find opportunities for enhancing human-heavy vehicle system performance 

because the CWA is a comprehensive framework for analysis of complex systems. The analy-

sis is limited to the values Safety, Effectivity & Efficiency and Comfort in the Abstraction 

Hierarchy, which means that purposes related to reputation, laws, regulations and organiza-

tional regulations are not included in this study. Within the WDA an Abstraction Hierarchy 

(AH) is conducted, and a Contextual Activity Template (CAT) is conducted within the 

ConTA. 

A start of an AH was already conducted before this thesis started by five two-hour interviews 

with an experienced truck driver (Krupenia, 2012), which the AH conducted within this thesis 

is a continuation on.  

The data collected during this study started with three interviews of a total of five hours with a 

Senior Technical Adviser from Scania CV AB. Then a two-hour interview with an experi-

enced long haulage driver was undertaken. This was in the beginning of the study when an 

understanding of the requirements within the work domain was searched for. Therefore a 

semi-structural approach was used during the interview, see Appendix 1. Thereafter an addi-

tional, observation study was conducted during which three video cameras were used to cap-

ture sixteen hours of footage from 35 hours (2500 km) of observation (one driver/day over a 

four day period). During the observation study, drivers were also asked to talk out loud about 

the information needed, decisions made and rational their behavior at that time with respect to 

their driving activities. A total of 40 minutes of talk out loud video data was collected per 

driver. Around five hours of semi-structural follow-up interviews were conducted during 

which the same drivers reviewed the videos collected during the observation study, see Ap-

pendix 2. One and a half hour interview with all four drivers from the observation study at the 

same time were conducted to develop the Contextual Activity Template (CAT). For the CAT 

also a two-hour interview with the experienced long haulage driver and in total one hour tele-

phone interviews with two of the four Scania Transport lab drivers was conducted. Ten truck 

drivers were also interviewed about the situation frequency. Table 3 below, shows the partici-

pants and time spent during the data collection occasions, with numbers after the data collec-

tion occasions to facilitate referring to them in the results. 
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Table 4 Participants and data collection conducted in chronological order broken down 

innumber of occasions and hours. The numbers after the data collection occasions are to fa-

cilitate referring to this when describing the results.  

  
Interviews 

WDA (1) 
Observa-

tions (2) 

Talk out laud 

(3) 

Interviews 

Video (4) 

Interviews 

CAT (5) 

Telephone 

interviews 

(6) 

Interviews 

situations 

frequency 

(7) 

Senior 

Technical 

Adviser 

2 + 2 + 1 = 5 

hours with 

one 

informant 

            

Experienced 

long haulage 

driver 

2 hours with 

one 

informant 

      

2 hours 

with one 

informant 

    

Four Scania 

Transport Lab 

Drivers 

  

9 hours 

(600-700 

km)  

with each 

participant 

40 min with 

each 

participant 

1- 1.5 

hour with 

each 

informant  

1.5 hour 

with all 

inform-

ants at the 

same time 

 40 min 

with one 

informant 

and 20 min 

with anoth-

er inform-

ant 

 

Ten long 

haluage 

drivers 

          

 

 0.5 hours 

with each 

informant 

Interviews for the WDA, the observations, the Talk Out Loud and the interviews with videos 

contributed to conduct the AH within the WDA analysis. The information from these data 

collection occasions were also used to conduct the CAT during the ConTA phase, together 

with information from the interviews for the CAT and the telephone interviews. All this in-

formation and the information from the interviews about the situation frequency were used to 

find areas for improvement of system performance, here called “From Analysis to Design”. 

Figure 5 describes how the different data collection occasions collected information to the 

different phases of the analysis.  



 

19 

 

 

Figure 6. What phases of the analysis the data collection occasion relate to.  

The selection of participants for each of the data collection activities are described in the fol-

lowing section, 3.1. In section 3.2 follows how the data collections were conducted and sec-

tion 3.3 contains the procedures for the Work Domain Analysis, the Control Task Analysis 

and how to go from analysis to design. 

3.1 Selection of participants  

Here the selection of participants and their characteristics related to the different stages of 

data collection are described and motivated. 

3.1.1 Senior Technical Adviser 

The Senior Technical Adviser had been working in the company with truck development for 

40 years, which had given him a good knowledge about the truck. His specialty was electrical 

components and systems but he has also a broad and general knowledge about the technical 

systems in the truck. He was chosen as informant because of his technical knowledge about 

the truck and the subsystems within the truck.  

3.1.2 Experienced long haulage driver 

This informant had been a truck driver for 39 years. The last 10 years he had been working at 

Scania with testing trucks, but he also had 29 years of experience driving long haulage in Eu-

rope. Because of all of his experience as a long haulage truck driver he had good knowledge 

about the truck and about driving. 

This informant was chosen to be included in the study because of his thorough experience and 

knowledge of long haulage driving. The selection was made by asking at the test group at 

Scania for a truck driver with a lot of experience of long haulage. 

3.1.3 The four Scania Transport Lab Drivers 

The four drivers participating in the observation study were from Scania Transport Laborato-

ry, which works as a normal trucking company but is owned by Scania. The drivers were used 
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to participate in tests for product development and research. They drive long haulage with 

Scania goods, a route from Södertälje in Sweden to Zwolle in the Netherlands. The route from 

Södertälje to Zwolle and back takes four days and the drivers sleep in a house in Vodinborg 

half way and in Zwolle. Every day a total of five drivers drive each section of the route. When 

driving in Sweden they usually drive in a convoy of at least two trucks, but sometimes that is 

not possible due to practical reasons, as for example late trailers. Four of them worked as a 

team that always drive together and one rotate between different groups. The four observed 

drivers were in the same team but had not been that for long because of recent changes in 

their schedule. The selection of group of drivers to observe was done by the Transport Planner 

at Scania Transport Laboratory due to date of start of trip. 

Driver one had been working for six years as a long haulage truck driver, the three latest years 

as a truck driver at Scania. He had the Swedish driving licenses BE, CE, meaning he can drive 

trucks and busses. 

Driver two had taken a one-year truck-driving course and had the Swedish driving license BE, 

DE and CE, meaning he can drive trucks and busses with a heavy trailer. He was a truck and 

bus driver at Scania Transport Laboratory and had been working there for about a year. Be-

fore that he was driving a cab for 15 years.  

Driver three had the Swedish driving licenses A, BE, CE meaning he can drive everything but 

busses. He was working as a long haulage truck driver at Scania Transport Laboratory, and 

had been working at Scania for 18 years. In total he had been driving trucks for 30 years, ear-

lier he was driving tow trucks and gravel trucks. 

Driver four started driving trucks in 1968, which is now 45 years ago. By the time the study 

was undertaken he had been working at Scania Laboratory for about nine months. Before that 

he had also been driving busses for 23 years.  

3.1.4 Ten long haulage drivers 

To get information about what situations are common for long haulage drivers it was im-

portant to ask drivers from different trucking companies driving different routes, therefore 

participants from Scania Transport Laboratory were not used for these interviews. Instead ten 

long haulage truck drivers who met at Stockholm Truck Meet 2013 where interviewed about 

half an hour each. Drivers at the Stockholm Truck Meet 2013 where first asked if they are 

long haulage drivers. If they were they were asked to participate in the interview and were 

told it was for a master thesis project at Scania and that the questions were about how often 

different identified situations occur when working as a long haulage truck driver. All drivers 

who said they were driving long haulage also agreed to participate in the interview.  

The ten drivers had in average 16 years of driving experience. They were between 19 and 54 

years old, with the average age of about 40 years. It was eight men and two women and they 

were driving for different trucking companies, mostly in Sweden and Norway, but also Fin-

land and other European countries.  

3.2 Procedure for data collection 

In this section the procedure for the different data collection occasions is presented. 
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3.2.1 Interviews WDA 

The interviews for the WDA where conducted with a Senior Technical Adviser and an expe-

rienced long haulage truck driver. How the interviews were conducted is described below. 

Interview with a Senior Technical Adviser 

The five hours of interview time with the Senior Technical Adviser were divided into three 

separate interviews conducted in different days. The first interview included information to 

the informant about what an Abstraction Hierarchy (AH) is and what kind of information is 

needed. The interview was conducted as a discussion about the AH to find out more about the 

technical systems in the truck and what their purposes are. This was written directly on a pa-

per copy of the AH as nodes and mean-end links, but also comments written down to later 

figure out how to model the information. The AH were looked through both from top-down 

and bottom-up, both starting with objects to find what processes and functions they contribute 

to and starting at nodes at higher levels to find the supporting processes and objects. Ques-

tions from Jenkins et al. (2009, p. 24-26) were used to achieve information about the physical 

objects in the system that contribute to the driver ability to maintain the system values, see 

Appendix 1. Information was also achieved by the physical objects purposes and how they are 

functioning through these interviews. One example of question for physical objects was 

“What are the physical objects or physical resources in the work system – both man-made and 

natural?” and one of the questions for Object Related Processes was “What can the physical 

objects in the work system do or afford?” (Jenkins et al., 2009, p. 26). 

The interview time was equally divided between Safety and Effectivity & Efficiency to make 

sure data for both parts were collected. Comfort was in the beginning considered a part of the 

abstraction decomposition of the value Safety, when it is now considered a value itself be-

cause comfort is one aspect to consider when measuring system performance. Between the 

interviews the AH was updated with the new information noted also with pen and paper and 

direct on the printed picture of the AH. This was done to enable the next interview to based on 

the previous one and in that way further develops the analysis. 

Interview with an experienced long haulage driver 

The two hours interview with the experienced driver was conducted after the three interviews 

with the Senior Technical Adviser, to verify the accuracy of the described values and add 

more information as for example Good (Gentle, Forbearing) Driving and further adding in-

formation on how the different physical objects are supporting the values, because some ob-

jects could be used to support more values then what they are designed for as described by 

Lintern (2011a).  

As in the interview with the Senior Technical Adviser, the interview started with information 

about the Work Domain Analysis (WDA) and what to achieve with the analysis. The inter-

view proceeded from what was conducted from the interviews with the Senior Technical Ad-

viser and the same kind of questions where used (see Appendix 1). Here the focus was more 

on the higher levels in the abstraction hierarchy, the Functional Purpose, Values and Priorities 

and Purpose Related Functions, compared to the interview with the Senior Technical Adviser, 

but also some information about the technical components and their processes were achieved. 
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3.2.2 The observation 

The observation of truck drivers took place in an as natural truck driver environment as possi-

ble. The selection of participants was limited to drivers from the Scania Transport Laboratory 

due to practical reasons. The Scania Transport Laboratory is working as a normal trucking 

company but is connected to Scania. The theoretical population of truck divers is large for 

long haulage. To be able to generalize from the selection to the theoretical population it is 

important to have requirements on the selection to find a group of participants that are like a 

miniature of the entire population, where not one kind of drivers are systematically not chosen 

(Jacobsen et al.,2002). This was difficult to fulfill in this study because all participants were 

working for the same company and in the same geographical area.  

The data collection regarding the observation was conducted during four days of driving with 

start at 10 am the 9
th

 of March 2013 in Södertälje in Sweden, an overnight stop in Vodingborg 

in Denmark, to Zwolle in Holland and then the way back to Södertälje. The route included 

highway driving, country road, passing cities as well as traffic jams because of snow and slip-

pery roads. The traffic density varied depending on time on the day, if it was weekend or not 

and the place. There was one trip by ferry each day and in Södertälje and Zwolle the trailers 

were connected and disconnected. 

When the drivers stop to sleep in Södertälje, Vodingborg or Zwolle another driver is already 

there prepared to drive the truck the next part of the route meaning the trucks never stops. The 

data collection was conducted in a new truck and with a new driver each day to get data from 

four different drivers during the four days of data collection.  

About four hours of driving with each driver where captured with video cameras. Before the 

driving started three cameras where places in the cab, one capturing the overall situation, one 

the traffic situation and one the drivers face, see photos 1-3. 

 

Photo 1 The face camera placement during the observation study. 
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Photo 2 The front camera placement during the observation study. 

 

Photo 3 The wide-angle camera placement during the observation study. 

An observation plan, see Appendix 3, with what part of the trip to record to capture different 

kind of conditions and situations was done in advance by asking drivers and a Transport Plan-

ner at the Scania transport lab about the route. In figure 6 is a map with the four-day route 

(grey line) and markings on when the video recordings (black line) were conducted. This ob-

servation plan was not followed in detailed during the data collection, changes were made 

according to the situations ccurring. 
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Figure 7 Picture of the route (grey line) and where the video were recorded (black line) dur-

ing the observation study. 

3.2.3 Talk out loud 

During ten minutes four times during the driving shift that lasted about nine hours, the drivers 

were also asked to talk out loud about the information needed, decisions made and rational for 

their behavior during that time with respect to their driving activities. This was done to cap-

ture their thinking and decision-making occurring that did not lead to an action. 

3.2.4 Interviews video 

The videos from the observations were scanned for situations occurring during driving e.g. 

driving in junctions, highway exits or on slippery roads. Five to six types of situations were 

chosen for each interview with one of the four drivers that had participated in the observation. 

The video material used in the interviews was from the observation of just that driver being 

interviewed. Situations that frequently occurred during the driving with the participant were 

chosen, therefore there were some difference in what kind of situation the informants were 

interviewed about. The situations used in the interviews with the four different drivers are 

showed in table 5 Some situations usually occurring in the video material are represented in 
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all or more than one interview, e.g. overtaking. Other situations, as e.g. driving in hills, are 

used only in one interview. 

Table 5 The situations the four drivers (D1, D2, D3, D4) were interviewed about during data 

collection occasion four, the interviews about the video material. 

 
Country 

road 

Highway 

exit and 
entrance 

Highway Junctions Roundabouts Overtaking Park 

Traffic 
jam and 

slippery 

road 

Ferry Stops Hills 

D1 X X X X  X      

D2 X X  X X X X     

D3  X  X X X  X X X  

D4 X X  X X X   X  X 

The video material was edited to one about two to five minutes long video film for each kind 

of situation, for example one with junctions and roundabouts and one with highway exits and 

entrances. The pictures from the three different cameras collecting the video of the traffic sit-

uation, the drivers face and the wide angle video in the cab were put side by side to see all of 

them at the same time, see photo 4. 

 

Photo 4 A picture from one of the edited videos from the observations, with the picture from 

all three cameras. 
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The interviews with the four drivers from Scania Transport Laboratory (D1, D2, D3, and D4) 

took place between one and two and a half week after the observation study. During the inter-

view the edited video material from each observation was used with each informant respec-

tively. The informants where asked to express their feelings in the situations in the videos to 

remember the situations better. This was done with help from the Geneva emotion wheel (Li 

& Mao, 2012). The informants were asked about what they were doing, thinking and focusing 

on in the situation. This was done to get an understanding of the information needs and the 

goals. Further, one question was asked about what functions, or Object Related Processes, 

from the WDA that were used in the different situations. To assure the quality of the material, 

the informants were asked if they recognized the different functions defined in advance and if 

any function was missing. The interviews were voice recorded. 

3.2.5 Interviews CAT 

Two weeks after the interviews with the video material an additional one and a half hour in-

terview with all four drivers took place. The participants were asked to grade on a three-

graded scale from zero to two how much all the different functions, or Object Related Pro-

cesses as they are named in the Abstraction Hierarchy, were used in the defined situations. 

The grade two means that the function is typically occurring in the situations, which represent 

a circle and a bar in the CAT (Jenkins et al., 2009). A function that can occur was given the 

grade one, which is a dotted box in the CAT, and the grade zero means the function is not 

used in the situation (Jenkins et al., 2009). Two of the participants conducted the first half of 

the list with functions and two participants conducted the second half, giving two opinions for 

each activity. 

3.2.6 Telephone interviews 

The telephone interviews were structured interviews, because the information needed was 

precisely defined as it served as validation of the Contextual Activity Template and to add 

missing information. When the information was missing an activity, as a result of changes in 

the included situations or how the situation were defined, the question if a function can occur 

in a situation was asked. If that was the case the informants were asked if the function was 

usually occurring in the situation. A function is what a Physical Object is for from the Object 

Related Processes level in the Abstraction Hierarchy. The same questions were asked for ac-

tivities where the results since before were ambiguous. 

3.2.7 Interviews situation frequency 

The ten long haulage drivers were asked questions about how large percent of their working 

day the identified situations occurred in average. Also two questions about what situation they 

found important and if there was any problem in any situation was asked, see Appendix four. 

The participants were asked to estimate the percent of the total working time spent in different 

situations. To facilitate for the participants to give correct information, the questions were 

asked e.g. first how much driving they do on highways and then they were asked to split that 

percent into high and low traffic. To further facilitate the interview their total working time 

and driving time where asked for in order to calculate what percent of their time they were 

driving, and then split that into highway, country road and urban driving. Further, how many 
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minutes/day of their total working time one percent is equal to was calculated to facilitate 

answering questions of more uncommon situations. 

3.3 Procedure to conduct the analyses 

Here the procedures to conduct the analyses are described. First, in section 3.3.1, is presented 

how to create the Abstraction Hierarchy within the Work Domain Analysis and in section 

3.3.2 the CAT within the Cognitive Task Analysis is shown. Section 3.3.3 contains a descrip-

tion about how to go from analysis to design. 

3.3.1 Create the Abstraction hierarchy (AH) 

For the Work Domain Analysis (WDA) an Abstraction Hierarchy (AH) was conducted for the 

values Effectivity & Efficiency, Safety and Comfort. A more general AH was already con-

ducted before this thesis started by interviews with drivers and engineers. The AH was further 

conducted from the material from the interview with the senior technical adviser and the ex-

perienced driver. Also information from the observations and the following interviews were 

used to further develop the AH. It was done in an iterative process, were the AH was updated 

between the interviews. Discussions and working meetings were held with the Cognitive Er-

gonomic team at Scania to discuss how to model the information collected during the inter-

views. 

The system decompositions are also described in the AH and were done at the same time as 

the abstraction decomposition. The system decomposition is illustrated as smaller boxes in-

side the box for the higher-level system decomposition, see Appendix 5. 

3.3.2 The Contextual Activity Template (CAT) 

For the Control Task Analysis (ConTA) a Contextual Activity Template (CAT) describing the 

activities, meaning functions occurring in different situations, was conducted. The data was 

collected through the observation study and with additional interviews with drivers, as de-

scribed in section 3.2. The Control Task Analysis was conducted in an iterative manner, by 

bringing the results back to the participants to further develop the understanding of the sys-

tem. After the one and a half hour interview with all four drivers from the observation study 

some situations were added and merged together during the development of the CAT. The 

two-hour interview with the experienced long haulage driver was conducted after the results 

from the interviews of the four Scania Transport Laboratory drivers were analyzed. After that 

further development of the CAT was conducted with the information from the interview with 

the experienced long haulage driver and the telephone interviews with the four Scania 

Transport Laboratory drivers. This iterative process was also used to validate the combining 

of information from the interviews with the information from the data collection during the 

WDA phase.  

The Object Related Processes from the second lowest level in the AH is in the CAT called 

functions and it is placed on each row, see figure 8. The columns in the CAT contain the situ-

ations identified from the observations. For functions that clearly could not occur in a situa-

tion, for example the function cargo manipulation in the situation highway driving, a zero was 

placed in that row and column. This was done to reduce the questions to answer during the 

interviews with the four drivers. 
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Figure 8 A part of the Contextual Activity Template showing the placement of the functions 

and the situations.  

The information from the interviews was combined with the information of the observations, 

the video material and interviews conducted with drivers when watching the video material, 

described in chapter 3.2.2 – 3.2.4. To ensure the accuracy after this work one additional two-

hour interview with the experienced driver from the first driver interview was conducted. 

Here also some additional information about some parts of the CAT was achieved to finish it. 

The functions that usually occur in a situation has the score two and the functions that can 

occur in a situation has the score one, found inside the dotted boxes in figure 8. 

3.3.3 How to move from analysis to design 

The activities were prioritized according to their probability and severity, using the infor-

mation from the CAT, a way to score the nodes in the Abstraction Hierarchy from Birrell et 

al. (2011) and ten additional half an hour structured interviews with long haulage drivers from 

different trucker companies. 

Situation frequency 

A function that usually occurs in a situation is just usually occurring in general if the situation 

is common for a long haulage driver. This information was found by asking ten long haulage 

drivers from different truck companies about how long part of their working time the identi-

fied situations lasted. The mean percentage of the time for the situations where calculated, 

which was from 0 to 35.5 percent. The results were then transferred to a scale from 0.5 to 4.5, 

or 1 to 9 with the weightings of 0.5, to make the results comparable to the functions priorities 

to be able to calculate the activity priorities (see coming chapters). This is described in table 

7. 
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Table 6 Transferring the percent of working time to a frequency score for the different situa-

tions. 

Score Percent of working time 

0.5 0 to 3,94 

1.0 3,95 to 7,89 

1.5 7,90 to 11,83 

2.0 11,84 to 15.78 

2.5 15.79 to 19.72 

3.0 19.73 to 23.67 

3.5 23.68 to 27.61 

4.0 27.62 to 31.56 

4.5 31.57 to 35.5 

Function priority 

The function priorities are found by scoring the nodes in the WDA using a method from 

Birrell et al., (2011), described in chapter 2.2.6. What is called functions here in the CAT are 

the nodes in the second lowest level of the AH, the Object Related Processes. The nodes at the 

top three levels in the AH was scored as at low, medium or high priority by using the 

knowledge of the system achieved through the data collection, in the same way as Birrell et 

al. (2011). The scores of the nodes on the Object Related Processes level were calculated by 

how many mean-end links there were to high, medium and low priority nodes at the Purpose 

Related Functions level, as done by Birrell et al. (2011) and described in chapter 2.2.6. A link 

to a high priority node gave nine points, medium three points and low priority one point. High 

priority was given to Object Related Processes with a total of 13 or more than 13 points, sev-

en to twelve points gave the Object Related Process medium priority and one to six points 

gave low priority, see table 6. 

Table 7 Score intervals for high, medium and low priority for Object Related Processes 

(Birrell et al., 2011). 

Priority of Object Related Process Score from the nodes in AH 

High priority Score ≥ 13 

Medium priority 7≤ Score ≥12 

Low priority Score ≤ 6 
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An Object Related Process with mean-end links to for example one high and one medium 

priority Purpose Related Function got twelve points (nine plus three), meaning that an Object 

Related Process has medium priority, see figure 9. 

Figure 9 Example on how to calculate the score in the Object Related Processes. 

The score for all Object Related Processes were calculated in the same way as the example 

above. 

Activity priority 

An activity is defined here as a function occurring in a specific situation, for example gear 

shifting in junction or overtaking a truck during highway driving. To go from the priority of 

the functions to priority of the activities in what situations the functions were used were con-

sidered. From the interviews with the drivers about in what situations the functions were used, 

and described in the CAT, is information of function frequency in the situations. To know if 

an activity usually involves a high priority function that should be a high priority, it is im-

portant to also consider how often the situations occur. Even though the function is important 

and usually occurs in the situation it may not be worth further development if the situation 

where the function occurs is very uncommon. How common the different situations are were 

given from the interviews with ten long haulage drivers at Stockholm Truck Meet 2013. 

How to calculate the activity priority is describes as 

                 

with                                             

                                     and                         

To get the same impact from the priority and the frequency on how important the activities 

are, the maximum priority score should be the same as the total maximum frequency score 
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(function frequency in situation together with situation frequency). The function priority score 

is, as from Birrell et al., (2011), from one to nine for low to high priority. The function fre-

quency in situations is from zero to two from the CAT. Therefore the situation frequencies are 

scored on a scale from one to nine, but with the weighting of 0.5. This makes the maximum 

frequency score a nine, which is the same as the maximum priority score.  

Identifying design solutions 

From the situation frequency, Function frequency in situation and Function priority, the activ-

ity priority was found. The five situations with the highest prioritized activities were chosen 

for further evaluation for design seeds. These activities, ordered by situation, were further 

evaluated with the information from the observation study, talk out loud and interviews with 

the video material (data collection occasion two, three and four) to find what technical sys-

tems supporting the activities and their limitations. 
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4 Results and analysis 

In this chapter the results and analyses for the Work Domain Analysis and Control Task 

Analysis and how to move from these analyses to design are described. 

4.1 Work Domain Analysis 

The systems Functional Purpose Goods Distribution via Road Transportation is identified as 

consisting of the following Values and Priorities: 1) Effectivity and Efficiency, 2) Safety, 3) 

Comfort, 4) Laws/regulations, 5) Reputation, and 6) Organizational Regulations. The Ab-

straction Hierarchy (AH) is completed for the first three Values and Priorities listed above due 

to limitations of the study, see Appendix five. In total the AH includes 341 nodes (40 at the 

Purpose Related Functions level, 74 at the Object Related Processes level, and 211 at the 

Physical Objects level). What the name on the nodes mean is described in Appendix six. 

4.1.1 Values and Priorities 

The Values and Priorities included in the study, Effectivity and Efficiency, Safety and Com-

fort, is here described and illustrated with examples of means-end links from the AH, for the 

entire picture, see Appendix five. 

 Effectivity and Efficiency  

 Safety 

 Comfort 

The value Effectivity and Efficiency 

The value Effectivity and Efficiency is system decomposed of Efficient Relocation and Work 

and Cargo Transportation. The first part includes the actual relocation and to do this efficient-

ly, the second part includes everything related to the ability to transport the cargo. The actual 

relocation or driving is included in Efficient Relocation with the Purpose Related Functions; 

Location, Vehicle control, Visual observation, Awareness, Fuel efficiency, Road holding, 

Logistical Planning, Other road users awareness of the system (truck and driver) and Good 

(Gentle, Forbearing) Driving. Good (Gentle, Forbearing) Driving was added after data collec-

tion occasion two. The experienced long haulage driver meant that what is really important 

during driving is foresight and look ahead and drive gentle. This is important to save fuel 

(therefore it contributes to the Value and Priority Effectivity and Efficiency) but also to avoid 

accidents, to not wear out the truck and for comfort. For example slowing down before a junc-

tion with a red traffic light could avoid a full stop, which will save fuel. During the talk out 

load in the observation study (data collection occasion three) it was also seen that by observ-

ing the behavior of cars far away in front to see if they are braking, drivers can earlier discov-

er if there is an obstacle and give them longer time to slow down. 

Visual Observation and Logistical Planning also contribute to the Value Work and Cargo 

Transportation together with Cargo Transport, Cargo Safety and Loading/Unloading, meaning 

everything related to being able to transport the cargo and the work around it is included in 

Work and Cargo Transportation, see figure 10. 
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Figure 10 The nodes on the three top levels in the Abstraction Hierarchy that are connected 

to the Value Effectivity and Efficiency. 

Figure 10 only shows the top three levels of the Abstraction Hierarchy and only those nodes 

connected to the Value Effectivity and Efficiency. Nodes on the two lower levels that are 

connected to the Purpose Related Function Visual Observation are shown in figure 11. For the 

entire Abstraction Hierarchy for the Functional Purpose Goods Distribution via Road Trans-

portation see Appendix five. 
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Figure 11 A part of the Abstraction Hierarchy only including nodes connected to the Purpose 

Related Function Visual Observation. 

The Object Related Processes contributing to the Purpose Related Function Visual Observa-

tion is Light and Visibility. Light comes from the Electricity and Visibility from Driver, Ex-

ternal factors, Infotainment systems, Object related to seeing (for example mirrors), Lighting 

and the Instrument cluster. For a more detailed picture with system decompositions for some 

of the Physical Objects see the entire Abstraction Hierarchy at Appendix five. 

The value Safety 

The system decomposition of the value Safety is; Safety When Standing Still, Crash Avoid-

ance, Truck Sustainability, Crash Safety and Injury-free Work, see figure 12. For Truck Sus-

tainability just truck safety is considered, but for the other parts of the value Safety, safety for 

the driver, other road users, the truck as well as the trailer and cargo are included. 
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Figure 12 A part of the Abstraction Hierarchy with the Purpose Related Functions contrib-

uting to Safety. 

The system decomposition for the Value Safety When Standing Still is Breakdown/Failure, 

Parking and Loading/Unloading. The Purpose Related Functions contribution to the Value 

Safety When Standing Still are; Security, Awareness, Other Road Users Awareness of the 

System (Truck and Driver), Truck Standing Still and Assistability.  

Crash Avoidance is decomposed into Dynamic Obstacle Avoidance and Static Obstacle 

Avoidance, where running into another vehicle or moving object is included in the first one. 

Running into a static object is included in the second one, together with driving off the road 

and running into something causing an accident. If running out of the road does not cause an 

accident it could be more seen as an efficiency or reputation problem. The Purpose Related 

Functions contribution to the Value Crash Avoidance are; Awareness, Workload Reduction, 

Alertness, Vehicle control (Driving) (Maintaining field of safe travel), Other Road Users 

Awareness of the System (Truck and Driver), Visual Observation, Good (Gentle, Forbearing) 

Driving. 

The Value Truck sustainability is connected with mean-end links to the Purpose Related 

Functions Awareness, Maintenance and Good (Gentle, Forbearing) Driving. Robustness, 

Assistability and Crash Protection are the Purpose related functions contributing to the Value 

Crash Safety. The Value Injury-free Work is connected by mean-end links to the Purpose Re-

lated Functions Awareness, Workload Reduction, Alertness, Cab/Truck Access, Minimizing 

Noise, Climate/Temperature and Seating.  

For the entire Abstraction Hierarchy with nodes on all five levels see Appendix five. Here is 

an example of how the warning triangle and safety vest contribute to the system Functional 

Purpose.  
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A system breakdown or failure could lead to a stop right on highway with other traffic fast 

passing by. This is a safety critical situation because of the risk of another vehicle running 

into the truck or the driver walking around the truck. Here visibility of vehicle to outside 

world and the communication of danger to other road users is important. The physical objects 

Safety vest, Warning triangle and Hazard light contribute to the Object Related Process 

Communication’s system decomposition Communication Danger. Communicating Danger 

contributes to the Purpose Related Function Other Road Users Awareness of the System 

(Truck and Driver), which contributes to the Value Safety When Standing Still during Break-

down/Failure, which in turn contributes to the Functional Purpose of the system Goods Dis-

tribution Via Road Transportation, see figure 13.  

 

Figure 13 Part of the AH describing how the warning triangle and safety vest contribute to 

the system purpose. 

The value Comfort 

The purpose related functions contributing to the Value Comfort are Climate/Temperature, 

Seating, Minimizing Noise and Good (Gentle, Forbearing) Driving, see figure 14.  
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Figure 14 Example from the Abstraction Hierarchy with the Purpose Related Functions con-

tributing to Comfort. 

Seating has the Object Related Process of Physical Positioning and Support of the driver, 

which is achieved with the chair, steering wheel adjustments and the suspension system, see 

figure 15. 
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Figure 15 Example from the Abstraction Hierarchy showing the nodes with mean-end links to 

Physical Positioning and Support. 

Climate/Temperature is achieved by heating or cooling, which electricity is used for and also 

the climate controls and also the chair and White smoke limiter can be used for this. Minimiz-

ing Noise is supported by noise isolation, which consists of noise reducing material in the cab 

and windows with double glass. Good (Gentle, Forbearing) Driving is achieved by a lot of 

Object Related Processes, one example is Information About Traffic Situations that is sup-

ported by the objects related to seeing and the infotainment system giving this kind of infor-

mation to the driver. The three examples above can be seen in the Abstraction Hierarchy in 

Appendix five. 

4.1.2 Purpose Related Functions 

The Values and Priorities in the system, 1) Effectivity and Efficiency, 2) Safety and 3) Com-

fort, are achieved through the Purpose Related Functions listed below. In the left column are 

the names of the Purpose Related Functions, in the right column is what Values and Priorities 

they contribute to, see table 8. 
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Table 8 The Purpose Related Functions in the Abstraction Hierarchy to the right and to the 

left what Value and Priorities the Purpose Related Functions contributes to.  

Purpose Related Function Contribute the Value and Priority 

Relocation Effectivity and Efficiency 

Fuel Efficiency Effectivity and Efficiency 

Cargo Transport Effectivity and Efficiency 

Road Holding Effectivity and Efficiency 

Logistical Planning Effectivity and Efficiency 

Security Safety 

Loading/Unloading Effectivity and Efficiency 

Workload Reduction Safety 

Awareness Safety, Effectivity and Efficiency 

Alertness Safety 

Vehicle Control (Driving) (Maintaining Field 

of Safe Travel) 

Safety, Effectivity and Efficiency 

Other Road Users Awareness of the System 

(Truck and Driver) 

Safety, Effectivity and Efficiency 

Visual Observation Safety, Effectivity and Efficiency 

Truck Standing Still Safety 

Cab/Truck Access Safety 

Maintenance Safety, Effectivity and Efficiency 

Good (Gentle, Forbearing) Driving Effectivity and Efficiency, Safety, Comfort 

Robustness Safety 

Assistability Safety 

Minimizing Noise Safety, Comfort 

Climate/Temperature Safety, Comfort 

Seating Safety, Comfort 

Crash Protection Safety 
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4.1.3 Object Related Processes and Physical Objects 

The lowest two levels of the Abstraction Hierarchy contains the Object Related Processes and 

Physical Objects contribution to the Values and Priorities Effectivity and Efficiency, Safety 

and Comfort, see Appendix five for the Abstraction Hierarchy and Appendix six for a descrip-

tion of the nodes. 

4.2 The Control Task Analysis 

During the Control Task Analysis (ConTA) phase, situations occurring while driving were 

identified. Also the functions or Object Related Processes as called in the Work Domain 

Analysis, used in these situations were identified during the ConTA phase. These results are 

described in this section.  

4.2.1 Identified situations 

For the situations identified during the observations (data collection occasion two) see table 9. 

In the right column are situations that are included in the situation to the left. Also other situa-

tions can occur in the same time, for example driving in convoy and highway driving. 

Table 9 Situations that occur while driving identified during the observation study. 

Situations occuring while driving 

Highway 

Highway Low traffic 

Highway High traffic 

Highway, lane change 

Country road 
Country road low traffic 

Country road high traffic 

Urban driving 
Urban driving low traffic 

Urban driving high traffic 

Being overtaken of truck/bus   

Overtaking other vehicle   

Car driving close in front   

Car driving close back truck   

Driving in convoy 
Driving in convoy (first) 

Driving in convoy (follow) 
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Park   

Break during the way   

Sleep in truck   

Hills   

Slippery road   

Bad visability   

Windy   

Road work   

Traffic jam   

Start and end of shift (inkluding 

get and load trailer)   

Wash truck   

Junctions 
Junctions with traffic light 

Junctions without traffic light 

Roundabouts   

Obstacles   

Ferry (including driving on/off)   

Refuel   

Change trailer with other truck   

Truck break down   

Stop because of accident   

Accident (first there)   

Accident (involved)   

Truck stolen   

Driving tunnel   

Driving under low bridge   
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4.2.2 The Contextual Activity Template 

The Contextual Activity Template (CAT) contains 42 situations and 52 functions. The CAT 

visualizes which functions occurring in the different situations, divided by situations that are 

usually occurring and which can occur in the situations. 994 activities (functions used in situa-

tions) are identified that usually occurs and 440 activities that can occur are identified. Also 

697 combinations of functions and situations are identified that does not occur. In the CAT 

the activities that usually occur are visualized with the number two and the activities that can 

occur are visualized by the number one. Figure 16 shows a part of the CAT as an example, for 

all information see Appendix 7. In the example the CAT Score are the numbers inside the 

dotted box. The activity priority score, next to the CAT Score, the function priority score and 

the situation frequency score will be explained in chapter 4.3.3. 

 

Figure 16 A part of the Contextual Activity Template (CAT). 

4.3 From analysis to design 

In this section the results from the prioritizing of situation, functions and activities are pre-

sented in order to understand what to look more into to find possibilities for enhancing system 

performance. 

4.3.1 Important and common situations 

The ten drivers interviewed at Stockholm Truck Meet 2013 estimated how large part of their 

working days they generally spent in different situations. The most common situations were 

driving on country roads, driving on slippery roads, highway driving, the start and end of the 

trip and driving in hills, see table 10. For the complete list of situations and the percent of 

working day see Appendix eight. 
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Table 10 The five most common situations from more to less part of the working day 

1 Country road driving 

2 Driving on Slippery road 

3 Highway driving 

4 Start and end of shift (including get and load trailer) 

5 Driving in hills 

When asked what situation is important or where there is a problem, six out of the ten long 

haulage drivers mentioned cars changing back to the right lane too early in front of the truck 

as one of the most or the most common problem when driving long haulage. One driver said 

“Cars change lane too close in front of the truck. They can overtake, but they change back to 

the right lane too early. The situation becomes critical.” One other driver said “They think you 

have left some space for them, but really it is the space you need to the vehicle in front”. Just 

one driver mentioned the cars driving close back the truck as a problem. He meant that it is 

annoying because it is hard to see a small car behind you if it drives to close. A way to see the 

car behind you is to turn from one side to the other within the lane.   

Most of the drivers sometimes slept in the truck, but one of the drivers spent every night there. 

On the question on what is most important he said “Comfort in truck, driving and sleeping. It 

is a workplace and a home”. 

Two of the drivers talked about the risk of staying overnight at small truck stops or parking 

lots because of diesel thefts. One of them would not even stop at a small parking area in the 

woods even though he had no more driving time. He only stayed overnight at larger truck 

stops or inside the industrial area where he delivered the trailer. 

Three drivers talked about the cars’ behaviors and that they drive to close to the trucks is 

something that causes accidents. They mentioned that the visibility of cars close to the truck is 

bad and that the car drivers do not understand this and one driver also said it happens that cars 

drives just in front of the truck in a junction without any understanding of how hard it is to 

stop and it is the same thing with people walking in small cities. 

1. Country road driving 

From interviews about the video material (data collection occasion four) it was found that 

when driving on a country road the lateral steering is important because the road is narrower. 

Therefore the drivers had an extra focus in the mirrors to see the distance to the side of the 

road. The ground on the side of the road is soft and there are no road shoulders, which mean if 

driving outside the lane the truck will sink. One of the drivers from the Scania Transport Lab 

said that when driving on a narrow country road he does not use the phone or program the 

GPS, because there is no room for wobbling and driving over the lines. It is also important to 

not drive to close to the centerline because of the oncoming traffic. Also a focus on the on-

coming traffic to make sure they are not in your lane because of overtaking or turns is re-

quired when driving on country roads. The speed is another thing mentioned during the inter-

views about the video material as something the driver focuses on when driving on country 

roads. . 
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When being overtaken on country roads the focus is on what is in front and when the overtak-

ing vehicle has changed back to the same lane, the focus is on that vehicle. One comment was 

that it is important to observe if the overtaking vehicle has time to change back lane into the 

same lane as the truck and slow down. The truck driver has to be prepared to brake if it is 

needed. There are sometimes tractors at country roads that the truck needs to overtake. If the 

truck driver drives close back the vehicle and he is about to overtake, the visibility is reduced 

and he wants to speed up before changing lane. A larger distance to the vehicle in front when 

starting the overtaking will give a higher speed when passing the vehicle, which gives a faster 

and less dangerous overtaking.  

2. Driving on slippery roads 

The drivers said during data collection occasion four that it is important to be able to stop the 

vehicle if something happens, which means if it is slippery they therefore are driving slower 

and the focus is on the road conditions. An experienced driver knows the behavior of the ve-

hicle when it is slippery and can in that way know how slippery it is and feel the limit of when 

traction is lost. One of the drivers from Scania Transport Lab said during the interviews about 

the video material (data collection occasion four) that “You feel how the truck behaves. It is 

not easy to describe but you feel the road, in the steering wheel, in the chair, in your entire 

body. You are really focused on this when it is really slippery”. Another driver said he was 

mostly driving on idle, just gave a little bit of gas when it was really slippery. Otherwise he 

would have lost traction because the truck was light loaded. With a strong engine and light 

weight you can easily accelerate too much and therefore lose traction.  

One driver said that when it is really slippery he is driving without cruise control to know 

when the wheel loses traction. Nowadays there are technical systems for that, but to do this 

manually is better or at least he trusts it more. Further, in a steep hill he changes gear manual-

ly when it is slippery. He locks the gearbox to a gear he knows the truck can drive the entire 

hill on because he means that if the truck changes gear there is a risk to get to high torque on 

the drive wheels, which could cause loss of traction.  

During the data collection occasion four it was also found that if it is slippery, in for example 

a junction, you slow down before to adjust your speed to the other traffic, because you really 

do not want to stop. It can be hard to start from standing still when it is slippery.  Therefore it 

happens that the drivers do not stop even if there is a stop sign. One driver said “you roll 

slowly in to the junctions making sure there is no traffic in your way. Drive maybe in 10 or 20 

km/h. If you make a full stop and sink down it will be hard to start, but as long as you are 

keep rolling it usually works out fine”. 

3. Highway driving 

When driving on highway entrances it is important to read and cooperate with the traffic al-

ready on the highway. Communication is important; the turning indicators are used to com-

municate driver intent. Observing the behavior of the other traffic, for example if a car is tak-

ing an exit it is maybe also slowing down and therefore it is important to be aware of being 

able to keep the distance. One other example of observing the behavior of the other traffic is 

exemplified by what one driver said “He [the car in front] has a car in front of him. I watch 

out so he does not overtake that car when I overtake him. At the same time I watch out for 

traffic coming from behind”. When driving a truck it is important to look far away in front to 

be prepared if something happens. The focus is on the other traffic. When changing lane you 

look in the rear mirror to make sure no car is there and you use the turning indicators early to 

make the cars aware of what you are doing.  
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When driving on a highway entrance you observe the traffic to adapt your speed to them, also 

depending on how long the entrance is. One driver explained:  “Here when a car is passing I 

am slowing down a little so he can pass by. I indicate early, am aware of everything and now 

change lane”. The drivers use the wide-angle mirror to see the traffic coming from behind 

before it appears in the larger rear mirror. In sharp curves in highway entrances the cargo has 

to be stable, to not loose traction. 

On a highway exit the speed control is important, because there is often a curve. The drivers 

avoid breaking when still on the highway if there is a long enough exit to break there instead, 

but the first time driving there you do not have that information. It is easy to get speed-

blinded; therefore they look at the speedometer. The speed is adjusted according to road sur-

face, road layout, cargo weight and stability. Focus is now on the exit, not on the highway. 

Traffic coming from the highway and cutting in front they see in the rear mirrors. Information 

the driver asked for that they not have today is information about the road layout, how sharp 

the curves are for example. If they have been driving the route before the drivers remember 

the curves and are adjusting the speed according to that. 

When overtaking, it is important to pass the other vehicle with the entire truck before chang-

ing back lane. This is seen in the rear mirror, but often also communicated by the truck being 

overtaken by blinking with the light beam. Changing back lane too soon is safety critical and 

if the overtaking truck waits unnecessarily long cars have to wait longer before they can over-

take the trucks. It is important to accelerate before the overtaking to have a good speed and 

change lane early to drive straight forward when passing the other truck. This is important 

especially when it is snowy to not get stuck in any snowdrift. The drivers meant it is good to 

have a warning sound if there are cars in the blind spot. Usually they see this in the mirror, but 

if missed it is good for safety. They would also like to have a camera to better see the side of 

the truck.  

When another vehicle is overtaking the placement in the lane is important, if it is possible 

they usually move somewhat to the right to give more space for overtaking. Otherwise they 

try to just keep the speed, drive straight forward and not wobble. One of the drivers said he 

would like to have information about the distance to and speed of the vehicle in front. This 

would help when a vehicle is overtaking, because if the vehicle in front drives slower the 

overtaking vehicle would slow down a lot and the distance would be fast reduced.  

4. Start and end of shift (including get and load trailer) 

In the beginning of the shift first all paper work is finished, as the ferry ticket, and the truck is 

being prepared. The driver’s log is reset and the driver is supported with information about 

how much fuel the truck has used per ten km. The steering wheel and seat are adjusted, and 

they are breathing in the alcohol lock to be able to start the truck and programming the GPS. 

When collecting the trailer the truck is reversed until the back of the truck is under the front of 

the trailer. The hand brake is released to smoother lift up the truck. A reverse camera would 

have helped when connecting the trailer. But it is not hard to connect the trailer, it is just to try 

and even if missing a little bit it will work. It is really important to lift up the truck enough to 

touch the trailer as they need to see the trailer move. Otherwise it risks to drive in to the trailer 

instead of connecting it. The stabilizer legs on the trailer are lifted up with a hand crank. The 

shoes are left on the side in the cab, not in the door where they would get wet if it starts rain-

ing. 

When driving on for example a parking lot it is important to watch out for cars and people 

walking around the truck. The drivers said they would like to have cameras showing a picture 
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and warn them if there is some obstacle close to the truck, in the blind spot. A car or someone 

walking next to the truck can be hard to see. Sometimes you have to start driving to see it. A 

reverse camera would have facilitated reversing with the trailer. When turning right it is im-

portant to look a lot at the left because the trailer can catch some sign or other obstacle. 

When parking it is important to make sure you come straight on with the trailer, the mirrors 

are used to see this. It is important to have room to take out the turn. First time parking at a 

new place the driver looks more closely, when used to park at the place one of the drivers said 

he has landmarks knowing how to steer.   

As soon as the truck is standing still the driver changes to break on the tachographs, often 

holding the hand next to the button prepared. Then the hand brake is connected. 

5. Driving in hills 

Before the hill the speed is slightly increased to make sure the truck will keep the speed to the 

top. The speed is kept up the hill and at the last bit over the top the truck is just rolling and 

keeps rolling downhill. This procedure is to save fuel. If over speeding in the down slope the 

retarder brake is used, because if using the brake paddle that control the wheel brake, the 

wheel brake would be unnecessarily worn.  

Usually the truck rolls down the entire hill to save more fuel, until the speed is down to a pre-

defined speed. The speed set for the cruise control is usually 82 km per hour, this means when 

the speed is down to 82 km per hour after the hill is when the cruise control takes back the 

control of the speed. 

There is also a hill brake which can be set to brake when you roll in a certain speed, for ex-

ample 85 km per hour. If the driver does not want to over speed the hill at all, the brake is set 

to 82 km per hour, but then the fuel saving will be reduced because less use of the potential 

energy from the hill. 

4.3.2 Function priority 

The system Functional Purpose and all three Values and Priorities included in the study were 

considered as high priority. The Purpose Related Functions were given high or medium pri-

ority according to table 11. 
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Table 11 The priorities of the Purpose Related Functions from the abstraction Hierarchy. 

High priority Purpose Related Functions Medium priority Purpose Related Functions 

Relocation Fuel Efficiency 

Cargo Transport Road holding 

Awareness Security 

Vehicle Control (Driving) (Maintaining field of safe 

travel) 
Loading/unloading 

Other Road Users Awareness of the System (Truck 

and Driver) 
Workload Reduction 

Visual Observation Alertness 

Good (Gentle, Forbearing) Driving Truck Standing Still 

Crash Protection Cab/Truck Access 

Logistical Planning Maintenance 

 Robustness 

 Assistability 

 Minimizing Noise 

 Climate/Temperature 

 Seating 

The priorities of the Purpose Related Functions, the Object Related Processes, and in the 

ConTA called functions were calculated by using the method from Birrell et al. (2011). The 

prioritizing reflects how much the functions contribute to the functional purpose of the sys-

tem, Goods Distribution via Road Transportation. The functions separated into high, medium 

and low priority are shown in table 12.  
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Table 12 High, medium and low priority functions according to the scoring of the nodes in the 

Abstraction Hierarchy using the method from Birrell et al (2011). 

High priority functions Medium priority functions Low priority functions 

Route Locomotion Cargo manipulation 

Route change Gear shifting Lockability 

Vehicle stability Place to store cargo Theft notification 

Speed stability Light Access cargo and trailer 

Obstacle avoidance speed control Connect /disconnect trailer Locatability 

Vehicle following speed control Navigate Locked to ground 

Hill speed control Emergency brake Truck upkeep 

Road layout speed control Minimizing tyre wear Physiological effects of diet 

Road surface speed control Minimize engine wear Noise isolation 

Traffic solutions speed control Traction Support laying down 

Lane placement To alert driver Support sitting 

Steering (fine, gross, lane stability) Time to (ev) obstacle impact In cab starage 

Visibility Minimizing brake pad wear SOS alarm 

Information about road situations Suspension (air) Towability 

Information about traffic situations Impact protection Cargo Stability (Other) 

Presetation of subsystems status   Heating/ cooling 

Communicate   Access area between cab and trailer 

Travel time (estimated)   Access cab 

Travel time (driven)     

The function priorities can also been seen in the Contextual Activity Template, Appendix 7, 

which the examples in figure 17 illustrate. 
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Figure 17 A part of the Contextual Activity Template showing the function priorities 

4.3.3 Activity priority 

One activity is here a function occurring in a specific situation. The activities were prioritized, 

as described in chapter 3.3.3, according to function priority, function frequency in situation 

and situation frequency, see Appendix seven and an example in figure 18. In the Appendix 

and the figure below the darker background color is representing higher priority of the activi-

ty.  

 

Figure 18 A part of the Contextual Activity Template showing the activity priority scores 

 

In table 13 to 17 below the highest priority activities in the five situations with highest priority 

activities are presented.  
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Table 13 The highest priority activities during country road driving. 

High priority activities used in the 

situation Country road 
Score 

Communicate 81 

Lane placement 81 

Obstacle avoidance speed control 81 

Presetation of subsystems status 81 

Road layout speed control 81 

Road surface speed control 81 

Route 81 

Steering (fine, gross, lane stability) 81 

Vehicle following speed control 81 

Vehicle stability 81 

Visibility 81 

 

Table 14 The highest priority activities during driving on slippery roads. 

High priority activities used in the 

situation Slippery road 
Score 

Communicate 63 

Hill speed control 63 

Information about road situations 63 

Information about traffic situations 63 

Lane placement 63 

Obstacle avoidance speed control 63 

Presetation of subsystems status 63 

Road layout speed control 63 

Road surface speed control 63 

Speed stability 63 

Steering (fine, gross, lane stability) 63 

Traffic solutions speed control 63 

Vehicle stability 63 

Visibility 63 
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Table 15 The highest priority activities during highway driving 

High priority activities used in the 

situation Highway 
Score 

Communicate 54 

Lane placement 54 

Obstacle avoidance speed control 54 

Presetation of subsystems status 54 

Road layout speed control 54 

Road surface speed control 54 

Route 54 

Speed stability 54 

Steering (fine, gross, lane stability) 54 

Vehicle following speed control 54 

Vehicle stability 54 

Visibility 54 
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Table 16 The highest priority activities used in the start and end of the shift (including get and 

load trailer) 

High priority activities used in the 

situation Start and end of shift (in-

cluding get and load trailer) 

Score 

Communicate 54 

Presetation of subsystems status 54 

Steering (fine, gross, lane stability) 54 

Vehicle stability 54 

Visibility 54 

Route 27 

Route change 27 

Connect /disconnect trailer 18 

Gear shifting 18 

Light 18 

Locomotion 18 

Minimizing brake pad wear 18 

Minimizing tyre wear 18 

Place to store cargo 18 

Suspension (air) 18 

Traction 18 
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Table 17 The highest priority activities during driving in hills 

High priority activities used in the 

situation Hills 
Score 

Communicate 45 

Hill speed control 45 

Lane placement 45 

Presetation of subsystems status 45 

Road layout speed control 45 

Road surface speed control 45 

Steering (fine, gross, lane stability) 45 

Vehicle following speed control 45 

Vehicle stability 45 

Visibility 45 
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5 Discussion 

In this chapter I discuss how the aim of this thesis is fulfilled and how the methods 

and implementation have contributed to the fulfillment.  

I begin with a recapitulation of the aim which was twofold, namely 1) to use Cogni-

tive Work Analysis to identify opportunities for enhancing human-heavy vehicle sys-

tem performance and 2) to contribute to improving the possibilities for identifying 

opportunities for enhancing system performance through the development of a meth-

od of prioritizing Activities using a Contextual Activity Template.  

The discussion will start addressing the first part of the aim discussing the identifica-

tion of opportunities for enhancing human-heavy vehicle system performance by the 

use of Cognitive Work Analysis. 

Thereafter I discuss the contribution to improve the possibilities for identifying oppor-

tunities for enhancing system performance through the development of a method of 

prioritizing Activities using a Contextual Activity Template. 

5.1 Identification of opportunities for enhancing 

      human-heavy vehicle system performance 

The Functional Purpose of the system of truck driver and truck is Goods Distribution 

via Road Transportation and this is measured by the Values and Priorities Effectivity 

& Efficiency, Safety and Comfort. This is what the lower levels in the Abstraction 

Hierarchy (AH) conducted within the first phase of the Cognitive Work Analysis 

(CWA), the Work Domain Analysis (WDA), needs to support and in the end what the 

bottom level in the AH of the Physical Objects needs to support the system of truck 

driver and truck to achieve the purpose of the system. To understand how this is sup-

ported in detail, see the AH in Appendix 5. Physical Objects that are not supporting 

the Values and Priorities in the truck driver system should be removed or not devel-

oped, because they are not contributing to a better system performance. It is important 

to remember that the three Values and Priorities Reputation, Laws/Regulations and 

Organizational Regulations are excluded in the AH. Therefore to be able to say that a 

future system should not be developed the AH should be extended to include all iden-

tified Values and Priorities first. 

In the AH developed within the first phase of the CWA it is seen that many of the 

Object Related Processes are supported by more than one set of physical objects com-

petent to carry out the required tasks. For example, speed stability and hill speed con-

trol can both be achieved through manual control by the driver, by speed control 

hardware and by automatic systems. This gives a more flexible system with better 

technical barriers (Rollenhagen, 1997). In the same way could autonomic functions 

available for the Object Related Processes Road layout speed control, Road surface 

speed control, Traffic solution speed control and lane placement and stability enhance 

system performance. 
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5.1.1 Possibilities for improvements found by activity prioritization 

In this section I discuss how the Abstraction Hierarchy and the high prioritized activi-

ties, which are the activities that should be prioritized for further development to en-

hanced truck driver system performance, contribute to design opportunities. The dis-

cussion is about what technology support the activities, the limitation of this technol-

ogy and the information requirements, in line with Salmon et al. (2007). 

The activities (functions used in a situation) were prioritized according to function 

frequency in situation, function priority and situation frequency, see chapter 3.3.3. 

The five situations with highest priority activities are; 

 Country Road Driving 

 Driving on slippery roads 

 Highway driving 

 Start and end of trip 

 Driving in hills 

Five functions from the AH are used in all of the five situations with the highest prior-

ity activities as described above. These are; 

 Communicate 

 Presentation of subsystems status 

 Steering (fine, gross, lane stability) 

 Vehicle stability 

 Visibility 

It could be worth to further develop the truck driver and the truck system to support 

these functions listed above even more. This because of positive effects from similari-

ties between the actions including these functions in the five situations also listed 

above. For example enhancing the ability to communicate on country road could also 

improve communication on highway. These activities are presented in table 18. For 

three of these activities there are examples of potential improvement of the system 

presented, marked in bold and described below.  
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Table 18 The activities occurring in the five situations with highest priority activities 

and with functions included in the high priority activities for all these five situations. 

  Country road 
Slippery 

Road 
Highway 

Start and end of 

trip 

Driving in 

hills 

Communicate 

Communicate 

when driving 

on country 

road 

Communicate 

when driving 

on slippery 

road 

Communicate 

when driving 

on highway 

Communication 

during the start  

and end of trip 

Communicate 

when driving 

on in hills 

Presentation 

of subsystems 

status 

Presentation 

of subsys-

tems status 

when driving 

on country 

road 

Presentation 

of subsys-

tems status 

when driving 

on slippery 

road 

Presentation 

of subsystems 

status when 

driving on 

highway 

Presentation of 

subsystems 

status during 

the start  and 

end of trip 

Presentation 

of subsys-

tems status 

when driving 

on in hills 

Steering 

(fine, gross, 

lane stability) 

Steering 

(fine, gross, 

lane stabil-

ity) when 

driving on 

country road 

Steering 

(fine, gross, 

lane stability) 

when driving 

on slippery 

road 

Steering (fine, 

gross, lane 

stability) when 

driving on 

highway 

Steering (fine, 

gross, lane 

stability) during 

the start  and 

end of trip 

Steering 

(fine, gross, 

lane stability) 

when driving 

on in hills 

Stability 

Stability 

when driving 

on country 

road 

Stability 

when driving 

on slippery 

road 

Stability when 

driving on 

highway 

Stability during 

the start  and 

end of trip 

Stability 

when driving 

on in hills 

Visibility 

Visibility 

when driving 

on country 

road 

Visibility 

when driving 

on slippery 

road 

Visibility 

when driving 

on highway 

Visibility dur-

ing the start  

and end of trip 

Visibility 

when driving 

on in hills 

The three activities identified in table 18 are commented below: 

 Communicate when driving on highway - information about what lane the 

other trucks in the same Convoy are in or and what highway exit or entrance 

they take could improve system performance. 

One of the high score activities is communicating when driving on a country road. In 

communication both communication driver intent, danger and vehicle status are in-

cluded. This is supported by the turning indicators, breaking lights and reversing 

lights to communicate driver intent and the warning equipment as the warning triangle 

and the hazard light are for communication danger. Communicating vehicle status is 

supported by the remote diagnostics that send information about vehicle conditions to 

the workshop before arriving. The telephone is used for communication with other 

truck drivers, both for warning and driver intent. Communicating when driving on a 

highway is a lot the same as when driving on a country road. When there is more traf-

fic and merging lanes and incoming traffic on highway entrances the communication 

of driver intent with the indicators are important. Also communication with the tele-
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phone during special traffic conditions where alternative routes are required. For ex-

ample ,the Scania Transport Lab drivers (data collection occasion two) did call each 

other during the observation study when there was a traffic jam in Hamburg. The 

driver called the truck driver some hours behind and warned about the traffic situation 

and the driver in front to ask what alternative route he planned to take. Because of the 

many cars cutting in front, the distance to the truck the driver wanted to follow in-

creased until he could not see which exit he took   and that is why he needed to call. 

Both truck drivers also did other calls during this time, making it harder to reach each 

other. Here information about what lane the other trucks in the same convoy are in or 

and what highway exit or entrance they take helps. 

 Steering (fine, gross, lane stability) when driving on country road – technical 

support for lane stability/placement could enable the driver to conduct other, 

for example route planning, activities. 

From the interviews about the video material (data collection occasion four) it was 

found that lane placement is especially important during country road driving when 

the road is narrow and there is just a small or no road shoulder and this, together with 

steering and lane stability at country roads, are high score activities. If driving outside 

the lane it is a risk for either driving out on the soft ground at the side of the road and 

tilt or drive into the oncoming traffic. The objects in the system supporting this are the 

steering wheel together with the driver. Because of the less room for wobbling one of 

the drivers from the Scania Transport Laboratory meant that he does not use the 

phone or program the GPS when driving on a narrow road. If the driver needs to call 

someone to for example ask about the route or change the route in the GPS and is 

driving on a narrow country road, he would probably not like to stop somewhere an-

yway. Because of the tight time schedule, even more tight if he has been driving in the 

wrong direction or have to change to an alternative route, and because it can be hard 

to find a place to stop at right the way. This means that some drivers probably are 

taking the risk of using the phone and programming the GPS even when there is less 

room for wobbling, which is safety critical in this situation. Therefore there is a limi-

tation of the steering wheel that if the driver has to pay attention to somewhere else, 

the performance is decreasing. A technical system supporting the lane placement 

when driving on narrow country roads when the driver is occupied with other tasks, 

for example route planning would enhance the safety. 
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 Visibility when driving on highway – information about the road surface and 

road layout could enhance system performance. 

Road layout speed control on country roads is also one high priority activity. It is the 

driver adjusting the speed according to the road layout, for example curves, with sup-

port from the speed control hardware. Often the foot pedals are not used, the cruise 

control is on the steering wheel and so is also the retarder brake control, which both 

are often used technical systems. One limitation of the technical systems supporting 

the driver to adjust the speed according to road layout on country roads is that they 

provide no information of for example the upcoming curves. It is up to the driver to be 

informed about the road layout. For sharp curves it can be warning signs before, in 

some places you can expect a sharp curve (for example after a highway exit on and 

old highway, from data collection four) or the driver can remember the road layout if 

been driving the route before. When driving a new route, information to the driver 

about upcoming curves or something else that would require the truck to slow down 

or a system automatically decreasing the speed when needed, would enhance system 

performance. During the interviews about the videos (data collection occasion four) it 

was mentioned by the drivers that information required when driving should be about 

the road surface and layout. It was also mentioned that the speed is moreover adjusted 

to road layout also to road surface; therefore information about this could also en-

hance system performance.  

5.2  The use of Cognitive Work Analysis for identifying 

design solution 

Before the Work Domain Analysis (WDA) an Abstraction Hierarchy (AH) was con-

ducted, which contributed to the understanding of the system of truck driver and truck 

and made it possible to describe it concretely. The AH conducted here was detailed as 

the system of truck driver and truck had a high level of complexity, which made it 

somewhat hard to understand by looking fast through it. This correspond to what 

Stanton et al. (2005) said about the CWA outputs being large and hard to present. 

Nevertheless it was very useful to conduct before the later phases in the WDA, be-

cause then this understanding of the system is required. Therefore this approach was 

valuable even if it required a high amount of time, also mentioned by Stanton et al. 

(2005), because it gave the necessary understanding of the working domain. All use-

ful information about the system to be able to improve it is not however considered in 

the WDA, but that information was considered in later stages of the Cognitive Work 

Analysis (CWA). But there is potential to find possibilities to enhance systems per-

formance directly from the AH because if what the user wants to achieve is not sup-

ported by the technical components this will show up in the AH by higher level nodes 

not being connected to any lower level. The same applies to objects not contributing 

to what the systems is intended for as there will not be any mean-end links to higher 

level nodes.  

As AH fast becomes large and complex it was hard to just ask the informants to add 

information to it. But by describing what I was intending to achieve by the analysis 

and ask questions about the different levels but with other words it worked well to 

achieve the information needed. That information was then translated into the AH and 
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then brought back to the informants for validation. This iterative process suited the 

purpose very well and is probably required to be able to achieve all needed infor-

mation.  

Further, there is no sharp distinction in time between the Work Domain Analysis 

(WDA) and the second phase of Cognitive Work Analysis (CWA) and the Control 

Task Analysis (ConTA). The data collection for the second phase contributed to a 

deeper understanding of the system of truck driver and truck, which enables further 

development of the AH. On the basis of Contextual Activity Template (CAT), devel-

oped within the ConTA, situations occurring while driving were identified. The CAT 

shows what functions occurring in what situation, and if the function can occur or are 

usually occurring. Because no situations or tasks are represented in the previous phase 

of CWA (the WDA) the ConTA gave a better understanding of the system. When the 

Object Related Functions from the WDA, now called functions, were mapped to the 

situations, it gave a more comprehensive picture of the system where it is easier to see 

what is actually going on. 

To know which functions that can occur and are usually occurring in the situations is 

not enough to choose what activities to focus on for further analysis to find possible 

improvements for design solutions. Because even if a function is usually occurring in 

a situation it is not known how much this function contributes to system performance 

and if the situation is occurring often enough to be prioritized in system development. 

These were therefore added to the information from the CAT to find areas for possible 

improvement for system performance. 

The method for function priority developed by Birrell et al. (2011) were used to prior-

itize the Purpose Related Functions and from that the Functions in the Contextual Ac-

tivity Template, or Object Related Processes in the Abstraction Hierarchy. The Pur-

pose Related Functions that are critical for system performance, either for the Values 

and Priorities Effectivity and Efficiency, Safety or Comfort are prioritized as High 

priority, the remaining Purpose Related Functions were given medium priority. This 

was because no Purpose Related Functions were unimportant enough to be given low 

priority and Birrell et al. (2011) also gave all Purpose Related Functions high or me-

dium priority. Relocation is the ability to move to a new place, which is a lot of what 

transport is about, therefore it was given high priority.  

The Functions were given priorities according to how they are connected to the Pur-

pose Related Functions, as done by Birrell et al. (2011). It was useful in this study and 

the priorities correspond to the impression from the observations and interviews. But 

some priorities are not as expected, as the medium priority on the function Locomo-

tion. It is very critical for the Functional Purpose Goods Distribution via Road Trans-

portation that the truck is actually moving, which makes it seem like a high priority 

would make more sense. The reason for the low score on Locomotion (twelve) is that 

Locomotion just contribute to the Purpose Related Functions Relocation and Fuel 

Efficiency, where the latter one has medium priority and gives the score three. Even 

though Locomotion has a major contribution to Relocation it does not influence the 

priority. Otherwise the priorities are agreeing with the impression from the data col-

lections. 
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5.3  The development of a method for activity prioriti-

zation 

As Grimvall et al. (2003) claim, one way to consider risks is to multiply the severity 

of an accident with the probability of that accident. When choosing parts of the sys-

tem for further development, the risk for bad consequences and the effect on system 

performance should be considered. If a function is critical for the system, Functional 

Purpose, Values and Priorities are functions that are important to prioritize during 

further development of the system only if this function is occurring reasonable often. 

A function that is usually used and affects for example comfort or safety in a situation 

that almost never occur should not be prioritized before an activity with a slighter less 

important function but occurring in a much more common situation. Therefore to find 

what activities to prioritize in development of the system these aspects should be 

combined. If a function usually occur, can occur or does not occur in a situation is 

combined with the frequency of this situation and the priority of the function. The 

priorities of the functions represent how critical the function is for the Functional Pur-

pose of the system. How often the function occurs in the situation together with how 

common the situation is represents the severity. When the activities are prioritized the 

high priority activities should be further investigated to see the probability for system 

failure, what technology supporting the user in the situation and if the information 

requirements are satisfied. 

5.3.1 Situation frequencies 

It is hard to express how large amount of the working time, from zero to one hundred 

you are in the situation, especially if the situation is rare or just occurring a short 

amount of time each time. To facilitate this, as described in chapter 3.2.7, the inter-

viewer helped the informant to calculate how many minutes per day one percent is 

and to calculate the percent from parts or hours of one average working day. This 

worked out well and the needed information was achieved. The required amount of 

time to ask all questions where about 30 minutes with each driver, which is a fairly 

high amount of time. Therefore it was not possible to collect data from more than the 

ten drivers. 

The drivers were working in Sweden and Norway, but also Finland and other Europe-

an countries. This affected the result of how often different situations occurred. In 

Norway there are a lot of hills and tunnels, and Norway and the north of Sweden does 

not have a high amount of highways. Also that the drives had experience from mostly 

north Europe increased the amount of slippery roads and where you drive also affect 

how much time spent driving in high and low traffic. All drivers participating in the 

interview were long haulage drivers because the study was limited to that section. 

This was important during this interview because the situations occurring for a con-

struction driver probably is very different and also how often the situations occur will 

be different if driving distribution within a city.  

Instead of interviewing drivers about how often the different situations occur the data 

from the observation study could have been used. But then the data collection would 

have been limited to one Truck Company and one route, which is too narrow to give 

sufficient information. Because then what situations special for that route will get too 
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high, and other situations too low, frequency score. It was the same reason for not 

interviewing the Scania Transport Lab drivers for this part of the data collection but 

instead use long haulage drivers from different truck companies.  

5.3.2 Method for function priority  

In the method for function priority developed by Birrell et al. (2011) it is a large dif-

ference between the points given for a mean-end link to a high priority function and a 

medium priority function, nine compared to three (and one point for a low priority). 

When deciding what priority to give to the Purpose Related Functions it was some-

times hard to choose between medium and high priority, because it felt as the Purpose 

Related Function was somewhere in between. The choice between medium and high 

priority had a large impact on the result of function and therefore also activity priority. 

Maybe it is better with a scale that is linear instead to decrease the difference between 

the levels of priority. How the decisions for the uncertain nodes influenced the priori-

ties at the Object Related Processes level were evaluated and the results are consid-

ered to be of sufficient reliability using this method.  

In the Abstraction Hierarchy different mean-end links contribute in different degree to 

the nodes they are connected to. For example both the Object Related Processes Lo-

comotion and Route contribute the Purpose Related Function Relocation. This gives 

both Locomotion and Route nine points from that connection even though Route con-

tribute just in a sufficient degree to Relocation, because if moving to a new place it is 

good to have a planned route to get there, and Locomotion is critical. If there is no 

Locomotion there will be no Relocation at all. This could be considered in the analy-

sis and it could be visualized by different thickness on the lines for the mean-end links 

in the Abstraction Hierarchy. For example: contributes a little, medium and a lot, or 

just two different levels of contribution. One other way to address this issue could be 

to give the Purpose Related Functions a number of points, depending on their priority, 

to divide between all the Object Related Functions contributing to that Purpose Relat-

ed Function depending on how much they contribute to the connected nodes. For ex-

ample, the nine points from Relocation could be divided into for example seven to 

Locomotion and two to Route. But both these methods would imply quite a lot of 

work to prioritize the mean-end links in addition to the work just to identify them, 

therefore it was not worth that effort in this study. 

5.3.3 Activity Score 

To find the activity score the priority of the function, the frequency of the situation 

and if the function usually occur, can occur or does not occur in a situation where 

combined. The contribution to the activity score from a high frequency of the function 

and a high priority of the function where chosen to be equal, see table 19. The fre-

quency of the function is seen as the situation frequency multiplied with the score 

from the Contextual Activity Template, which means how commonly the function is 

used in the situation. 
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Table 19 The highest score for Function priority and Function frequency, where the 

latter consist of situation frequency multiplied with Function frequency in situation. 

  
Highest 

score 
  

Highest 

score 

Function priority 9 Function priority 9 

Situation frequency 4.5 
Function 

frequency 
9 

Function frequency in 

situation 
2 

5.3.4 How to choose the situations 

The situations with the highest scored activities were chosen for further evaluation for 

possible design solutions to enhance truck driver system performance. These situa-

tions were country road driving, driving on slippery roads, highway driving, driving in 

hills, and the start and end of shift. When the ten long haulage drivers at Stockholm 

Truck Meet 2013 (data collection occasion seven) were asked in what situation there 

are problems occurring or what situations is important to look more into, a car cut in 

close in front were most often mentioned. This is a situation with lower scored activi-

ties, mostly because the situation is not occurring in a large part of the working day. If 

instead asked how many times the situation occurs the results would be different, with 

the situation of a car cutting in close in front of the truck probably higher rated. By 

then would for example a long haulage driver that drives eight hour on the highway 

each day with usually one stop somewhere in the middle say that this happens two 

times a day and maybe overtaking 20 times a day. That data would not better repre-

sent how the day for a long haulage truck driver looks like. 

Even though the situation most often mentioned by the drivers was not one of the sit-

uations with highest scored activities, I think the way of scoring the activities worked 

out well. The purpose of the prioritization was to find areas to prioritize when looking 

for problems and possible system improvements when you have a limited amount on 

resources. Then it is reasonable to spend development costs on activities often occur-

ring and has a high influence on the system performance.  

The question asked directly to drivers about what situation or activity to prioritize is 

probably also important and gives other results, e.g. what they are annoyed by which 

can be good to catch and improve even though it is a less often occurring situation. 

The situation or activities found this way has a problem to be solved. The found high 

priority activities could already be supported in a good way though systems design. 

But the activity prioritization and use of the CWA framework could be a way to find 

new possibilities for enhancing system performance because it is a more throughout 

analysis for more profound understanding of the system. 
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5.4 Conclusions and comments 

The combining of the method for function prioritization by Birrell et al. (2011) with 

the function frequency in the situations from the Contextual Activity Template and 

the frequency of these situations, as done within this study, is a way to find what ac-

tivities to prioritize for a focused further analysis to find possibilities to enhance sys-

tem performance. 

From the Abstraction Hierarchy conducted during the Work Domain Analysis it was 

found that autonomic systems supporting the driver for Road layout speed control, 

Road surface speed control, Traffic solution speed control and lane placement and 

stability could enhance truck driver system performance. 

By looking into the prioritized activities it was further found that; 

 Visibility when driving on highway – information about the road surface and 

road layout could enhance system performance. 

 Steering (fine, gross, lane stability) when driving on country road – technical 

support for lane stability could enable the driver to conduct other, for example 

route planning, activities. 

 Communicate when driving on highway - information about what lane the 

other trucks in the same Convoy are in or and what highway exit or entrance 

they take could improve system performance. 

Further work could be to more thoroughly analyze the high priority activities by con-

ducting decision ladders and look into the strategies used when carrying out the activi-

ties but in the third phase of the Cognitive Work Analysis framework, the Strategies 

Analysis. In this way the possibilities for enhancing system performance could be 

further defined and probably could also more possible improvement areas be found.  
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Appendix 1 
 

Intervjufrågor WDA 
I mitt examensarbete ska jag göra en Work Domain Analysis (WDA) på värdena ”säkerhet” 
och ”varudistribution” för lastbilar. Analysen fungerar som en kartläggning av mål och syfte 
med lastbilen och de tekniska funktioner som ger föraren möjlighet att uppnå dessa mål. 
Hittills har många intervjuer med förare gjorts och jag vill därför även lägga till ingenjörs 
kunskap om de tekniska systemen. Denna kartläggning kommer sedan kunna visa på om det 
finns mål som inte uppfylls helt och hållet på grund av att förutsättningar i form av tekniska 
komponenter saknas, eller om det finns tekniska komponenter som inte bidrar till detta mål. 

Sedan ska jag titta närmare på de uppgifter som utförs i systemet och de strategier som 
påverkar på vilket sätt uppgifterna genomförs. Detta gör jag för att identifiera situationer och 
uppgifter där systemets funktion skulle kunna förbättras med hjälp av tekniska lösningar som 
stödjer användaren på något sätt. Denna analys ska allstå i slutändan generera idéer på 
tekniska lösningar som skulle förbättra framtidens lastbils- och förarmiljö. 

Hur fungerar AH? 
Analysen kan beskrivas med en abstraktions hierarki, där de fysiska komponenterna är 
längst ner och det övergripande målet längst upp. I nivåerna där emellan är det beskrivet hur 
dessa passar ihop. Till exempel så ingår det fysiska objektet ”säkerhetsbälte” i att skydda 
från ”personligt säkerhetsskydd” som ingår i ”säkerhetsskydd”. Detta ligger under värdet 
”minska konsekvensen av en olycka” som är en av prioriteringarna under ”säkerhet”. 

Vad innebär värdena? 

”Safety/Säkerhet”  
Här ingår att transporten av gods sker på ett säkert sätt för både föraren, medtrafikanter, 
själva lastbilen och lasten. I detta ingår att undvika krockar och hålla sig på vägen, att inte 
missköta lastbilen, minska konsekvensen av en olycka, undvika arbetsskador och skydd mot 
brottslingar. 

”Goods distribution/Varudistribution eller transport”? 
Här ingår alla syften och funktioner som finns för att möjliggöra själva körningen eller 
transporten av varor. Att varorna flyttas från en plats till en annan. (Att detta görs säkert, att 
lagar följs och upprätthålla till ett gott rykte för föraren externt och internt ingår inte i denna 
prioritering eller värde, utan har egna sådana.) 
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Hur gör vi detta? 
Vi kan börja med att spåna på alla tekniska system och komponenter i lastbilen som du 
tänker finns för att bidra till säkerhet, och vad de fyller för funktion, utifrån denna modell. 
Denna modell är inte fullständig, det är bara ett utkast. Vi går igenom den eftersom och 
funderar kring frågorna nedan. 

Jag lägger in det vi kommer fram till i modellen sedan så kan vi titta igenom det i början på 
nästa möte och göra ändringar och kompletteringar då.  

När det tar stopp kan vi titta högre upp i AH för att försöka få en annan infallsvinkel, och se 
om du kommer på någonting som saknas där. Om du tycker att det är lättare att tänka dig 
hela kedjan hur komponenterna uppfyller värdena så går det bra också. 

Värden och prioriteringar (Nivå 2) 
• Vilka kriterier kan användas för att bedöma om lastbilen uppnår säkerhet? 
• Vilka kriterier kan användas för att mäta hur ”syftesrelaterade funktioner” påverkar 

säkerhet? 

Syftesrelaterade funktioner (Nivå 3) 
• Vilka funktioner behövs för att uppnå syftet med systemet? 
• Vilka funktioner utförs i systemet? 
• Vilka funktioner kordinerar användandet av fysiska resurser i systemet? 

Objektrelaterade processer (Nivå 4) 
• Vilka processer/situationer används de fysiska objekten i för att stödja säkerhet? 
• Vad är de fysiska objektens funktionella kapaciteter och begränsningar gällande 

säkerhet?  
• Vilka säkerhetsprocesser (funktioner/syften/egenskaper) är stödda av fysiska objekt i 

lastbilen? 
• Vilken funktionalitet är nödvändig i lastbilen för att möjliggöra säkerhetsfunktioner? 

Objekt (Nivå 5) 
• Vilka tekniska komponenter (system/delar/objekt) finns i lastbilen (som bidrar till 

värdet ”säkerhet”)? 
• Varför finns dessa, vad kan de användas till? Vad kan de fysiska objekten i systemet 

göra och erbjuda? 
• Vilka tekniska komponenter är nödvändiga för att möjliggöra systemets 

säkerhetsfunktioner och processer? 
• Vad heter (antal/varumärken/modeller) de tekniska komponenterna? 
• Hur är de tekniska komponenterna placerade i förhållande till varandra 

(organisation/plats/layout/avstånd/placering)? 
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Personfakta 
Vad har du för utbildning? 

 

 

Vad arbetar du med nu och vad har du för titel? Vad har du för kunskap om lastbilen? 

 

 

Hur länge har du arbetat med detta? 

 

 

Vad har du gjort innan? 
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Appendix 2 

Intervjuguide intervju efter observationer 

Personfakta 
Vad har du för utbildning? 

 

Vad arbetar du med nu och vad har du för titel? Vad har du för kunskap om lastbilen? 

 

Hur länge har du arbetat med detta? 

 

Vad har du gjort innan? 

 

Frågor 
Visa listan med de olika situationerna. 

1. Här är en lista med situationer som uppstår under körning. Kommer du på 
situationer som saknas, vilka i så fall? Tycker du att någon av de här 
beskrivna situationerna bör delas upp i olika situationer? 

Titta på en film i taget som utgår från en typ av situation. 

2. Nu ska du få se några videoklipp från när du observerades och så ska du få 
beskriva de känslor som du kände i de situationerna med hjälp av Geneva 
emotion wheel. 

3. Vad är viktigt att tänka på i denna situation? 
4. Kan du beskriva vad som händer samt vad du fokuserar eller tänker på i det 

här videoklippet? Vad är det du gör? 
5. Hur hade miljön kunnat vara annorlunda i denna situation och hur hade det 

ändrat ditt beteende? (t.ex. hur skulle du ha  gjort annorlunda om det var 
mörkt, halt eller om en annan bil betedde annorlunda) 

6. Hur hade den tekniska utrustningen kunnat vara annorlunda i denna situation 
och hur hade det ändrat ditt beteende? (t.ex. annan motor, varningar eller 
tekniska system) 

7. Vilka av dessa funktioner används i situationen (åtgå från listan)? Finns det 
andra funktioner som används som inte är med här? Om situationen hade 
varit något annorlunda, som i frågorna ovan, vilka andra funktioner hade 
behövts då? 
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Geneva Emotion Wheel 

 

Figure 1 Geneva Emotion Wheel from (Li & Mao, 2012). 

http://www.sciencedirect.com/science/article/pii/S1045926X1200047X
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Appendix 3 

Guide observationer 
• Se till att allt material är med: 

o Denna guide 
o Observationsplan 
o Videoinspelningsutrustning 

 3 kameror (1 vidvinkel och 2 original) 
 2 V12 laddare 
 1 USB laddare 
 1 USB förlängningssladd 
 Grenuttag 12 V 
 3 SD kort 16 GB 
 1 microSD 32 GB + 1 microSD 16 GB 
 Dubbelhäftande tejp, silvertejp, sytråd som säkerhetslina för 

kamerorna 
 USB sladd för överföring till datorn 

o Laptop 
 Laddare till datorn 

o Extern hårddisk + USB sladd 
o Anteckningsblock 
o Penna 
o Klocka 

Information till testdeltagaren 
Tack för att jag får följa med dig idag! Jag håller på att göra mitt examensarbete på 
ergonomiavdelningen på Scania. Som en del i detta behöver vi få reda på vad man 
egentligen gör när man kör en lastbil, eftersom vi kan göra detta själva så behöver vi din 
hjälp. 

Anonymitet 
En av de här kamerorna fångar även ditt ansikte på bild, och jag vill försäkra mig om att du 
tycker det känns ok. Mitt examensarbete ingår också delvis i ett forskningsprojekt, filmen 
kommer bara att användas internt inom detta projekt och kommer inte att spridas. Sen 
undrar jag också om det är så att någon i projektet vill använda denna inspelning för att 
intervjua andra förare, om det skulle vara okej för dig? 

Det som du säger under ”talk out loud” kommer jag spela in för att sedan skriva ner utan ditt 
namn kopplat till det. Jag kommer inte koppla ditt namn till video-materialet heller, men 
självklart är du identifierbar på grund av bilden. Om du ställer upp på detta så ska du få 
skriva under ett papper här (gå igenom Consent sheet). 

Filma + intervju senare 
Det vi ska börja med är att filma delar av körningen med dessa kameror jag har monterat. 
Filmen kommer jag sedan klippa ihop så det blir kortare när jag är tillbaka i Södertälje och 
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sedan skulle jag gärna träffa dig (och de andra förarna i gruppen) för en intervju. Vi får 
planera in när detta passar dig/er. 

Talk out loud 
Efter det skulle jag vilja att du några gånger under körningen berättar vad du tänker på under 
10 minuters. Jag säger till när det är dags. Detta är en metod för att förstå beslut du tar som 
inte syns. Till exempel om du funderar på att byta fil men bestämmer dig för att inte göra det, 
eller om du observerar en annan bils beteende eller något sådan. Tänk på att sådant som är 
självklart för dig kan vara svårt att förstå för mig som inte kan köra lastbil, så försök även 
beskriva tankar som du anser vara självklara.  

Berätta även om tankar som inte har med själva körningen att göra. På samma sätt som man 
har en total muskelkapacitet så kan man säga att man har en total kognitiv kapacitet, så 
därför är det intressant för oss att veta hur mycket annat det finns tid att fundera på. Om det 
skulle vara så att det du tänker på är privat så behöver du självklart inte säga exakt vad du 
tänker på, säg istället att du tänker på någonting gällande familjen eller så. 

Genomförande 

Fäst kamerorna enligt 
o Vidvinkelkamera bakom föraren för att filma vad föraren ser genom rutorna 

och speglarna, samt inne i hytten såsom förarens händer etc. 
o Ena ”original” kameran ovanför vindrutan (vid A-stolpen eller i mitten) för att 

filma förarens ansikte. 
o Andra ”original” kameran i framrutan för att filma traffikförhållandet. 

Följ observationsplanen 

 
Södertälje 

 Dag 
1 

  Starta vidioinspelning i Södertälje 
  Stäng av efter 30 min (ca vagnhärad) 
Nyköping   
  Starta kamerorna 10 min efter nyköping 
  Talk out loud 10 min 
Norrköping   
Herrbeta (paus 15 
min) Stänga av videoinspelning /efter 1 h 
Linköping   
  Starta kamerorna 20 min innan Jönköping 
  10 min Talk out loud 
Jönköping   
Klevshult (paus 30 
min) Stäng av kamerorna i Klevshult/ efter ca 1 h 
Värnamo   
ljunby   
Markaryd   
  Starta kamerorna efter Markaryd 
  10 min Talk out loud 
Helsingborg Stäng av kamerorna i Helsingborg (på färjan) / efter ca 1 h 
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Färja    
Helsingör   
  Starta kamerorna på färjan 
  10 min Talk out loud 
Köpenhamn   
  Stäng av kamerorna efter Köpenhamn/ efter ca 1 h 
Köge   
Rönnede Starta kamerorna i Rönnede 
  Stäng av i Vodingborg / efter ca 30 min 

 Vordingborg 
 Dag 

2 
  Starta vidioinspelning i Vodingborg 
Rödby Stänga av i Rödby / efter ca 1 h 
Färja   
Puttgarten   
  Starta videoinspelning i Puttgarten 
  10 min Talk out loud 
  Stäng av videoinspelning 
Lübeck   
  Starta videoinspelning 30 min innan Hamburg 
  10 min Talk out loud 
Hamburg   
  Stäng av kamerorna 30 min efter Hamburg /efter ca 1 h 
Sittensen   
Bremen   
Cloppenburg (viker av 
i på haselünevägen) 

Starta videoinspelning 10 min innan Cloppenburg (innan 
lämnar E1) 

  10 min Talk out loud 
Meppen   
  Stäng av kamerorna innan Meppen /efter ca 1 h 
  Starta videoinspelning 10 min innan Hoogeveen 
  10 min Talk out loud 
Hoogeveen   
Meppel   
  Stäng av i Zwolle / efter ca 50 min 

  Zwolle 
 Dag 

3 
  Starta vidioinspelning i Zwolle 
Meppel Stäng av kamerorna efter 30 min 
Hoogeveen   
Meppen   
  Starta kamerorna 10 min efter Meppen 
  10 min Talk out loud 
Cloppenburg Stäng av efter cloppenburg (på E1) / efter ca 1 h 
Bremen Starta kamerorna vid Bremen 
  10 min Talk out loud 
  Stäng av kamerorna 
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Sittensen   
  Starta videoinspelning 30 min innan Hamburg 
  10 min Talk out loud 
Hamburg   
  Stäng av kamerorna 30 min efter Hamburg/efter ca 1 h 
Lübeck   
  Starta kamerorna 10 min innan Puttgarden 
Puttgarten Stänga av kamerorna (på färjan) 
Färja   
Rödby Starta kamerorna i Rödby 
  10 min Talk out loud 
  Stäng av i Vodingborg / efter ca 1 h 

 Vordingborg 
 Dag 

4 
  Starta vidioinspelning i Vodingborg 
Rönnede Stäng av vid Rönnede / efter ca 30 min 
Köge   
  Starta kamerorna 10 min innan Köpenhamn (vid Bröndby) 
  10 min Talk out loud 
Köpenhamn   
Helsingör Stäng av kamerorna innan färjen / efter ca 1 h 
Färja    
Helsingborg Starta kamerorna i Helsingborg 
  10 min Talk out loud 
Markaryd Stäng av vid Markaryd / efter ca 1 h 
ljunby   
Värnamo   
Klevshult (paus 30 
min)   
  Starta kamerorna 10 min innan Jönköping 
  10 min Talk out loud 
Jönköping   
  Stäng av kamerorna efter 1 h 
Linköping   
Herrbeta (paus 15 
min) Starta kamerorna i Herrbeta 
  10 min Talk out loud 
Norrköping   
Nyköping Stäng av kamerorna efter 1 h (eller innan Nyköping) 
Vagnhärad Starta kamerorna 30 min innan Södertälje (vagnhärad) 
  Stäng av kamerorna 

 
Södertälje 
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Styling and Vehicle Ergonomics Scania CV AB 
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Observation av förare 

Informationsblad 

Läs vänligen igenom informationen nedan och skriv under om du önskar delta i experimentet om observationer av 
förare. 

Forskningen genomförs inom projektet MODAS, av Scania’s Styling and Vehicle Ergonomics Group. 

Bakgrund: Detta experiment är en del av ett examensarbete på ergonomigruppen på Scania. Examensarbetet handlar 

om att analysera lastbilens förarmiljö och skapa en förståelse för föraruppgiften för att på så sätt stödja utvecklingen av 
framtidens lastbilar och förarmiljöer. Examensarbetet är även delvis en del av forskningsprojektet MODAS som har som 
syfte att erhålla kunskap om utveckling av framtida lastbilar och att ta fram en designmetod för detta. 

Experimentets syfte: Experimentet genomförs för att erhålla kunskap om de situationer som uppstår under körning och 

om de uppgifter föraren utför, vilken information som föraren behöver och om de beslut som tas.  

Uppgiften: Experimentet genomförs under en dags fjärrtransportkörning. Testdeltagaren ska köra precis som vanligt, 

men kommer också att under kortare delar av resan få berätta om de tankar som uppstår under körningen. Några dagar 
efteråt kommer testdeltagaren att bli intervjuad utifrån det inspelade materialet. 

Genomförande: Fyra till fem timmar av körningen under dagen kommer att filmas. En kamera kommer filma insidan av 

hytten och det som syns av omgivningen ut genom rutorna och genom speglarna, en kamera kommer vara riktad mot IP:n 
och en mot testdeltagaren för att på så sätt fånga så stor del av situationen som möjligt. Även ljud kommer att spelas in. 
Testdeltagaren kommer att bli ombedd att berätta om de tankar som uppstår under tio minuter fyra gånger under 
experimentet. Videomaterialet kommer att användas under intervjun som sker en annan dag och behandlar frågor kring 
de situationer och uppgifter som observerats.  

Sekretess: All information som samlats in under experimentet, inklusive videomaterialet, är konfidentiellt och kommer inte 

att användas för något annat syfte utanför detta projekt. 

Jag förstår beskrivningen av experimentet och går med på att delta av egen fri vilja: 
 
Deltagarens namn: __________________________________ 
 
Signatur: ________________________________________ 
  
Datum: _____________________________ 
 
* Jag godtar att videomaterialet används för syften utanför experimentet så som vetenskapliga konferenser. Inga delar 
som kan tolkas som mindre smickrande eller pinsamma kommer att visas. [Du får ändra ditt svar på denna del i slutet av 
experimentet] 
 
Signatur: ________________________________________ 
  
Datum: _____________________________ 
 
* Jag godtar att videomaterialet används under intervjuer med andra förare/testdeltagare inom projektet. [Du får ändra ditt 
svar på denna del i slutet av experimentet] 
 
Signatur: ________________________________________ 
  
Datum: _____________________________ 
 
 
Testledarens namn: __________________________________ 
 
Signatur: ________________________________________ 
  
Datum: ____________________________ 

mailto:ida.bodin@scania.com
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Appendix 4 
 
Styling and Vehicle Ergonomics Scania CV AB 
RCDE Tel: +46 (0) 700 878 395 
 Email: ida.bodin@scania.com  

Jag kommer att nämna ett antal situationer och undrar hur stor av din tid, när du arbetar som lastbilschaufför, du 
är i dessa situationer. Tänk på alla olika situationer du är i, hur stor del av tiden är du då i den situationen, från ett 
till 100 (där siffran motsvarar procent av din arbetstid). Om du till exempel kör en timme på motorvägen om 
dagen, och lägger en timme om dagen på att tvätta bilen ska dessa ha samma siffra. (Hjälp att räkna ut hur 
många minuter på en dag som är en procent av arbetstiden, samt hur många procent av arbetstiden som är 
körtid). 

Tänk på att vissa situationer utesluter varandra, och andra kan hända samtidigt. Till exempel kan man ju köra på 
landsväg och i en korsning samtidigt, men inte i en korsning och i en rondell. 

Motorväg  0 10 20 30 40 50 60 70 80 90 100 

 Lite trafik 0 10 20 30 40 50 60 70 80 90 100 

 Mycket trafik 0 10 20 30 40 50 60 70 80 90 100 

 
Av- och påfart, filer går 
ihop 0 10 20 30 40 50 60 70 80 90 100 

Landsväg  0 10 20 30 40 50 60 70 80 90 100 

 Lite trafik 0 10 2 30 40 50 60 70 80 90 100 

 Mycket trafik 0 10 20 30 40 50 60 70 80 90 100 

Körning i stadstrafik 0 10 20 30 40 50 60 70 80 90 100 

 Lite trafik 0 10 20 300 40 50 60 70 80 90 100 

 Mycket trafik 0 10 20 30 40 50 60 70 80 90 100 

Bli omkörd av lastbil/buss 0 10 20 30 40 50 60 70 80 90 100 

Köra om ett annat fordon 0 10 20 30 40 50 60 70 80 90 100 

Bil kör in nära framför 0 10 20 30 40 50 60 70 80 90 100 

Bil kör nära bakom 0 10 20 30 40 50 60 70 80 90 100 

Kör i lastbilskonvoj 0 10 20 30 40 50 60 70 80 90 100 

 Först 0 10 20 30 40 50 60 70 80 90 100 

 Följer 0 10 20 30 40 50 60 70 80 90 100 

Parkera (från att man kommit in på 
pakeringsområdet och kör fram till 
parkeringsplatsen) 

0 10 20 30 40 50 60 70 80 90 100 

Rast längst vägen, står still 0 10 20 30 40 50 60 70 80 90 100 

Sov i lastbilen 0 10 20 30 40 50 60 70 80 90 100 

Kör i backar 0 10 20 30 40 50 60 70 80 90 100 

Dåligt väder 0 10 20 30 40 50 60 70 80 90 100 

 Halt 0 10 20 30 40 50 60 70 80 90 100 

mailto:ida.bodin@scania.com
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 Dålig sikt 0 10 20 30 40 50 60 70 80 90 100 

 Blåsigt 0 10 20 30 40 50 60 70 80 90 100 

Vägarbete, passerar 0 10 20 30 40 50 60 70 80 90 100 

Kökörning  0 10 20 30 40 50 60 70 80 90 100 

Påbörja och avsluta resan, 
(avslutad körning, men hämta 
trailer, lasta etc.) 

0 10 20 30 40 50 60 70 80 90 100 

Tvätta lastbilen 0 10 20 30 40 50 60 70 80 90 100 

Korsningar 0 10 20 30 40 50 60 70 80 90 100 

 Utan trafikljus 0 10 20 30 40 50 60 70 80 90 100 

 Med trafikljus 0 10 20 30 40 50 60 70 80 90 100 

Rondell  0 10 20 30 40 50 60 70 80 90 100 

Hinder, älg, stillastående bil 0 10 20 30 40 50 60 70 80 90 100 

Färja, köra på + köra av 0 10 20 30 40 50 60 70 80 90 100 
Tanka(från in på området tills 
lämnat) 0 10 20 30 40 50 60 70 80 90 100 

Spetsbyte (byt trailer) 0 10 20 30 40 50 60 70 80 90 100 

Fel på lastbilen 0 10 20 30 40 50 60 70 80 90 100 

Stopp pga olycka 0 10 20 30 40 50 60 70 80 90 100 

Olycka först på plats 0 10 20 30 40 50 60 70 80 90 100 

Olycka inblandad 0 10 20 30 40 50 60 70 80 90 100 

Lastbil blir stulen (tid du lägger på 
att lösa detta, ej vänta på ny 
hemma) 

0 10 20 30 40 50 60 70 80 90 100 

Köra i tunnel 0 10 20 30 40 50 60 70 80 90 100 

Kör under låg bro 0 10 20 30 40 50 60 70 80 90 100 
 
Vilka situationer tycker du är viktigast? Varför? 
 
 
Finns det någon situation där du tänkt på något problem eller att något skulle kunna underlättas? Vad i så fall? 
 
 
Hur länge har du kört lastbil?   ______________________________________ 
Hur många timmar i veckan kör du? ______________________________________ 
Var kör du? (Länder, landskap)  ______________________________________ 
Kör du:   Fjärrtransport      Distribution       Anläggning 
Ålder:   ___ år 
Kön:   Kvinna Man 



Appendix 5 

The Abstraction Hierarchy. 
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Appendix 6
Defintitions of the nodes from the Abstraction Hierarchy.

Functional Purpose Definitions and examples

To be able the distribute goods on road with a long haulage truck

Values and Priorities

Internal Vehicle efficiency The drivers reputation within the truck company, to his boss and collegues. Be in time and save fuel.

Punctuality The drivers repuattion towards the truck companys costumers, need to deliver in time.

Presentation

The drivers repuattion towards the truck companys costumers, need to look good when meeting the costumers. 

Shaved and ok clothes and a clean truck to look trustworthy.

To acctually get to the required place in a efficient way.

To be able to bring the cargo, all work included in handle this. 

Safety Breakdown, failure Safety in situations occuring because of truck break down. As standing still on highway.

Parking Safety during parking

Loading, unloading Safety when manipulate cargo

Dynamic obstacle avoidance Avoid running into dynamic obstacles e.g. other vehicles

Static obstacle avoidance Avoid running into static obstacles e.g. road signs or off the road

To not wear out the truck

Safety in a crash, to minimize the injury

Avoid work injury for the driver, 

Comfort for the driver

To follow the laws and regulations

To follow the organizational regulation

Purpose Related Functions

To move to a new place

Accelerate in a way to save fuel

Brake in a way to save fuel

Change gear in a way to save fuel

To be able to transport cargo

Security for driver

Security for vehicle

Security for cargo

To load and unload the cargo from the trailer

To reduce the physical workload for the driver

To reduce the mental workload for the driver

The drivers and technical systems awareness of the vehicle

The drivers and technical systems awareness of the environment

The drivers and technical systems awareness of the cargo

The drivers and technical systems awareness of the driver

Driver alertness acheved by recuperation

Driver alertness acheved by warnings

Control of vehicle to avoid running into obstacles

Control of vehicle to drive to the right place

That other road users are aware of the truck and driver, e.g. to avoid accidents

To be able to see, observe

That the truck does not roll when should stand still, e.g. when parking, standing still in que (in a hill)

That the driver are able to acces the cab and truck

Maintenance of truck at work shop or by driver

To have foresight when driving, look ahead and plan

That the truck is robust, e. g. cargo attached and that the truck not easily break when running into something

The ability to receive help

Minimize noise in cab from engine and environment

To have a good climate/temperature for the driver in the cab

Seating for driver

Protection in a crash, for the driver

Protection in a crash, for the vehicle

Protection in a crash, for the cargo

Object Related Processes

The movement of the entire truck

The spark in the engine

Change gear

Limit the posibility to change to some gears in some situations to not harm the gear box

Different approches when automatic gear chenge, for example for more power

Somewhere to keep the cargo during transport, the trailer

To move the cargo on the trailer

Connect and disconnect trailer from truck

A plan where to drive

To change the plan where to drive

To find the way to drive to follow the route

To locate where the truck is

To notificate thefts

The esimated driving time between stops in the route

For how long time the driver/truck have been driving since last break/start of shift

That the truck is stable

That the trailer is stable

That the cargo is stable (Physically, here

To keep the speed stable - controled by driver

To keep the speed stable - controled by vehicle

Cotrol speed to avoid running into obstacles - controled by driver

Cotrol speed to avoid running into obstacles - controled by vehicle

Cotrol speed to follow the vehicle in front - controled by driver

Cotrol speed to follow the vehicle in front - controled by vehicle

Emergency brake - controled by driver

Emergency brake - controled by vehicle

Cotrol speed according to hills - controled by driver

Cotrol speed according to hills - controled by vehicle

Cotrol speed according to road surface

Cotrol speed according totraffic solutions

Cotrol speed according to road layout

The placement of the truck within the lanes in lateral diraction

The ability to keep the same lane placement

To change direction to change lane

To precise manoeuver the truck at ow speed

Steer to avoid obstacles

Steer to follow the road in a curve

Adjust the high of the trailer to facilitate loading and unloading of cargo

Adjust the angle of the trailer to facilitate loading and unloading of cargo

Be able to lock truck and trailer

Stay on the ground, not roll

Goods Distribution Via Road Transportation

External
Reputation

Effectivity and Efficiency
Efficient Relocation

Work and Cargo Transportation

Safety when standing still

Crash avoidance

Truck sustainability

Crash safety

Injury-free work

Relocation

Fuel efficiency

Acceleration efficiency

Brake efficiency

Gear change efficiency

Comfort

Laws / Regulations

Organizational Regulations

Loading/unloading

Physical

Cargo transport

Road holding

Rest planning

Delivery planning

Route planning

Work planning

Vehicle control (driving) 

(Maintaining field of safe travel)

Obstacle avoidance

Accuracy (Get to the right place)

Mental
Workload reduction

Awareness

Vehicle

Environment

Cargo

Driver

Maintenance planning

Logistical Planning

Driver

Vehicle

Cargo

Security

Other road users awareness of the system (truck and driver) 

Visual observation

Truck standing still

Critical warnings

Recuperate 
Alertness

Seating

Climate/Temperature

Crash protection

Driver

Vehicle

Cargo

Cab/truck access

Maintenance

Good (gentle, forbearing) driving

Robustness

Minimizing noise

Assistability

Route

Navigation

Cargo manipulation

Connect/disconnect trailer

Lockability

Locomotion

Spark

Gear use limiting

Different modes

Space for storing cargo

Light

Route change

Gear shifting

Manual

Autonomous
Speed stability

Manual

Autonomous

Manual

Theft notification

Driven

Estimated
Travel time

Vehicle stability

Truck stability

Trailer stability

Cargo Stability (Physical)

Lane placement

Lane stability

Steering lane change

Precise manoeuvring parking

Emergency steering

Obstacle avoidance speed 

control

Vehicle following speed control

Emergency brake

Hill speed control

Road layout speed control

Road surface speed control

Traffic solutions speed control

Autonomous

Manual

Autonomous

Manual

Autonomous

Turning at junctions

Access trailer

Locatability

Locked to ground

Minimizing tyre wear

Hight adjustment

Angle adjustment to facilitate loading/unlouding
Cargo access

Steering for curved roads

Turning at roundabouts



To keep the friction between tyre and road

That other road users can see the truck

That the driver (or truck) can see other orads users and environment

That the driver has visibility within the cab

To make the driver alert, for example with alarms

The time to obstacle impact if the truck (and obstacle) keeps moving in the same direction with the same speed

For example upcoming curves

For example traffic jam

Information to the driver about the different systems within the truck, about different modes or failures

To maintain the truck

The condition of the truck

To communicate what the system are going to do to other road users, for example turning

To warn other road users, for example the brake lights

Communication of vehicle status to for example the workshop

Other physiological effects of diet for the driver, that for example affect the alertness

Whitin the cab

Whitin the cab

The truck and trailers suspension, to smoothen the driving and change the trailer hight when loading/unloading

To physically support the driver to lay down, for example in bed to sleep or rest

To physically support the driver when sitting

Storage in cab, for example phones and bottles

To call for help in case of accident

That the truck is able to be towed

For example chemical stability

Climate in cab

When connecting/disconnecting the trailer

Protection to reduce the injuries in case of accident

Protection to reduce the driver injuries in case of accident

Physical Objects

To not wear out the engine

Manual range gear ctrl

Manual split gear

Gear stick

Clutch

Opticruise

For cruise control, to keep the same speed

For cruise control, to keep the same speed

For cruise control, to keep the same speed

For cruise control, to keep the same speed

For adaptable cruise control, to keep and adjust the speed according to other road users

For adaptable cruise control, to keep and adjust the speed according to other road users

For adaptable cruise control, to keep and adjust the speed according to other road users

For adaptable cruise control, to keep and adjust the speed according to other road users

For look ahead cruise control, to keep and adjust the speed according to hills

For look ahead cruise control, to keep and adjust the speed according to hills

For look ahead cruise control, to keep and adjust the speed according to hills

For look ahead cruise control, to keep and adjust the speed according to hills

Eyes

Ears

Proprioception

Hands (Fingers)

Feet

Voice

Objects for longitudinal  control

Objects for longitudinal  control

Objects for longitudinal  control

Objects for longitudinal  control

Objects for longitudinal  control
Speed control hardware

Speed control foot padel

Tariler brake

Downhill speed control

Hill hold

Parking brake

Driver

Sensors

Actuators

Traction

Visibility of vehicle (to outside world)

Visibility of outside wold (to within)

Visibility in cab

Visibility

To alert driver

Minimizing engine wear

Vehicle conditions

Communication

Communicating driving intent

Communicating danger

Communicating vehicle status

Blood pressure

Time to (ev) obstacle impact

Minimizing brake pad wear

Information about road situations

Information about traffic situations

Presentation of subsystem status

Truck upkeep

Suspension (air)

Support lying down

Physical positioning and support

In cab storage

SOS alarm

Towability

Blood suger

...

Physiological effects of diet

Noise isolation
Engine noise isolation

Environment noise isolation

Air

Fuel

Fuel tank

Fuel tank unit

Fuel

Fuel heating

Cargo Stability (Other)

Heating/Cooling

Access area between cab and trailer

Access cab

Impact protection
Personal Safety protection

Gears

Drive line system (Gear box, 

drive shaft, propshaft)

Generator

Battery
Electricity

Dolly curtains

Trailer and cargo

Engine

Engine

High pressure

Engine overspeed protection

Recommended engine speed

Electric engine heater

Controls

Winch

Stop block

Lock

Security central locking

Trailer curtains

Cargo straps

Cargo

Individual cargo items

Hoses (truck – trailer)

Trailer

List of deliveries

Locations

Transport orders (CMR)

Departure location

Distances

Sensors

Algoritms

Actuator

Controls

CC

Starter lock

Immobiliser

Required delivery times

Arrival location

Rest area

Resturant

Navigation cues (e.g. signs)

Hand forklift

Auxiliary sensor

Smoke alarm

Alarm sensors
Roof hatch

Cab movement sensor

Bodywork lock

Cargo area movement sensor

Ancillary sensor

Siren alarm

Cab doors

Ignition alarm

Outer storage

Panic alarm

Front grille panel

Inclination sensor

LACC

Sensors

Algoritms

Actuator

Controls

ACC

Sensors

Algoritms

Actuator



Objects for longitudinal  control

Objects for longitudinal  control

Objects for longitudinal  control

The physical parts in the truck reducing the speed

The physical parts in the truck reducing the speed

The physical parts in the truck reducing the speed

The physical parts in the truck reducing the speed

Accelerate hardware

Active emergency brake Break when a obstacle is detected close in front

Speed limiter Keep the speed under a certain level to not overspeed when downhill

Save data about the driving, for example driving time

Brake system that helps to not lose the grip

Brake system that helps to not lose the grip

Brake system that helps to not lose the grip

Brake system that helps to not lose the grip

To lock the propshaft to change driving characteristics, for off road

Warning to driver if leaving lane unintendedly

Warning to driver in case of obstacle close in front

Warning to driver in case the drives seems/acts tired

Reminds the driver to use seatbealt

Warning to driver in case of overspeed

Speed display

Fuel Level display

Coolant temp. display

Fuel consumption display

Temp. display

RPM display

Oil pressure display

Trailer temp gauge

Clock

Charge air display

Engine speed display

TPM, Tyre Pressure Monitoring

Displaying vehicle weights

Sub-system not working

Sub-system comunication falure

Sub-system on or off

Inappropriate level (oil, coolant, 

pressure, temp etc)
Brake pad wear present-ation

Sensors, Algoritms, Actuator

Catwalk

Sus-pension system

Hammer (check tyre)

Spare parts (fuses..)

User manual

IVD In Vehicle Diagnostics

Remote Diagnostics

Drawbar

E call

Emergency phone at the road

Hazard light

Daytime running lights

Auxiliary lamps

Boarding lamp

Interior background lighting

Rotating beacon

Lighting

Mechanical 

warnings, Red – 

Critical (stop 

driving), Yellow – 

Information (avoid 

unnecessary use) , 

Green – Information

Info Displays

Instrument Cluster

Sun visor spotlights

Reading lamp

Headlight on/off switch

Headlight washing (wiping)

External light check (RC)

Light beam direction change

Bumper spotlights

Stop light

IP lighting

Reverse alarm

Warning triangle

Safety vest

Horn

Warning equipment

Fog lights (front and rear)

Reverse lights

Interior lights

Park lights

Objects related to seeing

Mirrors

Mirror adjust-ment hardware

Windows

Rear view mirrors heater

Wind-screen heater

Wind-screen washing (wiping)

Curtain

Sun visors

Diet
Drinking water and other drinks

Food

Other road users

Weather

Road layout (curves,hills, etc.)

Road surface

Environment features (e.g. trees)

Road type (highway, countryroad etc.)

External factors

Overspeed warning

Forward looking camera
Vehicle driver environment 

warnings sensors
Radar

Steering angle sensor

Telephone

Radio/media

GPS, maps

Camera

Infotainment

Controls

Sensors

Algoritms

Actuator

Controls

Trailer axel lift

Steering wheel adjustment

Log driving
Tachograph

C200

Back lift

Bumper

EBS

ABS

ABS off road

ESP

TC Traction control

DIF lock

Tyres

Vehicle driver environment 

warnings

Lane departure warning

Forward collision warning

Drowsiness warning

Seat belt reminder

Wheel brake

Retarder brake

Exhaust braking

Interlock valve

Fuel injectors

Brake hardware

Sensors

Algoritms

Actuator

Speed control hardware

Manual control exhaust brake

Hand throttle (cruise control)

Cruise control (buttons)

Steering wheel



Chair heating

Chair adjust-ment hard-ware

Noise reducing material

Storage (self)

Bed

Chair

Cab

Cargo specific hardware

Aux heater (Diesel)

Recirculation

Short stop heater

Aux heater timer

Fan

Roof hatch

Aux heater (water)

Aux Heater (air)

Climate Control Hardware

Impact protection hardware

Seat belt

Air bags

Belt pretensioner

Shape of dashboard cluster etc

Bull bar

Steps

White smoke limiter

Window opener



pp
2 3,5 22 0,50,5 1,5 0,5 1 310,5 1,5 2,510,5Situation Frequency 3 4 212 0 2 2

Sleep in truck

3,5

Slippery road

2

Bad visabilityHills

2

Park Wash truck

0,50,5

Break during 
the way

Driving in 
convoy (first)

Driving in 
convoy 
(f ll )

Car driving 
close back 

t k

Car driving 
close in front

1,5

Windy

0,5

Road work Traffic jam

1 3
Start and end 
of trip (inkluding 

get and load

10,5 1,5 2,510,55

priority

3 2 3 2 9 2 2 1 3

traffic traffic change low traffic high traffic the wayconvoy (first) (follow)t other vehiclehigh trafficlow traffic truckclose in front get and load 
trailer)

3 Gear shifting 9 1 6 1 5 1 2 1 27 2 15 2 12 2 12 2 3 2 9 2 2 1 3 2 3 2 2 1 2 1 3 1 6 2 0 0 0 0 15 2 11 1 6 1 5 1 3 2 6 2 18 2 0 0

1 0 0 0 0 0 0 0 0 01 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 0 0

1 y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 4 2 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 1

9 2 9 2 2 9 2 59 Travel (driven) 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 5 1 0 0 0 0 9 2 18 2 0 0 14 1 0 0 45 2 0 0 0 0 0 0 0 0 18 2 0 0 0 0

9 2 9 2 2 5 1 59 l id l 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 5 1 5 1 9 2 5 1 9 2 18 2 0 0 0 0 0 0 23 1 63 2 36 2 27 2 9 2 18 2 0 0 0 0

9 2 9 2 2 9 2 99    54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 9 2 9 2 9 2 18 2 0 0 0 0 0 0 45 2 63 2 36 2 27 2 9 2 18 2 0 0 0 0

1 2 1 1 1 2 1 1 1 11 Locatability 3 1 2 1 2 1 1 1 5 1 3 1 2 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 3 1 4 1 2 1 2 1 1 1 1 1 3 1 0 0

3 6 1 2 1 5 1 3 2 33 Mi 18 2 12 2 9 2 3 2 27 2 15 2 12 2 6 1 2 1 5 1 3 2 3 2 3 2 3 2 3 2 6 2 0 0 0 0 0 0 15 2 21 2 12 2 9 2 3 2 6 2 0 0 0 0

9 2 9 2 2 9 2 99 Presetation of subsystems 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 9 2 9 2 9 2 18 2 18 2 27 2 0 0 45 2 63 2 36 2 27 2 9 2 18 2 54 2 9 2

1 4 2 1 2 3 2 1 2 11 Ph i l i l ff t f di t 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2 1 2 1 2 1 2 1 2 2 2 1 1 2 1 2 1 5 2 7 2 4 2 3 2 1 2 2 2 3 1 0 0

31 g 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2 1 2 1 2 1 2 1 2 2 2 2 2 3 2 4 2 5 2 7 2 4 2 3 2 1 2 2 2 6 2 0 0

1 4 2 1 2 3 2 1 2 11 Cargo Stability (Other) 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2 1 2 1 2 1 2 1 2 2 2 2 2 3 2 2 1 5 2 7 2 4 2 3 2 1 2 2 2 6 2 1 2

1 4 2 1 2 3 2 1 2 11 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2 1 2 1 2 1 2 1 2 2 2 2 2 3 2 4 2 5 2 7 2 4 2 3 2 1 2 2 2 6 2 1 2

Appendix 7
Situation Frequency 3 2 1,5,5 0,5,5 4,5,5 2,5,5 2 0,50,5 1,51,5 0,50,5 0,50,

Function 
priority

Highway Highw
traffic

ay Low Highw
traffic

ay High Highw
change

ay, lane Count ry road Count
low 

ry road 
traffic

Count
high 

ry road 
traffic Urban driving Urban 

low traffic 
driving Urban d

high traffic
riving Bei

overtak
t k/bruck

ng 
en of 

/bus

Over- taking 
other vehicle

3 Locomotion 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 6 2 0 0 0 0 15 2 11 1 6 1 5 1 3 2 3 1 18 2 3 2
Gear shifting 9 1 6 1 5 1 2 1 27 2 15 2 12 2 12 2 3 2 2 1 2 1 3 1 6 2 0 0 0 0 15 2 11 1 6 1 5 1 3 2 6 2 18 2 0 0

3 Place to store cargo 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 6 2 9 2 6 1 15 2 0 0 0 0 0 0 3 2 6 2 18 2 2 1
3 Light 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 3 1 5 1 6 1 15 2 21 2 12 2 9 2 3 2 6 2 18 2 0 0

C iCargo manipul tiation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 0 0
3 Connect /disconnect trailer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 1 0 0 0 0 0 0 0 0 0 0 0 0 18 2 2 1
9 Route 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 0 0 0 0 0 0 0 0 9 2 18 2 0 0 0 0 0 0 0 0 32 1 18 1 14 1 5 1 9 1 27 1 5 1
9 Route change 27 1 18 1 14 1 5 1 41 1 23 1 18 1 18 1 5 1 14 1 5 1 5 1 5 1 5 1 5 1 9 1 9 1 14 1 0 0 23 1 32 1 18 1 14 1 5 1 9 1 27 1 0 0
3 Navigate 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 2 1 3 2 2 1 2 1 3 2 6 2 3 1 5 1 0 0 8 1 11 1 6 1 5 1 2 1 6 2 9 1 3 2
1 Lockability 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 4 2 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 1
1 Theft notification 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 1 4 2 0 0 0 0 0 0 0 0 0 0 0 0 3 1 1 1
9 Travel time (estimated) 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 0 0 0 0 9 2 18 2 0 0 27 2 0 0 23 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Travel time (driven)time 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 27 1 0 0 0 0 9 2 18 2 0 0 14 1 0 0 45 2 0 0 0 0 0 0 0 0 18 2 0 0 0 0
9 Vehicle stability 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 5 1 5 1 9 2 18 2 18 2 0 0 0 0 45 2 63 2 36 2 27 2 9 2 9 1 54 2 0 0
9 Speed stability 54 2 36 2 27 2 9 2 41 1 23 1 18 1 18 1 5 1 14 1 9 2 5 1 9 2 9 2 9 2 18 2 0 0 0 0 0 0 23 1 63 2 36 2 27 2 5 1 9 1 0 0 0 0

Ob lObstac e avoidance speedd control 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 27 1 9 2 5 1 9 2 18 2 0 0 0 0 0 0 23 1 63 2 36 2 27 2 9 2 18 2 0 0 0 0
9 Vehicle following speed control 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 9 2 5 1 9 2 18 2 0 0 0 0 0 0 45 2 32 1 18 1 14 1 9 2 18 2 0 0 0 0
3 Emergency brake 9 1 6 1 5 1 2 1 14 1 8 1 6 1 6 1 2 1 5 1 2 1 2 1 2 1 2 1 2 1 3 1 0 0 0 0 0 0 8 1 11 1 6 1 5 1 2 1 3 1 0 0 0 0
9 Hill speed control 27 1 18 1 14 1 5 1 41 1 23 1 18 1 18 1 5 1 14 1 5 1 5 1 5 1 5 1 5 1 0 0 0 0 0 0 0 0 45 2 63 2 36 2 27 2 9 2 9 1 0 0 0 0
9 Road layout speed control 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 9 2 9 2 9 2 18 2 0 0 0 0 0 0 45 2 63 2 36 2 27 2 9 2 18 2 0 0 0 0

Road suRoad surfacerface sspeedpeed cocontrolntrol 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 27 2 9 2 9 2 9 2 18 2 0 0 0 0 0 0 45 2 63 2 36 2 27 2 9 2 18 2 0 0 0 0
9 Traffic solutions speed control 0 0 0 0 0 0 0 0 41 1 23 1 18 1 36 2 9 2 27 2 0 0 0 0 0 0 0 0 9 2 18 2 0 0 0 0 0 0 23 1 63 2 36 2 27 2 0 0 0 0 0 0 0 0
9 Lane placement 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 9 2 9 2 9 2 18 2 18 2 0 0 0 0 45 2 63 2 36 2 27 2 9 2 18 2 0 0 0 0
9 Steering (fine, gross, lane stability) 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 5 1 5 1 9 2 18 2 18 2 0 0 0 0 45 2 63 2 36 2 27 2 9 2 18 2 54 2 9 2
1 Access cargo and trailer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 6 2 1 1

Locatability 3 1 2 1 2 1 1 1 5 1 3 1 2 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 3 1 4 1 2 1 2 1 1 1 1 1 3 1 0 0
1 Locked to ground 3 1 2 1 2 1 1 1 5 1 3 1 2 1 2 1 1 1 2 1 1 1 0 0 0 0 0 0 0 0 0 0 2 2 3 2 4 2 3 1 4 1 0 0 0 0 0 0 1 1 6 2 1 2
3 Minimizing tyre wear 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 3 1 0 0 0 0 15 2 21 2 12 2 9 2 3 2 6 2 18 2 0 0

Minimizenimi engineze engin weare wear 18 2 12 2 9 2 3 2 27 2 15 2 12 2 2 3 2 3 2 3 2 6 2 0 0 0 0 0 0 15 2 21 2 12 2 9 2 3 2 6 2 0 0 0 0
3 Traction 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 6 2 5 1 6 1 15 2 21 2 12 2 9 2 3 2 6 2 18 2 0 0
9 Visibility 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 9 2 9 2 9 2 18 2 18 2 14 1 0 0 45 2 63 2 36 2 27 2 9 2 18 2 54 2 5 1
3 To alert driver 18 2 12 2 9 2 3 2 14 1 8 1 6 1 6 1 2 1 5 1 3 2 2 1 2 1 2 1 3 2 6 2 3 1 5 1 6 1 8 1 11 1 6 1 5 1 3 2 0 0 9 1 0 0
3 Time to (ev) obstacle impact 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 6 2 0 0 0 0 15 2 21 2 12 2 9 2 2 1 6 2 0 0 0 0
3 Minimizing brag pke pad wear 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 0 0 0 0 0 0 15 2 21 2 12 2 9 2 3 2 6 2 18 2 0 0
9 Information about road situations 27 1 18 1 14 1 5 1 41 1 23 1 18 1 36 2 9 2 27 2 5 1 5 1 5 1 5 1 5 1 9 1 0 0 0 0 0 0 23 1 63 2 36 2 27 2 9 2 9 1 0 0 0 0
9 Information about traffic situations 27 1 18 1 14 1 5 1 41 1 23 1 18 1 36 2 9 2 27 2 5 1 5 1 0 0 0 0 5 1 9 1 0 0 0 0 0 0 23 1 63 2 36 2 27 2 9 2 18 2 0 0 0 0

Presetation of subsystems  statusstatus 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 27 2 9 2 9 2 9 2 18 2 18 2 27 2 0 0 45 2 63 2 36 2 27 2 9 2 18 2 54 2 9 2
1 Truck upkeep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 0 0
9 Communication 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 9 2 9 2 9 2 9 2 9 2 18 2 18 2 14 1 18 1 45 2 63 2 36 2 27 2 9 2 18 2 54 2 5 1

Ph iys ologi lca ff e e tc f dis o  te 6 2 4 2 3 2 1 2 9 2 5 2 4 2 2 1 2 1 2 1 2 2 2 1 1 2 1 2 1 5 2 7 2 4 2 3 2 1 2 2 2 3 1 0 0
1 Noise isolation 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2 1 2 1 2 1 2 1 2 2 2 1 1 2 1 4 2 5 2 7 2 4 2 3 2 1 2 2 2 3 1 0 0
3 Suspension (air) 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2 3 2 3 2 3 2 3 2 6 2 6 2 0 0 0 0 15 2 21 2 12 2 9 2 3 2 6 2 18 2 0 0
1 Support laying down 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 Support sitting 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2 1 2 1 2 1 2 1 2 2 2 2 2 2 1 2 1 5 2 7 2 4 2 3 2 1 2 2 2 6 2 0 0
1 In cab starage 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 2 1 2 1 2 1 2 1 2 1 2 2 2 2 2 3 2 4 2 5 2 7 2 4 2 3 2 1 2 2 2 6 2 0 0
1 SOS alarm 3 1 2 1 2 1 1 1 5 1 3 1 2 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 3 1 4 1 2 1 2 1 1 1 1 1 3 1 1 1
1 Towability 3 1 2 1 2 1 1 1 5 1 3 1 2 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 3 1 4 1 2 1 2 1 1 1 1 1 3 1 1 1

Cargo Stability (Other) 6 2 4 2 3 2 1 2 9 2 5 2 4 2 2 1 2 1 2 1 2 2 2 2 2 3 2 2 1 5 2 7 2 4 2 3 2 1 2 2 2 6 2 1 2
1 Heating/ cooling 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2 1 2 1 2 1 2 1 2 2 2 2 2 3 2 4 2 5 2 7 2 4 2 3 2 1 2 2 2 6 2 0 0
1 Access area between cab and trailer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 6 2 1 2

Access cab 6 2 4 2 3 2 1 2 9 2 5 2 4 2 2 1 2 1 2 1 2 2 2 2 2 3 2 4 2 5 2 7 2 4 2 3 2 1 2 2 2 6 2 1 2
3 Impact protection 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Activities usually occurs 32 32 32 32 31 31 31 33 33 33 29 28 26 23 33 33 20 8 8 28 28 28 28 30 28 24 8
Activities can occurs 10 10 10 10 12 12 12 10 10 10 12 12 11 14 9 8 11 19 14 14 12 11 11 9 12 11 10
Activities does not occurs 10 10 10 10 9 9 9 9 9 9 11 12 15 15 10 11 21 25 30 10 12 13 13 13 12 17 34
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first Truck stot len Driving tunnel Driving under 

low bridge 

6 2 6 2 3 2 3 2 3 2 3 2 0 0 3 2 0 0 0 0 0 0 0 0 0 0 6 2 3 2
6 2 6 2 3 2 3 2 2 1 2 0 0 0 0 0 0 0 0 0 3 2 1
6 2 6 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 0 0 6 2 3 2
6 2 6 2 3 2 3 2 3 2 3 2 2 1 3 2 2 1 3 2 0 0 3 2 0 0 6 2 3 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 2 18 2 9 2 9 2 0 0 0 0 0 0 9 2 0 0 0 0 0 0 0 0 0 0 9 1 5 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1 0 0 0 0 0 0 9 1 5 1
6 2 6 2 3 2 3 2 2 1 2 1 0 0 2 1 0 0 0 0 0 0 0 0 0 0 3 1 2 1
0 0 0 0 0 0 0 0 0 0 1 2 1 1 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 0 0 0 0 0 0 1 2 0 0 0 0
9 1 9 1 5 1 5 1 0 0 5 1 5 1 9 2 0 0 0 0 0 0 0 0 0 0 18 2 9 2

18 2 18 2 9 2 9 2 0 0 1 1 2 0 0 9 2 0 0 0 18 9 2
18 2 18 2 9 2 9 2 9 2 9 2 0 0 0 0 0 0 0 0 0 0 9 2 0 0 18 2 5 1
9 1 9 1 5 1 5 1 5 1 0 0 0 0 9 2 0 0 0 0 0 0 5 1 0 0 18 2 5 1

18 2 18 2 9 2 9 2 9 2 0 0 0 0 0 0 0 0 5 0 18 9 2
18 2 18 2 9 2 9 2 9 2 0 0 0 0 0 0 5 1 5 1 0 0 0 0 0 0 18 2 5 1
3 1 3 1 2 1 2 1 3 2 0 0 0 0 2 1 2 1 0 0 0 0 3 2 0 0 3 1 2 1
9 1 9 1 5 1 5 1 9 2 0 0 0 0 5 1 0 0 0 0 0 0 0 0 0 0 0 0 5 1
18 2 18 2 9 2 9 2 9 2 0 0 0 0 9 2 0 0 0 0 0 0 0 0 0 0 18 2 9 2
18 2 18 2 9 2 9 2 9 2 0 0 2 0 0 0 0 0 0 0 18 9 2
18 2 18 2 9 2 9 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1
18 2 18 2 9 2 9 2 9 2 0 0 0 0 0 0 9 2 0 0 0 0 9 2 0 0 18 2 9 2
18 2 18 2 9 2 9 2 9 2 9 2 0 0 9 2 0 0 0 0 5 1 9 2 0 0 18 2 9 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
2 2 2 2 1 2 1 2 0 0 1 2 1 2 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
6 2 6 2 3 2 3 2 3 2 2 1 0 0 3 2 0 0 0 0 0 0 0 0 0 0 6 2 0 0
6 2 6 2 3 2 3 2 3 2 0 0 0 0 0 0 0 0 0 0 6 0 0
6 2 6 2 3 2 3 2 3 2 3 2 0 0 0 0 0 0 0 0 0 0 0 0 6 2 3 2
18 2 18 2 9 2 9 2 9 2 9 2 5 1 9 2 5 1 5 1 5 1 5 1 0 0 18 2 9 2
3 1 3 1 2 1 2 1 3 2 0 0 2 1 0 0 3 2 0 0 0 0 0 0 3 2 3 1 2 1
6 2 6 2 3 2 3 2 3 2 2 1 2 1 0 0 0 0 0 0 0 0 0 0 0 0 6 2 3 2
6 2 6 2 3 2 3 2 3 2 2 1 0 0 3 2 0 0 0 0 0 0 2 1 0 0 6 2 3 2
9 1 9 1 5 1 5 1 5 1 0 0 0 0 5 1 5 1 5 1 0 0 0 0 0 0 9 1 5 1
9 1 9 1 5 1 5 1 5 1 0 0 0 0 5 1 5 1 9 2 0 0 0 0 0 0 9 1 5 1

18 2 18 2 9 2 9 2 9 2 2 2 2 9 2 9 2 0 0 0 18 9 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 2 18 2 9 2 9 2 9 2 5 1 5 1 9 2 9 2 9 2 9 2 9 2 9 2 9 1 5 1
2 2 2 2 1 2 1 2 1 2 1 1 2 1 1 1 2 0 1 0 1 1 1
2 2 2 2 1 2 1 2 1 2 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 2 1 2
6 2 6 2 3 2 3 2 3 2 3 2 0 0 3 2 0 0 0 0 0 0 0 0 0 0 6 2 3 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 2 2 2 1 2 1 2 1 2 1 2 0 0 1 2 1 2 1 2 0 0 0 0 0 0 2 2 1 2
2 2 2 2 1 2 1 2 1 2 1 2 1 2 1 2 0 0 1 2 0 0 0 2 2 1 2
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 2 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 1 1
2 2 2 2 1 2 1 2 1 2 2 2 2 1 2 1 2 1 1 0 2 1 2
2 2 2 2 1 2 1 2 1 2 0 0 0 0 1 2 0 0 1 2 0 0 1 2 0 0 2 2 1 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 2 2 2 1 2 1 2 1 2 2 1 2 1 2 1 2 0 1 0 2 1 2
0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0

Total:
32 32 32 32 29 16 5 23 10 12 4 15 5 27 22 1026
10 10 10 10 9 13 14 10 11 8 3 4 1 13 18 450
10 10 10 10 14 23 33 18 31 32 45 33 46 12 12 707



Appendix 8
Deltagare 1 Deltagare 2 Deltagare 3 Deltagare 4 Deltagare 5 Deltagare 6 Deltagare 7 Deltagare 8 Deltagare 9 Deltagare 10 Medel:

Hur länge har du kört lastbil? (år) 30 32 15 25 12 19 0,5 13 11 4 16,15
Hur många timmar i veckan kör du? 60 45 45 50 50 45 50 40 45 40 47

Sverige 
(hela)

Sverige 
(norrbotten)

Sverige, 
Norge, 
Finland, 
Ryssland, 
EU, turkiet, 
grekland, 
saudi-
arabien

Sverige 
(Uppsala till 
Skåne)

Norge 
(mittnorge), 
Sverige 
(södra)

Sverige, 
Norge 
(mellan och 
södra)

Sverige, 
Örebro

Sverige 
(hela)

Finland 
(Åbo, 
hälsning-
fors, 
Lappeen-
ranta)

Sverige 
(Örebro, 
Stockholm), 
Norge (Oslo 
och söderut)

Kör: Fjärr Fjärr, dist Fjärr Fjärr, dist Fjärr Fjärr Fjärr Fjärr Fjärr Fjärr
Ålder: 51 52 34 54 29 38 19 43 29 54 40,3
Kön: Man Man Man Man Man Kvinna Kvinna Man Man Man
Situationer: Medel %: Poäng:
Motorväg 25 10 24 50 5 15 25 15 40 25 23,4 3

Lite trafik 5 10 6 40 3 10 25 10 10 20 13,9 2
Mycket trafik 20 0 18 10 2 5 0 5 30 5 9,5 1,5
Av- och påfart, filer går ihop 2 1 6 20 1 3 2 2 1 1 3,9 0,5

Landsväg 25 55 24 30 50 35 40 50 8 25 34,2 4,5
Lite trafik 5 40 0 15 20 15 40 30 8 20 19,3 2,5
Mycket trafik 20 15 24 15 30 20 0 20 0 5 14,9 2

25 0 12 10 2 25 2 10 8 25 11,9 2
Lite trafik 0 0 0 5 0 0 2 5 6 5 2,3 0,5
Mycket trafik 25 0 12 5 2 25 0 5 2 20 9,6 1,5

2 1 5 10 1 2 1 1 2 10 3,5 0,5
2 1 10 1 1 1 1 1 3 1 2,2 0,5
1 1 2 1 2 10 1 1 2 1 2,2 0,5
1 1 1 2 2 1 3 0 2 10 2,3 0,5
6 0 20 1 5 20 25 1 0 0 7,8 1

Först 1 0 10 1 1 5 7 1 0 0 2,6 0,5
Följer 5 0 10 1 4 15 18 1 0 0 5,4 1

20 2 10 10 1 2 3 8 3 1 6 1

20 10 20 10 10 5 0 4 5 5 8,9 1,5
1 1 50 20 40 10 0 10 1 20 15,3 2
5 20 50 30 25 15 5 4 20 8 18,2 2,5

25 20 40 35 40 35 50 50 30 30 35,5 4,5
Halt 10 20 35 20 40 35 30 30 20 25 26,5 3,5
Dålig sikt 10 10 35 10 10 5 10 10 10 20 13 2
Blåsigt 10 10 35 10 10 5 7 10 10 1 10,8 1,5

10 1 1 10 2 1 1 3 1 1 3,1 0,5
Kökörning 15 0 10 1 5 10 0 5 1 15 6,2 1

15 25 35 8 1 30 30 20 30 5 19,9 3

5 1 1 0 3 1 1 3 2 0 1,7 0,5
15 4 10 10 5 10 3 1 1 10 6,9 1

Utan trafikljus 14 2 2 5 4 9 2 1 1 5 4,5 1
Med trafikljus 1 2 8 5 1 1 1 1 1 5 2,6 0,5

Rondell 1 1 5 5 3 2 4 1 1 5 2,8 0,5
1 1 1 1 1 1 1 1 1 5 1,4 0,5
0 0 1 0 1 1 0 0 1 0 0,4 0,5
3 1 1 1 1 1 1 1 1 3 1,4 0,5
2 0 0 0 0 0 0 0 0 1 0,3 0,5
1 1 2 1 1 0 1 1 1 1 1 0,5
1 1 7 1 1 1 1 1 1 1 1,6 0,5
0 0 0 0 0 1 0 0 1 0 0,2 0,5
1 0 1 0 0 0 0 1 0 0 0,3 0,5

0 0 0 0 0 0 0 0 0 0 0 0,5

1 0 25 1 5 7 0 1 3 1 4,4 1
1 0 0 1 1 1 2 1 1 0 0,8 0,5

0.5 0 to 3,94
1.0 3,95 to 7,89
1.5 7,90 to 11,83
2.0 11,84 to 15.78
2.5 15.79 to 19.72
3.0 19.73 to 23.67
3.5 23.68 to 27.61
4.0 27.62 to 31.56
4.5 31.57 to 35.5
4.5 31.57 to 35.5

Vilka situationer tycker du är viktigast? Varför? Finns det någon situation där du tänkt på något problem eller att något skulle kunna underlättas? Vad i så fall?
Deltagare 1

Deltagare 2

Deltagare 3

Deltagare 4
Deltagare 5

Deltagare 6

Deltagare 7

Deltagare 8

Deltagare 9

Deltagare 10

Hinder, älg, stillastående bil
Färja, köra på + köra av

Köra i tunnel
Kör under låg bro

Spetsbyte (byt trailer)
Fel på lastbilen
Stopp pga olycka
Olycka först på plats
Olycka inblandad
Lastbil blir stulen (tid du lägger på att lösa detta, 
ej vänta på ny hemma)

Dåligt väder

Vägarbete, passerar

Påbörja och avsluta resan, (avslutad körning, 
men hämta trailer, lasta etc.)

Tvätta lastbilen
Korsningar

Personbilar kör för nära. (Beskrivit med en bild nära framför) Ofta när det händer en olycka är det för att personbilen är närsa så man inte ser detta. Ofta när "farliga" lastbilar har kört av vägen 
så får den skylden, även om dom väjde för en bil som höll på köra in i den.
Bil tätt bakom, problem om man ska bromsa. Personbilar kan vara svåra att se, sväger lite till höger och sen till vänster för att se om någon är bakom.. Då tror de att mna är full.. Kör på vintern. 
Snöplogarna kör 40 km/h  på E4:an utan mellanrum så man kan köra om. Hinne rinte ens på körtiden.

Korsningar, backning. Inte köra på eller krocka. Säkerhet.

Folk tränger sig in framför. Bilar trycker sig in framför. Dom måste förbi! Vårdslöshet från privatbilister. Tror att man har lämnat en lucka till dom när man har ett avstånd man behöver.

Comfort in truck, driving and sleeping. It is a workplace and a home! Parking.. Disel gone in the morning. Alarm for disel tank. Sometimes all of it is gone, sometimes 100 l. Then I call the police, 
the company I am working for, If I can drive to the petral station to reful I do that or the police will bring some fuel. Would not stop even if I have no more driving time, make a note to tell the 
police later. 
Bilister lägger sig för nära när dom kör om. Rondeller, för många och för små. Klättrar upp på kanter och förstör däcken när man har 24 m släp. I Uppsala tex.
Bil kör när in framför. De får gärna köra om men de svänger in för nära. Det blir farliga situationer. Mer rondeller för att få flyt i trafiken, mindre trafikljus.

Procent konverterat tilll poäng enligt:

Var kör du? (Länder, landskap)

Stadstrafik, filbyten.. Alla personbilsförare borde testa att sitta i en lastbil, för att se hur dålig sikten är nära lastbilen. Dålig förståelse. Diselstöld. Ser inte bersonbilar, dom förstår inte detta. Kör 
också in nära framför och tror man kan bromsa. 
Bilisternas beteende och människor som går eller kör in precis framför lastbilen. I korsningar, i sta när mna kör in och ut ur stader. I mindre stöder går folk mot rött. Människor, bilar i närheten, 
de bara kör. Kan gå jätteilla. Mitt fel, man kan kanske inte göra något i situationen.
Köer, mer bättre vägar. Andra alternativ, alternativa vägar. Lyssnar på trafikradion för att få information.

Kör i lastbilskonvoj

Körning i stadstrafik

Bli omkörd av lastbil/buss
Köra om ett annat fordon
Bil kör in nära framför
Bil kör nära bakom

Tanka(från in på området tills lämnat)

Parkera (från att man kommit in på 
pakeringsområdet och kör fram till parkeringsplatsen)

Rast längst vägen, står still
Sov i lastbilen
Kör i backar


