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Abstract

The Cognitive Work Analysis (CWA) framework is widely used
by researchers for the analysis of complex systems. It, how-
ever, lacks the same impact amongst industrial practitioners.
This thesis investigates possible adaptations of the framework
to project and industrial constraints, and the consequences as-
sociated with such adaptations. Long haul heavy vehicle trans-
portation is the application domain for the work presented in
the thesis. The CWA framework has been applied within the
Methods for Designing Future Autonomous Systems (MODAS)
project. Adaptations have been made to fit the framework within
the project constraints and the industrial contexts. Interviews
with stakeholders in an industrial organization regarding possi-
ble use of models from the CWA framework have been made.
The CWA was scaled to available resources when applied within
the MODAS project. From this we realized that prioritization
of work activity can have consequences on the resulting systems
ability to handle unforeseen events. Further, a focus on the cur-
rent system probed a rapid out-dating of the analysis due to
technical development. The conclusion is that even if advan-
tages are lost during adaptation due to practical constraints, the
CWA framework could add value to practitioners within industry
if adapted to the industrial context.
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Chapter 1

Introduction

The Cognitive Work Analysis (CWA) framework is a widely used approach
in the analysis of sociotechnical systems. Rasmussen developed an under-
standing of work in complex systems (Rasmussen, 1976; Rasmussen, 1983;
Rasmussen, 1986a; Rasmussen, 1986b; Rasmussen, 1997) which is the basis
for the CWA framework (Rasmussen, Pejtersen, & Goodstein, 1994). The
CWA framework has been further developed and reformulated by Vicente
(1999) and also adapted by Naikar, Moylan, and Pearce (2006), and Hassall
and Sanderson (2014).

The use of the CWA framework can be found in di↵erent research dis-
ciplines, like human-computer interaction, human factors, and cognitive er-
gonomics. Rasmussen et al. (1994) state that problem-driven research in
complex contexts are cross-disciplinary by nature because the focus is on
the academic approach that is most useful for solving the problem.

The framework also has many application domains (Read, Salmon, &
Lenné, 2012; Read, Salmon, & Lenné, 2015) as for example transportation
(Cornelissen, Salmon, McClure, & Stanton, 2013; Jansson, Olsson, & Er-
landsson, 2006; Salmon, Regan, Lenné, Stanton, & Young, 2007) and health
care (E↵ken, Brewer, Logue, Gephart, & Verran, 2011; Gorges, Morita,
Burns, & Ansermino, 2013; Miller, 2004).

Both the work by Rasmussen et al. (1994) and the more recent work
on the CWA framework often involves the analysis and development of real
systems. However, for practitioners working under industrial constraints
(like the need to gain profit) the CWA framework can require a too exten-
sive analysis – more than a company might be willing to invest (Vicente,
1999). Further, how to use the output of CWA in design is unclear (Read
et al., 2012; Read et al., 2015). If an analysis method is to be used within
an industrial context Andersson, Blig̊ard, Osvalder, Rissanen, and Tripathi
(2011) argue for the need to consider the engineers working in this context
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2 Chapter 1. Introduction

during the development of the method.
As researchers in an academic environment, we do analyses because we

believe that the final design will be superior if we gain an in-depth un-
derstanding of the system we develop. But to what extent is it feasible
to conduct analyses in practice? The CWA framework is a widely used
approach for the analysis of complex systems, but it seems like it has its
limitations of not being accepted or possible to use to the same extent by
industry practitioners.

1.1 Objectives and Research Questions

The overall research objectives in the current thesis are to investigate possi-
ble and necessary adaptations to the CWA framework. By identifying pos-
sibilities to fit the analysis to project demands and the application within
an industrial context, a broader use of the framework is supported. The
adaptation of the CWA framework for industry has the aim to ultimately
support better design of complex systems. These objectives have inspired
the overall research questions;

• What adaptations of the CWA framework are possible in order to fit
the framework to project constraints?

• What adaptations of the CWA framework are necessary and possible
in order to fit the framework to the constraints associated with an
industrial context?

• What consequences do the adaptations of the framework have?

1.2 The Study Context: the MODAS Project

The application domain of the work described within this thesis is long haul
heavy vehicle (truck) transportation, and the work has to a large extent been
conducted within the Methods for Designing Future Autonomous Systems
project (MODAS; Krupenia et al., 2014). The MODAS project had three
main goals; (1) to develop a method for future systems design; (2) to apply
the method for development of a driver environment concept for supervision
and control of a self-driving truck; and (3) to develop assessment techniques
for evaluation of highly automated vehicles.

Scania CV AB was the industrial partner in the MODAS project and
during the work included in this thesis. Other organizations involved in the
MODAS project were in addition to us at Uppsala University, also Lule̊a
University of Technology and Interactive Institute Swedish ICT.
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1.2.1 The Use of GMOC Within the MODAS Project

The analysis and design work within the MODAS project is to a large extent
based on the GMOC-model (acronym for Goal, Model, Observability, and
Controllability), which is related to control theory and based on dynamic
decision making (Brehmer, 1992).

The model has been successfully applied in di↵erent domains (Jansson,
Stensson, Bodin, Axelsson, & Tschirner, 2014; Olsson & Jansson, 2006;
Sandblad, Andersson, Kauppi, & Wikström, 2007) and has recently been
further developed by Tschirner (2015). Goal and model are both proper-
ties of the human operator. They represents the need to understand the
operators’ goals and the mental model is an important construct in order to
understand the operators and users’ understanding of the particular work
environment. Observability and controllability are properties of the tech-
nical system. Observability refers to the ability of the system to produce
information to the operator. Controllability refers to the ability of the sys-
tem to support the human operator to a↵ect the process.

1.3 Thesis Structure

The next chapter is positioning the thesis within the research field of human-
computer interaction. Chapter 3 gives an overview and an introduction to
the CWA framework. Chapter 4 includes descriptions of the papers included
in this thesis, with the aim of describing how the papers fit together and
contribute to answer the research questions. Chapter 5 includes a discussion
regarding the research questions, conclusions, and future work.





Chapter 2

Di↵erent Approaches to
Human-Computer
Interaction

Human-computer interaction is a broad interdisciplinary area, with the roots
in computer graphics, human factors, ergonomics, industrial engineering,
and cognitive psychology. Further, human-computer interaction includes
for example application design and development of interfaces from computer
science, the application of theories of cognitive processes and empirical anal-
ysis of user behavior from psychology, and also sociology, anthropology and
industrial design (ACM SIGCHI Curricula for Human-computer Interac-
tion, 1992). The report from ACM defines human-computer interaction as
follows:

Human-computer interaction is a discipline concerned with
the design, evaluation and implementation of interactive com-
puting systems for human use and with the study of major phe-
nomena surrounding them. (p. 5)

Harrison, Tatar, and Sengers (2007) describe human-computer interac-
tion as an interdisciplinary field consisting of three paradigms. The first
paradigm based on human factors and engineering, is focused on optimiz-
ing the fit between man and machine. The second paradigm has roots in
cognitive science and sees the human mind and the computer as coupled
information processors. Harrison et al. (2007) argue for a third paradigm,
consisting of for example participatory and user experience design, that
treats interaction as a form of meaning making and can handle phenomena
as embodiment, situated meaning, values, and social issues.

5



6 Chapter 2. Di↵erent Approaches to Human-Computer Interaction

A variety of research fit within the borders of human-computer interac-
tion, all studying aspects of the human interaction with computers. The
report from ACM mention design, evaluation, and implementation, and it
is possible to add analysis of work as a part of human-computer interaction.
It is analysis that is in focus in this thesis, because the CWA framework is a
framework for analysis of complex systems. Within human-computer inter-
action the traditionally common analyses are task analyses, as for example
Hierarchical Task Analysis (Annett & Duncan, 1967) and GOMS (acronym
for Goals, Operators, Methods, and Selection rules; Card, Newell, & Moran,
1983; Benyon, Turner, & Turner, 2005). The CWA framework is di↵erent
from those task analysis approaches because of a focus on complex systems
and an aim of supporting the user to handle unanticipated events. The ap-
plication domain of this thesis is trucks. Truck drivers are professional (and
expert) users operating in a complex environment, while the research field of
human-computer interaction covers all from novice to expert users using ev-
erything from simple mobile phones applications to complex sociotechnical
systems.



Chapter 3

The Cognitive Work
Analysis Framework

The CWA framework is based on the work by Rasmussen and colleagues
at Risø National Laboratory (Rasmussen et al., 1994). The framework was
later restructured and re-formulated by Vicente (1999), which led to a wider
use of the framework. Today multiple research teams apply and further
develop the CWA framework in a variety of domains (Read et al., 2012), as
for example transportation (Cornelissen et al., 2013; Jansson et al., 2006;
Salmon et al., 2007), health care (E↵ken et al., 2011; Gorges et al., 2013;
Miller, 2004), and military (Bisantz et al., 2003; Jenkins, Stanton, Salmon,
Walker, & Young, 2008).

These domains can be considered as complex sociotechnical systems.
Complexity is here defined as consisting of di↵erent factors which a system
need to have to some degree to be viewed as a complex system (Vicente,
1999). Examples of such factors are if the system is dynamic, includes many
possible relevant factors to solve a problem, is distributed across places,
and involves hazards (Vicente, 1999). It is for these complex sociotechnical
systems that the CWA framework is useful. The reason for that is that
in a complex work environment unanticipated events can never be avoided.
When neither the workers nor designers can foresee all possible events, and
actions that will be needed in those events, we need a way to support the
worker to handle the situations when they occur. The worker will sometimes
need to solve unforeseen problems and make decisions on what actions need
to be implemented. To support the workers decision making the systems
functions and the constraints need to be apparent through the interface,
and what is essential to perform the tasks need to be presented - rather
than designing how the tasks should be performed (Rasmussen et al., 1994;
Vicente, 1999).

7



8 Chapter 3. The Cognitive Work Analysis Framework

3.1 A Historical Perspective

There are many di↵erent types of analysis techniques, and one way to un-
derstand the relation between them is to understand them as responses to
the development of complex sociotechnical systems over time. When so-
ciotechnical systems turn more and more complex, the conditions for use
and control of them also change. As a consequence, the techniques for an-
alyzing work need to change as a response to the fact that the complexity
of the sociotechnical systems increases. Three generic categories of models
for the purpose of grouping work analysis techniques are normative, de-
scriptive, and formative models (Rasmussen, 1997; also in Vicente, 1999).
The models can be seen as a way to examine the evolution of control of
sociotechnical systems in a number of application domains, and Vicente
suggested a progression over time, “from normative first-generation models,
to descriptive second-generation models, and only very recently, to forma-
tive third-generation models” (Vicente, 1999, p. 62). Below, each of these
is described in more detail.

3.1.1 Normative Approaches to Work Analysis

Traditional task analyses used in the fields of human-computer interaction
are for example Hierarchical Task Analysis (Annett & Duncan, 1967) and
GOMS (acronym for Goals, Operators, Methods, and Selection rules; Card
et al., 1983; Benyon et al., 2005). Methods for task analysis, such as GOMS,
prescribe through instructions how workers and users must behave in dif-
ferent work situations. A normative approach is associated with finding the
best way to conduct a task. The interaction with the technology and how to
conduct the work tasks can be specified through the interface design, with
check-lists, and with rules for the worker to follow.

There are two versions of task analyses: instruction-based and constraint-
based. Instruction-based task analyses prescribe not only what to achieve
in a certain situation, but also how. Constraint-based task analyses specify
what should not be done, that is, the constraints that must be respected.
The di↵erence is essential, and the instruction-based task analyses is by far
the most common type of task analysis (Vicente, 1999). The constraint-
based analysis allow the worker to decide exactly how to implement the
tasks, but both forms of task analyses are still restricted to certain tasks.
As mentioned above, workers sometimes need to be able to deal with unan-
ticipated or unforeseen events, and an interface based on a normative design
approach may be of limited value in such situations.
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3.1.2 Descriptive Approaches to Work Analysis

The descriptive approach is focused on developing technological support for
what workers really do, and what they actually try to achieve. Vicente
(1999) argues that “workers’ actions frequently do not – and indeed, should
not – always follow these normative prescriptions” (p.62). A descriptive
approach can be used to avoid the limitations associated with the normative
approach. In a sense, it is natural to base design on the actual use of a
current system, and descriptive approaches are important in understanding
what workers try to achieve in work situations. Vicente (1999) argues that
there are limitations also to this approach, because it is not enough to base
design of a new or updated system solely on studies of current practice.
Unreflected use of descriptive approaches may not be appropriate in the
development of new technology.

3.1.3 Formative Approaches to Work Analysis

Rasmussen et al. (1994) and Vicente (1999) have an alternate view on how
to conduct an analysis of a sociotechnical system. Instead of defining the
way for the users to complete the work, or, focus on the description of work
tasks provided by users, they instead focus on understanding the constraints
under which the user must act in order to achieve the goals of the work tasks.
This is a formative approach to work analysis, where the formative character
emanates from constraints that are shaping the behavior of the workers, or
“behavior-shaping constraints” (Vicente, 1999). Because neither the workers
nor designers can foresee all possible events in a complex work environment,
the workers need to handle the situations when they appear, and that is
why a formative approach to design is essential. Instead of defining what
the workers should do exactly, Rasmussen et al. (1994) and Vicente (1999)
argue for defining within what constraints a worker can perform actions to
fulfill the goals of which the worker is responsible for. This formative view
of development of sociotechnical systems gives the advantage that workers
can adjust what actions are implemented according to the actual situation.

3.2 The Phases of Cognitive Work Analysis

Despite the name, CWA is an ecological approach to work analysis, meaning
that environmental constraints are forming the work rather than the cog-
nitive constraints of the workers cognitive characteristics. Vicente (1999)
argues that both an understanding of the ecology of the work and the hu-
man cognition are of importance during analysis of a work system, but that
the analysis should start with a focus on the ecology, and later focus on
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aspects related to the human cognition. The CWA framework consists of
five phases starting from the ecological perspective moving towards analyz-
ing what is required to support the human operator. The following phases
described in the coming sections are adapted from Vicente (1999).

3.2.1 Work Domain Analysis

The first phase of the CWA framework is called the work domain analy-
sis, and includes analyses of the ecology of work. The constraints shaping
the work are analyzed independent of tasks, situations, and actors. The
knowledge gained during the work domain analysis is usually modeled in an
Abstraction Hierarchy (AH) or an abstraction-decomposition-space, which
is including the abstraction levels from the AH but also a system decompo-
sition (Vicente, 1999). The AH or abstraction-decomposition-space consist
of five abstraction levels, where the top one are called the functional purpose
and includes the overall purposes of why the system exists. The second high-
est level, the value and priority measures level, includes how the functional
purpose can be fulfilled. The middle level, the purpose-related functions,
include the functions in the work domain which can fulfill the value and
priority measures. The second lowest level, the object-related processes, de-
scribes the functions of the work systems physical components or objects,
which are placed on the lowest level in the AH (called physical objects). The
names of the levels used here are developed by Rasmussen and reported by
Reising (2000).

3.2.2 Control Task Analysis

The second phase of the CWA framework is the control task analysis which
includes analyzing known, recurring classes, of situations to identify the re-
quirements associated with skilled activity (Vicente, 1999). According to
Rasmussen et al. (1994), work activity can be decomposed into either work
situations (time and location) or work functions (functional content) depend-
ing on what is convenient for analysis. The first decomposition of the activity
corresponds to the labels used by workers and should be recurring, reason-
ably separated or isolated parts, usually at the levels of purpose-related
functions (Rasmussen et al., 1994). Naikar et al. (2006) argue that some
analysis of work domains can benefit from being defined by both work situ-
ations and work functions. A Contextual Activity Template (CAT; Naikar
et al., 2006), models the activity in the work domain as defined by work
functions and work situations.

Rasmussen et al. (1994) argue for di↵erentiating between prototypical
and typical work situations. The typical work situations refer to the normal
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or usual case usually referred to during user interviews. The prototypical
work situations instead represent the properties of also the unusual work
situations. The latter ones are found though the analysis of actual and
detailed cases.

At a certain level of decomposition of the work activity the focus will
be on control tasks, which are usually modelled in a decision ladder con-
sisting of data processing activities and the states of the knowledge they
lead to (Rasmussen, 1976; also in Rasmussen, 1986a). The decision lad-
der is a linear sequence of information-processing steps which is folded to
allow description of identified shortcuts between data processing activities
and states of knowledge (called shunts) or in-between states of knowledge
(called associative leaps), that are representing skilled behavior (Vicente,
1999).

3.2.3 Strategies Analysis

The strategies analysis is the third phase of the CWA framework and in-
cludes how the work can be implemented (Vicente, 1999). The same task
can be preformed with multiple strategies dependent on for example the
work load of the situation (Vicente, 1999). A strategy is here defined as
an idealized category of cognitive processes, as for example goal evaluation
or planning (Rasmussen et al., 1994). This definition of strategies gives a
limited number of worker independent strategies for preforming a task. In
contrast a strategy can be defined as an instance of a procedure, or the
actual implementation of a task, which could be unique to each worker and
situation (Vicente, 1999). The strategies analysis focus on the important
characteristics shared by the strategy implementations, which are the cate-
gories of strategies.

A formative strategies analyzing approach is developed by Hassall and
Sanderson (2014), and further developed and described as a part of the
SAfER method (Hassall, Sanderson, & Cameron, 2014). The approach con-
sists of two phases, the preparation phase and the application phase. During
the preparation phase Hassall and Sanderson (2014) identified eight cat-
egories of strategies by conducting a literature study. In what situations
the categories of strategies are most likely to be used depends on three
factors; the time pressure, the di�culty level of the task, and the level of
risk associated with the task (Hassall and Sanderson, 2014). The categories
of strategies can be used in any domain, and are in that way context-free
(Hassall and Sanderson, 2014).

The application phase of the formative strategies analysis approach is
divided into four steps (Hassall and Sanderson, 2014). The first step includes
selection of the activities to analyze. The second step includes identification
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of strategy-selection criteria; the time pressure, di�culty level, and risk
level. During the third and the fourth steps likely categories of strategies
and factors promoting strategy selection and change are identified.

3.2.4 Social Organization and Cooperation Analysis

The fourth phase of the CWA framework is the Social Organization and
Cooperation Analysis. The issue of how the requirements in the work system
can be distributed across workers and automation is regarded in this phase
(Vicente, 1999).

Organizational factors can be modeled in the AH, or the abstraction-
decomposition-space, and the decisions ladder developed during earlier CWA
phases. For example the abstraction-decomposition-space can be used to
map work roles and competences to di↵erent functions in the work system
and the decision ladder can be used to map di↵erent work roles to di↵erent
stages of conducting a task (Vicente, 1999).

3.2.5 Competencies Analysis

The fifth phase of the CWA framework is the Competencies Analysis, where
the requirements of the domain is defining the worker competences needed
(Vicente, 1999). The analysis during the Competencies Analysis is based on
the skill, rules, and knowledge taxonomy (Rasmussen, 1983) which describes
levels of behavior; knowledge-based behavior, rule-based behavior, and skill-
based behavior. The knowledge-based behavior is associated with deliberate
search, and with explicit goals that can be described by the worker. For rule-
based behavior the worker follows rules to complete the task, the goals are
implicit and the knowledge can be verbalized. The skill-based behavior is
instead associated with automatic actions which are implemented uncon-
sciously by the worker and that cannot be verbalized (Vicente, 1999).

Design solutions should support all three levels of behavior but not force
a higher level behavior more than what is required by the tasks (Vicente,
1999). There will be situations that require workers to engage in problem-
solving activities (knowledge-based behavior), and a complex task will often
require all three levels of behavior (Vicente, 1999). The knowledge-based
behavior is supported by interfaces that represents the functions and con-
straints in the work domain, which is the information described in an AH
(Vicente, 1999). The rule-based behavior is supported by one-to-one map-
ping between constraints in the work domain and the cues in the display, and
the skill-based behavior is supported by allowing the operators to perceive
the dynamics in the work system and act directly on the display (Vicente,
1999).



Chapter 4

Description of Papers

This section includes short descriptions of the five research papers and the
rebuttal. The rebuttal is a follow-up paper to a commentary by Burns and
Naikar (2016), which questioned the method developed and presented in
Paper III. The rebuttal is included in the thesis as Paper IV. Each section
includes a short description of the paper, comments related to the research
questions, and my contribution.

4.1 Paper I – Developing a 1st Iteration Concept
HMI for Supervising and Controlling a Self-
Driving Truck

This paper describes the first iteration of the development of an human-
machine-interface concept within the MODAS project. The concept was an
interface for control of a highly automated long haul truck. To develop the
concept the following work activities were conducted: work domain analy-
sis, observation study, control task analysis, activity prioritization, GMOC
interviews, expert workshop, mental modal details, and automation prefer-
ences. The work activities include a mix of phases from the CWA framework
and a user-centered design based on the concepts from the GMOC-model
(Tschirner, 2015).

The MODAS project had a pragmatic approach where methods were se-
lected and adjusted to fit within the project demands and the industrial con-
text. A demand on the CWA was the need to fit together with other parallel
methods, to together contribute to the development of the design concept.
The MODAS project involved a user centered system design approach based
on the concepts in the GMOC-model. The use of the GMOC-model influ-
enced how the CWA was conducted and how the results were used. Further
the methods used needed to fit with the projects time constraints, which is
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a situation common within an industrial context.
My contribution involved the work regarding the work domain analysis

and the control task analysis, which was also a part of my master thesis
(Bodin, 2013). Together with my colleagues from Uppsala University I con-
tributed with the planning and analysis of the GMOC interviews. The paper
is written by Stas Krupenia, who is the first author.

4.2 Paper II – Developing and Assessing a 2nd
and 3rd Iteration Concept HMI for Supervis-
ing and Controlling a Self-Driving Truck

This paper describes the development of the second and third iteration of
the MODAS human-machine-interface concept, as well as a description of
the final concept and the assessment that took place. The work activities to
develop the concept includes: 1st iteration user testing, 1st user testing for
design workshop, strategies analysis, strategies analysis for design workshop,
information distributions study, interaction preferences study, 2nd iteration
user testing, and internal review and refinement.

The strategies analysis conducted is more fully described in paper V, but
is in this paper summarized as a short description useful for the industrial
context. This paper is included in the thesis because it gives, together with
Paper I, a good overview of the MODAS project.

My contribution was to, together with my colleagues from Uppsala Uni-
versity, contribute during planning and analysis of the user testing, and to
conduct the strategies analysis study. The paper is written by Stas Krupe-
nia, who is the first author.

4.3 Paper III – Activity Prioritization to Focus
the Control Task Analysis

This paper describes the development of the activity prioritizing method,
which is a method for prioritizing activities during the control task analy-
sis phase to reduce analysis e↵ort. After completing a CAT including the
functions identified during the work domain analysis and the situations from
the observation study, more activities (functions in specific situations) than
we had the possibility to analyze were identified. The activity prioritizing
method was used to fit the CWA framework to the practical constraints by,
in a deliberate way, selecting the activities to include in the analysis of tasks
and strategies. Activities including functions with connections to many im-
portant higher level functions or values, and usually occurring activities that
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was occurring in common situations, where therefore prioritized.
The need for the activity prioritizing method came from the practical

constraints in the project, and the method was used to fit the analysis to
the project scope. Prioritizing what to include in later stages of analysis
gives methodological implications which need to be considered. When the
focus is on the more common activities, possible safety critical events might
not be covered by the analysis.

My contribution was to conduct the data collection, and analysis, for the
control task analysis. I am the main author and took the main responsibility
in writing the paper, together with the co-author Stas Krupenia, who also
gave input throughout the work process. The activity prioritization method
was developed already as a part of my master thesis (Bodin, 2013). The
contribution in this paper, and by me during my post graduate studies, is
a discussion of the implication of conducting such a prioritizing of activities
to focus CWA e↵ort.

4.4 Paper IV – Rebuttal to Burns and Naikar

The reviewers of Paper III, which were all knowledgeable about the field,
had di↵erent opinions about the paper. Their di↵erent standpoints led to
a discussion interesting enough to make it public, and Paper III was there-
fore published together with a commentary by Burns and Naikar (2016) and
the rebuttal. The commentary raised concerns about excluding important
detail for safety critical systems, especially when this is done during the
work domain analysis, and when the focus is on usually occurring events.
Burns and Naikar (2016) argue that also very rarely occurring or unforeseen
events can be, and are maybe even more, safety critical, and two alternative
prioritization procedures were therefore suggested. Further if the functions
in the CAT would have been defined as “work functions”, instead of func-
tions from the AH, less functions would have been identified and the activity
prioritizing method might not be needed (Burns & Naikar, 2016).

This paper includes a clarification of Paper III and an answer to the
critique by Burns and Naikar (2016). The activity prioritizing method is for
selecting what activities to include in further task and strategies analysis,
rather then encourage prioritization within the work domain analysis. Fur-
ther we recognize the critique of basing the selection of activities to include
in further analysis on frequency. The alternative approaches for prioriti-
zation, suggested by Burns and Naikar (2016), are while being useful not
solving the same problem as the activity prioritization method aimed to
solve.
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We recognize the shortcomings of excluding activities from analysis, but
are also arguing for the need of doing so in a deliberate rather than accidental
way. Functions from the AH were used in the CAT, as per Stanton and
McIlroy (2012), because one or multiple tasks implemented by a worker
could be associated with each function modeled in the AH. Activities from
the CAT that are not associated with work tasks could be excluded after
initial task analysis focused on a specific design solution. If “work functions”
had been included instead of basing the analysis on the functions modeled
in the AH, the prioritization would have been made already there in an
unconscious way.

My contribution was to, together with co-author Stas Krupenia, write
the rebuttal to clarify our standpoint.

4.5 Paper V – Eliciting Strategies in a Revolu-
tionary Domain: Exploring the Hypothesis of
Context-Free Strategy Categories

This paper describes a strategies analysis study for long haul trucks com-
pleted within the MODAS project. The strategies analysis was conducted
to give input into what strategies the concept for a future long haul truck
should support. The goal was to support multiple acceptable strategies to
let the driver decide how to complete the task in the actual situation. A for-
mative strategies analysis approach (Hassall and Sanderson, 2014) including
eight predefined categories of strategies that could be used in any domain
was used, and the analysis was completed with workshops with drivers. The
categories of strategies were a good base for discussions with drivers about
possible strategies in a future system. The predefined categories facilitated
identifying a broader set of strategies.

It was important that the analysis gave direct input to the designers
creating the design concept in the MODAS project. The results from the
strategies analysis were to be used as an addition to the information re-
ceived from the work activities described in Paper I and II. The method was
attempted to give more direct input to the MODAS project about design
ideas to support the di↵erent strategies. The steps taken were to use the
formative approach to find multiple driver strategies that should be sup-
ported through design, a user-centered approach to directly identify ways
to present information to support the strategies, and a hand over meeting
where the analysis results was discussed together with the vehicle ergonomist
and interaction designer.

My contribution was to, together with my colleague Anton Axelsson,
work with the preparation of the workshops with drivers, conduct the work-
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shops, analyze the data, and write the paper. The co-author Johanna
Vännström assisted during the data collection, and with analyzing the re-
sults. Anders Jansson gave input throughout the process.

4.6 Paper VI – Supporting Industrial Uptake of
Cognitive Work Analysis

This paper describes a interview study conducted to investigate the pos-
sibilities for the CWA models to live beyond the research project and be
used by di↵erent stakeholders within the organization. Further, the paper
includes a description of how the CWA models were created. A truncation
procedure to re-process the data collected for an object-related CAT to fit
a purpose-related CAT is described.

Applying the CWA framework on long haul trucks gave important in-
sights in the research project MODAS, but the CWA framework is compre-
hensive and required plenty of work for data collection and analysis. The
goal of the study was to investigate how to repackage the results of CWA
to be more useful for multiple stakeholders, with the aim to support the
industrial uptake of the framework and therefore also ultimately better sys-
tems design. The results from the interviews with stakeholders showed that
the AH could be a useful tool for visualizing relations between system parts
and higher levels functions and values of the system. The results also indi-
cated that both the object-related CAT and the purpose-related CAT are
useful and had advantages. The purpose-related CAT was assumed to be
more stable over time, while the object-related CAT was seen as easier to
interpret because of the closer connection to the technical system.

My contribution is the truncation procedure, most of the data collection
for the stakeholder interviews, and the analysis of the qualitative data. The
idea of interviewing the stakeholders was Stas Krupenia’s, who also analyzed
the quantitative data. Writing was a joint e↵ort.





Chapter 5

Discussion

In academia, CWA is a widely spread approach to analyze sociotechnical
systems. When using the CWA framework in an industrial context and
in a specific project some constraints are put on the analysis. Section 5.1
discusses the adaptations of the CWA framework that were done during the
MODAS project (based on Paper I – VI). Section 5.2 discusses possibilities
of a broader use of the CWA framework within industry (based on Paper
VI). Section 5.3 includes the conclusions related to the research questions
presented in Chapter 1, and Section 5.4 discusses possible future work.

5.1 Adaptation of the Cognitive Work Analysis
Framework to Project Demands

The first three phases of the CWA framework were applied in the MODAS
project, which was a research project performed within an industrial context.
The performed CWA was adapted to the project constraints, both regarding
time frames, resources, and specifications.

5.1.1 Prioritization of Work Activity

One adaptation to the CWA framework was the prioritization of the activ-
ities in the CAT to select activities for further analysis. The rational was
that we did not have the time and resources needed to analyze all activities
described in the CAT. A comprehensive discussion about the advantages
and disadvantages of activity prioritization is presented in Paper III, the
commentary by Burns and Naikar (2016), and in Paper IV.

The di↵erence between typical and prototypical work situations (Ras-
mussen et al., 1994) is of relevance for the discussion about the use of a
prioritization method. A typical work situation is according to Rasmussen

19



20 Chapter 5. Discussion

et al. (1994) a usual or normal situation, while a prototypical work situa-
tions is a situation representing properties of the work activity. Rasmussen
et al. (1994) argue that typical work situations are unreliable for designing
information systems because the generalization necessary for design cannot
rely on the typical case when no work situations will be the same due to
di↵erences in the context. Instead the prototypical situations should be
used, which are identified by analysis of a number of work scenarios. The
analysis needs to reflect a detailed understanding of the structure, decision
process, and information exchange for the work scenarios. When using the
activity prioritizing method, as done in Paper III, more usual situations are
prioritized. Rasmussen et al.’s (1994) argumentation is a way to describe
the problem with prioritizing the more common activities, which is brought
up by Burns and Naikar (2016). The identification of prototypical situations
instead of common situations seems useful for including a larger variety of
the work. However, we cannot be sure that the included prototypical situa-
tions represent the complete work in the work domain, due to unanticipated
events.

5.1.2 A Work Domain Model of an Existing System

To support the development of a future long haul truck concept, we strived
for an understanding of the current drivers’ work domain. The lowest level
in the AH included actual components and sub-systems of the truck. Those
were mapped to functions, values, and the purpose of the system, all de-
scribed by drivers, engineers, or the user manual. The focus was on the
functions that di↵erent components can have, rather than what they should
have or are having, to identify the constraints on the work. The two low-
est levels include a description of the current system. This means that the
analysis had both a formative approach and descriptive elements.

For long term development, as the MODAS project is an example of, the
current system does not need to be in focus. Therefore less details on the
lowest AH level might be su�cient. But in practice, the higher level of detail
was useful when trying to understand the current work domain. Often the
names of the actual system components were used to discuss functionality
with engineers and drivers. Less common and less obvious functions might
have been missed if less details were included on the lower abstraction levels.
Another reason for describing the current system in the AH was the hypoth-
esis that more concrete information about the system components would be
useful for shorter-term development. During the interviews about the use-
fulness of the CWA models for stakeholders within industry (described in
Paper VI) it was confirmed that the close connection between the lower AH
levels and the technical system was appreciated. It was for example men-
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tioned that the AH could be used to see which functions planned changes
of technical components would a↵ect.

A concern brought up during the interviews was that the analysis would
soon be outdated because of technical development. If the AH is modeling
the ecology of the work domain, would then technical development outdate
the AH? This is the case because of the descriptive elements included in
the AH. While CWA is suited to handle novelty by giving the possibility of
designing a new system based on the constraints imposed by the work itself,
it can also as here be used to describe an existing systems’ relations to higher
level functions and values (Vicente, 1999). The highest levels in the AH
should be relatively stable over time while the two lowest levels are largely
a↵ected by system changes. Excluding details about the current system by
only specifying general physical objects needed to fulfill the object-related
processes would have given the advantages of more time stable analysis. But
the by many stakeholders appreciated concrete connection to the technical
systems would have been lost.

5.1.3 Work Domain Functions From Two Abstraction Levels
in the Contextual Activity Template

During the control task analysis two CAT:s that includes functions from
two di↵erent levels of the AH were conducted. We collected the data for
functions on the object-related processes level in the AH. The object-related
processes are closely connected to the physical objects in the work system,
and the hypothesis was therefore that they are useful for engineers during
product development. The close connection between the CAT that includes
object-related processes’ and the technical system was appreciated by the
participants in the interview study (presented in Paper VI). However, more
abstract functions seemed to be more useful for long-term development work
because of the stability over time. This was also seen when we used the
data to decide what activities to include in the strategies analysis, which
was conducted for long-term development.

5.1.4 Input From the Analysis to Design

The CWA was conducted to support the design of a future truck concept
within the MODAS project. How information modeled during the work
domain analysis and control task analysis should be translated to specific
design solutions was not straightforward, for neither the analysts nor the
designers. The reason for this was the large amount of data included in the
models, and the di�culty to read the models for someone not used to do
so, or not involved in analysis work. That the CWA framework does not
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directly inform design was also reported by CWA practitioners participating
in the survey by Read et al. (2015), and that there is an unclear connection
between CWA and design is argued by Read et al. (2012).

An important aspect that influenced how the strategies analysis was
carried out was the need for direct input to the design of the next concept
iteration. We adapted a user-centered approach to the strategies analysis.
Possible strategies to conduct the tasks and design suggestions were dis-
cussed with drivers (see Paper V). Afterwards the analysts discussed these
suggestions and identified strategies with the designers of the next concept
iteration. The analysts conveyed the idea behind the suggestions and the
strategies that should be supported through the design. The designer later
included the suggestions and the strategies into a holistic design concept.

5.1.5 Compatibility Between the CWA Framework and the
GMOC Model

In the MODAS project the GMOC-model was the main foundation for the
conceptual work, which the CWA framework needed to complement or fit
together with. This constraint on the CWA work was acceptable because
the approaches are not contradictory and even have similarities.

Both approaches are adapted for the development of systems including
expert workers. Tschirner (2015) writes regarding observability;

Instead of hiding the complexity of a process by hiding (too
much) information, we suggest appropriate and careful designed
visualization of this information (p. 63)

Visualizing the actual complexity of a process is in line with the ecological
approach suggested by Rasmussen. The workers’ expertise can be utilized
during work implementation if the system design provides the opportunity
to adjust the task implementation dependent on the situation. The goal
of both the CWA framework and the GMOC-model are to support human
decision making in complex environments by visualizing the complexity of
the work rather than hiding it from the worker.

The CWA framework is an ecological approach which emphasizes the
importance of understanding the environment and the work, and how the
associated constraints should be visible in the display. The GMOC-model
focuses on the human operator and the interaction with the interface. The
user perspective added by the GMOC-model was more easily adopted by
the industrial partner, probably because it is more similar to user-centered
design which is commonly used. The ecology of the work is not explicitly
mentioned in the description of the GMOC-model, even though it is im-
portant in dynamic decision making which the GMOC-model is based on.
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Further, the mental model the operator needs, rather than has, is of inter-
est (Tschirner, 2015). This implies a need for an understanding of the work
ecology. The CWA framework prompts more detailed information about the
ecology, as the understanding of the relations between the functions modeled
in the AH. The knowledge of the environment is also of value when applying
the GMOC-model, because it is an advantage when identifying what mental
models the workers need. Further knowledge about the users is not irrele-
vant according to the CWA framework and usually added in later analysis
phases. As Vicente (1999) argues, both an understanding of the environ-
ment and the human cognition are of importance during analysis and design
of work in a complex system. Therefore, the di↵erences in focus on ecology
and cognition between the GMOC-model and the CWA framework are only
in terms of degrees.

5.2 Possibilities for Broader Use of the CWA Frame-
work Within Industry

Vicente (1999) argues that analysis of a complex system, by using the CWA
framework, involves more work than some companies might be willing to
undertake. Suggestions to facilitate the use of CWA were computer-based
CWA tools and prototypical template analyses with common constrains for
di↵erent domains (Vicente, 1999). Andersson et al. (2011) argue for apply-
ing a use centered approach in the development of human factors methods
that are to be used in industry, and that simplicity of use has to be balanced
against methodological thoroughness. Andersson et al. (2011) also empha-
size that the CWA framework cannot be simplified to the extent that it can
no longer handle the complexity of the domains that are analyzed.

During the interviews with the stakeholders at Scania (see Paper VI) we
found that the AH was seen as a useful visualization of the relations between
system parts and system values. The object-related CAT was seen as easier
to interpret because of the closer connection to the technical system while
the purpose-related CAT was assumed to be more stable over time which is
good for long-term development. During the stakeholder interviews it was
also seen that the engineers or managers that had a broader system view
saw the CWA models as more useful than engineers more focused on a more
isolated technical system. It seems reasonable that if the CWA model, as
for example the AH, includes details relevant for the practitioners work then
the model will be seen as more useful compared to a more general model. In
that way a narrower scope on a certain system, as the long haul truck, could
be of larger interest to stakeholders in an industrial organization compared
to a broader analysis of an entire organization.
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Even though we did find a potential wider of use of the CWA framework
within an industrial context, there has to be a reason for why the framework
is not used to a larger extent today. Our study involving stakeholder inter-
views concerns the use of an already developed CWA model for additional
stakeholders (moreover the researchers creating the models). The rational
was that if the models could be used and further developed by stakeholders
within the organization a larger initial resource investment when perform-
ing the initial CWA would be justified. The response might have been less
positive if also the engineers were to model the system from scratch because
of the extensive analysis needed to perform the analysis.

As argued by Andersson et al. (2011) the engineers working in industry
need to be considered during the development of human factors methods if
the methods are to reach a wide industrial usage. To be used in practice the
CWA framework needs to o↵er something more than other human factors
methods, also when considering the e↵ort needed for the analysis. If we
identify a good way to narrow the scope of the CWA analysis it should
be of more value to human factors practitioners and engineers working in
industrial projects.

5.3 Conclusions

The first research question concerns possible adaptations of the CWA frame-
work to fit the analysis to project constraints. When applying the CWA
framework in the MODAS project we saw a need to scale the task analysis
to the available resources and the focus on future system development. The
activity prioritization method was developed and used to select what part of
the work activity the task and strategies analysis should focus on. Regard-
ing the research question about what consequences the adaptations of the
framework can have (Research Question 3), we realized that prioritization
of work activity can have large consequences to the very purpose of using
CWA, and ultimately to the resulting systems ability to handle unforeseen
events.

Other adaptations were to base the domain analysis on the current sys-
tem, and to model the work activity in two di↵erent CAT:s, including either
object-related or purpose-related functions. One consequence was that all
the accessible information from the current system gave the CWA models a
large extent of detail, which was useful for an extensive understanding of the
domain. It however also probed the need for activity prioritization. Another
consequence we saw was the possible rapid out-dating of the models due to
technical development because of the close relation to the current system.
This is something that can be handled by updating the models when new
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sub-systems are developed.
The CWA needed to give input to the design concept developed within

the MODAS project and to work in harmony with other design or analysis
approaches. The strategies analysis was conducted in a user-centered man-
ner where the focus was to provide design suggestions on how to support
di↵erent strategies directly. The GMOC-model was the framework in fo-
cus within the MODAS project. Because of the shared design philosophy
of visualizing the work domains complexity in the interface, and that the
frameworks complement each other, both frameworks could be used.

The second research question is what adaptations to the CWA framework
are necessary and possible to fit the framework to an industrial context, and
in that way support a wider use of the framework. The constraints from an
industrial project often cannot allow the extensive analysis associated with
CWA of complex systems. Therefore approaches for scaling the analysis to
smaller projects would give more opportunities to use the CWA framework.
Even if advantages are lost during adaptation to practical constraints the
CWA framework could add value to practitioners within industry if adapted
to the industrial context. Further procedures for how di↵erent stakeholders
in an organization can use the models and keep developing the analyses
would justify a larger initial resource investment when performing the initial
CWA.

The third research question regards what consequences adaptations of
the framework can have. Also within the industrial context we need to
carefully consider how side steps from the CWA methodology can a↵ect the
analysis and in the end the design of the resulting system, as in the case of
activity prioritization. When attempting to focus the analysis e↵ort there
is a risk to miss what is essential, and to lose the overall picture of the
sociotechnical system that is analyzed. Therefore we still see the need for
further development of an approach for focusing the analysis e↵ort, which fit
within industrial constraints but preferably do not exclude activities from
analysis.

5.4 Future Work

Results from the stakeholder interviews (Paper VI) indicated a possible use
of the AH also for higher management levels. Therefore, future work re-
garding how the CWA framework can be used in an industrial context can
include interviews with managers at higher organizational levels. To involve
the managers in the CWA work might further probe a support for use of
CWA within an organization.

Possible future work regarding possibilities to adapt the CWA framework
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to project constrains is to apply the CWA framework in another context, to
see if the same conclusions are to be made. I plan to conduct a CWA for an
intensive care unit. The scope will therefore move from an industrial context
to the influence on CWA from di↵erent contexts. The focus of my future
work is the procedure of extracting system and design requirements from
the analysis. Possible designs, that are to be evaluated towards the CWA
models and by users evaluation, are to be generated during brainstorming
workshops based on the information in an AH.
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Feature at a Glance (abstract)  

In this article we describe the process used, and results obtained, of an attempt to 

create the first iteration of a Human Machine Interaction (HMI) concept for supervising and 

controlling a self-driving heavy commercial vehicle (hereafter “truck”). The work reported 

here was conducted as part of the Methods for Designing Future Autonomous Systems 

(MODAS) project (Krupenia et al., 2014) which had three primary goals: (a) create a method 

for future (non-existent) systems design; (b) apply the method to develop a driver 

environment that facilitates the safe, efficient, and pleasurable supervision and control of a 

self-driving commercial truck; (c) develop a set of assessment tools for evaluating the 

concept. In this article we describe the methods used to design the first iteration of the 

auditory-visual HMI with a focus on how the research and analysis results lead to concrete 

design solutions. 

 

 

Keywords: Autonomous Vehicle, Driver Vehicle Interaction, HMI, Head-Up Display, 

multimodal interaction, GMOC 
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Developing a 1st Iteration HMI Concept for Supervising and Controlling a Self-Driving 

Truck 

 

The development of modern sensors, processors, and actuators have the potential to 

create a paradigm shift in driver-vehicle relationships. Advanced automation changes the 

driver’s role from “driving” to “supervising” (Krupenia et al., 2014). Creating new HMIs to 

support this paradigm shift is challenging. There are at least two reasons for why traditional 

design approaches for in-vehicle HMIs are limited when developing next generation 

automotive interfaces. First, current design methods typically involve analyzing current 

systems for which the human-technical relationship may not be comparable to those in future 

systems (Krupenia et al., 2014). Second, there are few structured approaches for using 

formative analysis results to support design (Read, Salmon, & Lenné, 2012). In response to 

these challenges, the Methods for Designing Future Autonomous Systems (MODAS) project 

(Krupenia et al., 2014) attempted to develop and implement a method for designing ‘future’ 

(non-existing) sociotechnical systems and to apply this method to develop the driver 

environment (cab) of a self-driving truck (for MODAS, SAE level 3 was targeted; SAE, 

2013). Whereas the rational for attempting to develop this method has been previously 

described (Krupenia et al., 2014), together with several detailed methodological descriptions 

(Bodin & Krupenia, 2015, in press; Duffield & Krupenia, 2015; Jansson, Stensson, Bodin, 

Axelsson, & Tschirner, 2014), there does not yet exist a comprehensive description of how 

each step of the method influenced design—it is this gap that is addressed in the current 

manuscript.  

Project Activities and Influence on Design 

The MODAS project was a two year project that included three iterations of 

development. Although there was a deliberate attempt to avoid a legacy-based design, work 
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was still bounded by practical technological and legal constraints. For MODAS, it was 

assumed that vehicles will require drivers to sit in a seat with traditional driving technologies 

(steering wheel, pedals, and so on) available for use if required/desired. The current 

manuscript reports only the work that contributed to the first iteration of design. Information 

about later iterations and assessment are discussed elsewhere. In total, nine activities (Figure 

1) were performed during the 1st Iteration: (a) Literature review (not included here), (b) 

Observation Studies, (c) Work Domain Analysis (WDA), (d) Control Task Analysis 

(ConTA), (e) Activity Prioritization, (f) Goals, mental Models, Observations and Control 

(GMOC) Interviews, (g) Expert Workshop, (h) Mental Model Details, and (i) Driver-

Automation Preferences. 

 

Work  Domain Analysis

Observation Study

Control Task Analysis

Activity Prioritization

GMOC Interviews

Expert Workshop

Mental Model Details

Automation Preferences

ACTIVITY INFLUENCE ON HMIINFLUENCE ON SYSTEM

Overall goals to be 
supported

Activity specific design 
solutions

Driver proposals on HMI

Design expert proposals on 
HMI

Information categories for 
visual and auditory displays

OTHER

Strategies Analysis

Domain Experience

Identification of Key Traffic 
Scenarios

Identification of Key R&D 
areas

Definition of system 
functionality

Literature Review

 

Figure 1. Overview of Activities (blue) and their effect on other Activities, HMI (orange), 

system design (green), and other factors (yellow; including activities in later iterations).  
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In what follows, we present a brief description of each Activity and how the activity 

influenced design. We conclude with a description of the resultant auditory and visual 

displays and a brief conclusion. 

Observation Study 

The Observation Study included two 4-day drives (totaling 4800km) using multiple 

cameras to collect video from professional truck drivers. Cameras recorded the driver’s face, 

hands, forward field of view, cab overview, and additional details as required. For four 

drivers during one observation drive, each driver was asked to think-out-loud for four ten-

minutes periods. A composite Picture-in-Picture (PIP) video (Figure 2) was created using the 

multiple video streams and logged GPS coordinates. The PIP videos were reviewed and 

tagged for different events/situations using a two tier system. In total, 63 Situations were 

identified. Tier 1 Tags included: Driving, Traffic Situations, Stopped, Ferry, Washing, and 

Interacting with Others. A sample of Tier 2 tags are: turning at a junction (no traffic light), 

negotiating a roundabout, and a dynamic roadway obstacle (e.g. person).  

 

Figure  2. Screen grab of Picture-in-Picture video from Observation Study. 
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The Observation Study contributed to the design in four ways. First, it provided an 

opportunity to become better acquainted with the domain. Second, the Observation Studies 

were referenced during the WDA. Third, the observations were used for identifying situations 

included in the ConTA. Fourth, the PIP videos were used during the GMOC interviews 

Work Domain Analysis (WDA) 

The objective of the WDA (Vicente, 1999) was to identify the problem solving space 

relevant for long haul trucks. The WDA was completed via multiple rounds of interviews 

with professional truck drivers and subject matter experts, and via the Observation Studies. In 

particular, the data captured during the think-out-loud sessions provided new insights into 

system functions. The Abstraction Hierarchy was modeled iteratively following each 

interview (Bodin, 2013; Bodin & Krupenia, in press) and contained approximately 325 

nodes. An excerpt of the top three levels is presented in Table 1. 

 

Table  1. Summary of Abstraction Hierarchy. 

Functional Purpose Values and Priorities Purpose Related Functions 

Goods Distribution via 
Road Transportation 

Reputation 
x Internal (to employer) 
x External (to customer) 

Efficiency and Effectively 
x Efficient Relocation 
x Work and Cargo Transport 

Safety 
x Safety when standing still 
x Crash Avoidance 
x Truck sustainability 
x Crash Safety 
x Injury-free work 

Comfort 
Laws Regulations 
Organizational Regulations 

Crash Protection 
Robustness 
Good (gentle/forbearing) driving 
Maintenance 
Cabin/truck access 
Truck standing still 
Other’ Awareness of the System 
Workload Reduction 
Loading/unloading 
Security 
Logistical Planning 
Road Holding 
Cargo Transport 
Fuel Efficiency 
Relocation 

 

The most valuable feature of the WDA was the explicit identification of Values and 

Priorities. These provided a clear grounding for what the system should support. The WDA 

was also necessary for completing the ConTA and Strategies Analysis (not reported here). 
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Control Task Analysis (ConTA) 

Whereas the WDA defined the constraints and affordances of the work domain, the 

ConTA identified the tasks that rely on the work functions (Vicente, 1999). To complete the 

ConTA, data from the WDA were integrated with situations identified during the Observation 

Studies and modeled in a Contextual Activity Template (CAT; Naikar, Moylan, & Pearce, 

2006) (Figure 3). The CAT included  51 Object Related Processes from the WDA 

crosschecked with Situations from the Observation Study. Interviews with drivers were 

conducted to better understand the relationship between the Object Related Processes and the 

Situations. 

 

Situation Frequency

Function 
priority

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 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 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 Light 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2
3 Cargo manipulation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 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
9 Route 54 2 36 2 27 2 9 2 81 2 45 2 36 2 36 2 9 2 27 2 0 0
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
3 Navigate 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 2 1
1 Lockability 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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
3 Travel time (estimated) 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2
3 Travel time (driven) 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 3 2
1 Vehicle stability 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2
3 Speed stability 18 2 12 2 9 2 3 2 14 1 8 1 6 1 6 1 2 1 5 1 3 2
3 Obstacle avoidance speed control 18 2 12 2 9 2 3 2 27 2 15 2 12 2 12 2 3 2 9 2 2 1
1 Vehicle following speed control 6 2 4 2 3 2 1 2 9 2 5 2 4 2 4 2 1 2 3 2 1 2
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

3

Highway

4.5

Country road

2

Urban 
driving

1.52

Highway Low 
traffic

Highway 
High traffic

Highway, 
lane change

0.5 2.5 2

Urban 
driving low 

traffic

Urban 
driving high 

traffic

Being 
overtaken of 

truck/bus

Country road 
high traffic

Country road 
low traffic

0.51.50.5

 

Figure 3. Excerpt from Control Task Analysis including data from the Activity Prioritization 

(blue digits and green cells). 

 

The ConTA contributed to the design by providing insights into how functions were 

exploited. This supported design work when attempting to create solutions for specific 

scenarios. The specific design scenarios (Key Traffic Scenarios) were selected and developed 

on the basis of Activity Prioritization. 
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Activity Prioritization 

Activity Prioritization involved a multi-faceted procedure for prioritizing Activities to 

identify each Activity’s overall impact on system performance (an “Activity” is the instance 

of a WDA Function in a specific Situation). Using three values, each Activity received a 

Priority Score that was ordered to create an Activity Priority List (Bodin & Krupenia, 2015, 

in press).  

By identifying priority areas, Activity Prioritization enabled a smarter allocation of 

project resources (Bodin & Krupenia, 2015, in press). The results of the Activity 

Prioritization, enabled the identification of five Key Traffic Scenarios for which automation 

and the MODAS solutions could be valuable; highway driving, hills, slippery roads, poor 

visibility, and country roads. 

Goals, mental Models, Observability, Controllability (GMOC) Interviews  

The data and results from the Observation Study, the WDA, and ConTA were 

analyzed and reviewed according to the GMOC framework (Olsson & Jansson, 2006; 

Tschirner, 2015).  Data Reduction occurred by first confirming the validity of the Key Traffic 

Scenarios. Next, a two part interview process was conducted. In Part 1, drivers were probed 

on their current activities within the key scenarios. For this, the PIP videos from the 

Observation Studies were used (Jansson, et al., 2014; Jansson, Erlandsson, & Axelsson, 

2015). In Part 2, drivers were probed on possibilities for future development.  

The GMOC Interviews supported design by providing the development team with an 

understanding of how drivers construct an understanding of their work domain (their 

‘conceptual configuration’). Phase 2 provided a driver perspective on how the future cab 

could look and feel. 
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Cognitive Ergonomics Workshop 

To obtain a broader perspective on the issues covered during the GMOC Interviews, a 

one hour workshop was conducted with Scania’s Cognitive Ergonomics Team. During this 

workshop, each Key Traffic Scenario was described and presented with an associated driving 

image and the relevant PIP films. For each situation, delegates were asked to consider:  

x Driver information needs? 

x What could be automated? 

x What should be displayed? 

The workshop complemented the GMOC interviews. Delegates were very familiar 

with the domain and provided clear and concise feedback on potential systems and displays. 

The workshop delivered potential HMI and systems-oriented solutions. 

Driver Mental Models Detail 

A key finding from the GMOC interviews was that, from a driver perspective, the 

domain can be divided into six categories (Conceptual Configurations): Truck, Close 

Surrounding, Convoy, General Traffic Situation, Landscape or Environment, and Goods 

Relocation. Additionally, a seventh configuration was added, the vehicle’s representation of 

the driver. A deeper understanding of these conceptual configurations was established via 

two activities: Refining the definition of each configuration (via subject matter experts), and 

identifying the kind of information used to construct the configuration (via drivers). To 

understand what information drivers use to develop their configuration and in what modality 

(visual, auditory, kinaesthetic etc.) four 2-hour long interviews were conducted with 

professional truck drivers (Krupenia et al., 2013). 

The Mental Model Detail activity supported the design of the displays by identifying 

categories of information important for the driver. These categories strongly influenced the 
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design of at least one visual display (the Concept Configuration Display). Additionally, the 

categories and the information contained within were used to define the auditory displays.  

Driver Automation Preferences  

This Activity was conducted to identify boundaries and expectations on where drivers 

would appreciate automation versus retaining manual control. Identifying the Driver 

Automation preferences was a two part process. In Part 1, together with four drivers, a Task 

Analysis was completed for approximately 50 common or critical driving tasks (e.g. 

overtaking on a highway, passing a tractor on a country road, following a car at a safe 

distance in foggy weather). In Part 2, these analyses were reviewed with the same drivers 

who provided feedback on the kind of automation they would like for each task and how each 

task could be simplified. The Driver Automation Preferences provided boundaries on what 

could be automated and what should be manually controlled. Additionally, design 

requirements for the different situations were identified. 

Design Descriptions 

Three visual display concepts were created using the data from the aforementioned 

activities: Concept Configuration, Operational-Tactical-Strategic, and OODA-Loop. The 

design process for each display involved considering Spatial, Component, and Semantic 

levels. The Spatial level considered the positioning of information containers (placement). 

The Component level explored different kinds of information containers (content). The 

Semantic level considered styling, visual aesthetics (appearance), and how to present 

information to be familiar and natural to the driver. In the current manuscript we discuss 

Spatial and Component levels only. Three auditory displays were also created. At the end of 

the 1st Iteration the visual and auditory displays were not yet integrated into a single, holistic 

display. The visual displays were digital sketches superimposed on scenes representative of 

the Key Traffic Scenarios. All visual displays were static and all information was presented 
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on a full Windshield Head Up Display (WHUD). The WHUD was selected because it is an 

emerging and likely technology for use in self-driving vehicles. Additionally, the WHUD 

gave the opportunity to present all information on a single display without being overly 

cramped. In later design iterations, the distribution of information to multiple displays was 

examined. The visual and auditory displays are explained below. 

Concept Configuration Display 

The Concept Configuration display (Figures 4 and 5) was created to support the 

identified Concepts that drivers use to construct their work domain representations. On a 

Spatial Level, information was approximately distributed to areas where the information 

would naturally be obtained. Driver information was placed in a rear view mirror position 

(i.e. to view back at the driver), General Traffic Information was on the left side close to the 

mirror, and Truck Information was near the Instrument Cluster. Immediate Surroundings 

Information was similarly placed near the Instrument Cluster where warnings traditionally 

appear. Convoy Information was placed centered and to the top of the WHUD approximating 

where a leading truck appears. Cargo and Landscape and Environmental information was 

placed on the right side—this infrequently viewed information was intended to be less 

conspicuous.   

 

Figure 4.  Spatial layout and configuration for the Concept Configuration Display. 
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On a Component Level, each information container presented information relevant to 

that Concept (e.g. cargo temperature was in the Cargo container). Driver Information 

conveyed required and current ‘attention level’ (a placeholder for a to-be-defined measure). 

General Traffic included (e.g.) speed, automation mode, and upcoming road or environmental 

features. Truck Information included mechanical information. Immediate Surrounds 

presented the distance to immediate objects. Convoy Information presented the order of the 

convoy and the other drivers’ names. Cargo Information included specific information 

relevant for the cargo (e.g. temperature) including delivery times. Finally, Landscape and 

Environment included current and expected temperatures along the route and other climatic 

features. 

 

Figure 5. Design proposal for the Concept Configuration display. 

 

Operational-Tactical-Operational Display 

The Operational-Tactical-Operational display (Figure 6 and 7) was created to support 

the three levels of driving control described by Michon (1985; also Lee & Strayer, 2004).  On 

a Spatial Level, Strategic Information was presented at the top, along the length of the 

WHUD. Tactical Information was presented along the bottom and right side. Operational 

Information was presented as Augmented Reality in the center of the WHUD.  
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Figure 6. Spatial layout and configuration Operational, Tactical, and Strategic display. 

 

On the Component Level, Strategic Information appeared as a timeline for the 

journey. The topographic timeline included factors affecting the overall journey, (e.g. rest 

stops, expected delays, etc.). Tactical information (birds view) was presented on the right side 

and included information about surrounding vehicles and the driver’s own truck behavior 

over the next (approximate) minute. On an Operational Level, the augmented reality visually 

emphasized objects and hazards and less critical information about other vehicles, close 

surroundings and road conditions. 

 

Figure 7. Design proposal for the Operational-Tactical-Strategic Display. 
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OODA-Loop Display 

The OODA-Loop (Boyd, 1995) display (Figure 8 and 9) presented information 

containers to support Observing, Orienting, Deciding, and Acting. On Spatial Level, 

information to support Observation was presented in the Instrument Cluster. Orientation 

Information was presented on the WHUD and surrounds the Observe information which was 

intended to ‘expand’ awareness from observing to understanding. Information to support 

Decision making appeared on the right side. Action information was presented at the top. 

 

Figure 8. Spatial layout and configuration of the OODA-Loop Display. 

 

On the Component Level, Observe information included the truck, and self-driving 

modes and statuses. Observe information extended onto the WHUD and included detailed 

information (e.g. current drive-time, position in convoy and current situation) to help drivers 

analyze and orient themselves to the current situation. Decision information appeared as an 

itinerary, informing the driver of upcoming situations and decisions that the truck will 

execute. Quasi-augmented signs on each side of the WHUD inform the driver of 

obstacles/hazards. Act information presents navigational information and prompts the driver 

to make inputs (as required) and visualizes decisions currently being executed. 
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Figure 9. Design proposal for the OODA-Loop Display. 

 

Auditory Display Concepts 

Three auditory display warning concepts were developed. All concepts were based on 

the Concept Configuration categories, however, “Close surroundings” was merged with 

“Traffic situation” because these categories relate to the same type of events and information. 

Warnings were triggered when information contained within a category crossed a critical 

value. For example, low fuel will trigger the Truck warning. Similarly, a driver is 

approaching the end of the legal driving time, triggers the Driver warning. 

The three auditory concepts differed in terms of the sound types used to convey 

information. The first concept used auditory icons (Iconic), the second used verbal signals 

(Verbal), and the third used of a combination of the two (Hybrid). Warnings contained two 

parts played together in a fast sequence (see Figure 10; Fagerlönn, 2007, 2011).  

 

Urgency signal Information signal

+
Iconic or verbal sound

 

Figure 10. Visual representation of Auditory Display (urgency signal is indicative only). 
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The first part contained information about urgency, low (a single brief synthetic tone, 

C4) or high (two synthetic tones, G4 and C#5 played with a ≈240 ms interval). The urgency 

signal was intended to help drivers quickly determine the importance of incoming 

information. The second part contained information about event type (which of the six 

concepts sub-categories was compromised). An overview of the auditory displays in Table 2 

followed by a more detailed description. 

 

Table 2. Overview of Auditory Displays 

Concept Iconic Display Verbal Display Hybrid Display 
Truck Two tonal sound System  Icon 
Driver Human whistling Förare (in english, Driver) Icon 
Traffic Situation French horn Trafik (Traffic) Icon 
Convoy Train transmission Konvoj (Convoy) Icon 
Landscape and Environment Water drop Väg (Road) Verbal 
Goods Relocation Clock tick-tock Gods (Goods) Verbal 

 

Iconic 

The auditory icons sounds were selected to be meaningful in their context and familiar 

to the user (Gaver, 1986). They made use of established associations between the sound and 

what it represents (high semantic mapping) and were intended to support ease-of-learning, 

reaction times, and accuracy (Graham, 1999; McKeown, 2005; Fagerlönn, & Alm, 2010).  

The auditory icon representing Truck was intended to be easily associated with a technical 

system. In-vehicle systems often make use of abstract tones to communicate. In general, such 

signals are not preferable for conveying information (due to learning challenges), however, 

using one or two abstract sounds in an interface makes them unique and easier to recognize. 

Verbal 

One challenge for the design of the verbal signals was to find appropriate words to 

represent the concepts. Another challenge was to find an appropriate voice and accent 



1ST ITERATION CONCEPT DISPLAY FOR SELF-DRIVING TRUCKS 17 

(comfortable but still attention rising). A Swedish female voice (text-to-speech solution) was 

selected for the present concept.  

Hybrid 

The hybrid display contained a mix of sounds from the above concepts. The selection 

of sounds was made subjectively by the designers, and based on the perceived 

appropriateness of the sounds. The idea for the hybrid display is that it should contain the 

most optimal sound for each of the subcategories.  

Conclusion 

A goal of the MODAS project was to deliver methods that can be used to design 

future (non-existing) highly autonomous systems. As part of this method development, nine 

activities were conducted with the results used to influence the design of a truck cab for a 

self-driving truck. The results obtained have also been used to influence the final proposal for 

the MODAS design methodology. In the current manuscript, we describe how eight activities 

were used to create three concept displays for visual and auditory information. In later 

manuscripts, we will describe how these three initial concepts were reduced and iteratively 

refined to create a single holistic (auditory and visual components integrated into a single 

display) and dynamic (integrated into three driving simulation scenarios) display. Assessment 

methods and results can be found in Grane (2013, 2015). The displays developed at the end 

of the first iteration, were a significant step forward in terms of holistic displays for 

supporting human-automation interaction in self-driving trucks. 
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Feature at a Glance (abstract)  

In this manuscript we describe how a first iteration concept HMI for supervising and 

controlling a highly autonomous heavy commercial vehicle (hereafter, truck) was refined 

through two subsequent iterations of development. Overall, eight activities were conducted to 

progress from the 1st iteration to the 3rd (final) iteration of design. The final concept was 

assessed with 26 professional truck drivers. Compared to supervising and controlling a self-

driving truck with no displays, with the concept displays, drivers found the vehicle to be 

more useful and drivers were somewhat more trustful of the truck with the concept display. 

There were no differences in workload, situation awareness, or satisfaction. 

 

 

 

Keywords: Autonomous Vehicle, Driver Vehicle Interaction, HMI, Head-Up Display, 

multimodal interaction, GMOC 
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Developing and Assessing a 2nd and 3rd Iteration Concept HMI for Supervising and 

Controlling a Self-Driving Truck 

 

The Methods for Designing Future Autonomous Systems” (MODAS) project 

(Krupenia, et al. 2014) was a two year project that had three primary goals; to create a 

method for future (non-existent) systems design; to apply the method to develop a concept 

driver environment that facilitates the safe, efficient, and pleasurable supervision and control 

of a self-driving truck (for MODAS, SAE level 3 was targeted; SAE, 2013); to develop a set 

of assessment tools for evaluating the concept.  Much of the project rationale and parts of the 

methodology has been previously described (Bodin & Krupenia, 2015, in press; Duffield & 

Krupenia, 2015; Jansson, Stensson, Bodin, Axelsson, & Tschirner, 2014; Krupenia et al., 

submitted). In the current manuscript we report how a first iteration concept HMI was 

developed further to create the a 3rd iteration prototype. We also briefly report the results of 

the final user testing.  

The overall design framework developed within the project was based on the Goals, 

(Mental) Models, Observability, Controllability (GMOC) framework (Olsson & Jansson, 

2006, Tschirner, 2015). The framework provided a common language for researchers and 

designers to use across the different iterations and activities.  As previously reported, 

development of the first iteration involved nine activities (Krupenia et al., submitted). In the 

current manuscript we describe the eight activities conducted to design the third iteration 

HMI.  The eight activities (Figure 1) performed during the 2nd and 3rd iterations were: (a) 1st 

Iteration User Testing, (b) 1st User Testing for Design Workshop, (c) Strategies Analysis, (d) 

Strategies Analysis for Design Workshop, (e) Information Distribution Study, (f) Interaction 

Preferences Study, (g) 2nd Iteration User Testing, and (h) Internal Review and Refinement.  
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1st User Testing for Design 
Workshop

1st Iteration User Testing

Strategies Analysis

Strategies Analysis for 
Design Workshop

Information Distributions 
Study

Interaction Preferences 
Study

2nd Iteration User Testing

Internal Review and 
Refinement

ACTIVITY INFLUENCE ON HMIINFLUENCE ON SYSTEM

Information Content

Information Content, 
Information Placement

Information Placement

Interaction technologies 
and methods

Information Placement, 
Content, Appearance

OTHER

Driver Goals, Mental 
Models, Observation needs

Better understanding of 
system requirements

Driver strategies, 
Observation needs

Better understanding of 
system requirements

Information Placement, 
Content, Appearance  

Figure 1. Overview of Activities (blue) and their effect on other Activities, HMI (orange), 

system design (green), and other factors (yellow).  

 

In what follows, we present a brief description of each activity and how the activity 

influenced design. We conclude with a description of the final concept and assessment 

results. 

Project Activities and Influence on Design 

1st Iteration User Testing 

The 1st Iteration User Testing was conducted to evaluate the auditory and visual 

display concepts developed during the first iteration of design. Eleven commercial truck 

drivers were presented with the auditory and visual displays and a series of questions used to 

probe how the displays supported the driver’s goals and concept configuration (that is, their 

understanding of the world). From the three visual display concepts developed during the first 

iteration (Krupenia et al., submitted), two concepts were selected for testing; Concept 
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Configuration display (Figure 2) and Operational-Tactical-Strategic display (Figure 3). These 

displays were selected on the basis of an internal (industry) review regarding presumed 

feasibility and usefulness. For the Auditory Display study, participants listened to a collection 

of concept sounds and completed two questionnaires. The auditory concept questionnaire 

investigated the semantic mapping between the sounds and their intended concept 

configuration. A perceived criticality questionnaire was also used. The visual display  

concepts were presented as static images adapted to, and superimposed on, photographs 

representing the Key Traffic Scenarios (Krupenia et al., submitted). 

 

Figure  2. Concept Configuration Display adapted to the Highway Scenario. 

 

Figure  3. Operational-Tactical-Strategic Display adapted to the Highway Scenario. 
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The 1st Iteration User Testing contributed to the final design by helping the 

development team understand to what extent the displays supported the driver’s Goals, 

Concept Configurations, and Observation needs. These results served as direct input to the 1st 

User Testing for Design Workshop.  

1st User Testing for Design Workshop 

A one day workshop was conducted to translate the results of the 1st User Testing into 

design requirements. Workshop participants included two university researchers, an 

interaction designer, and a vehicle ergonomist. During the workshop, the user test results 

were discussed and specific design recommendations were made for each item discussed.  

Strategies Analysis  

An adaptation of Hassall and Sanderson’s (2012) method of Strategy Analysis was 

used to understand the cues and strategies used by commercial long haul drivers (Bodin, 

Axelsson, Vännström, & Jansson, submitted). Fifteen long-haul truck drivers provided input 

on current strategies of manual driving and on future strategies for operating a self-driving 

truck. Additionally, drivers provided input on how to present information for supporting the 

future strategies. A summary of the Strategies Analysis method is presented in Figure 4.  
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W
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HY

Expert Knowledge

WHO: Domain expert engineers/designers
HOW: Fill in the matrix with the expert knowledge and previous work done on the department 
PURPOSE:  To emphasize to the drivers what we want to achieve in the Preparing Driver 
Interviews. (The Expert Knowledge should be filled in before the first meeting with the drivers)

Creative Driver Workshop (2 sessions, 3-4 drivers)
WHO: Experienced drivers
HOW: Use a participatory design approach by letting drivers visualise their strategies in a creative workshop. If the analysis 
regards a new interface concept, ensure that drivers understand how works. Have drivers interact with colleagues by 
drawing/writing their strategies for the interface concept. Use the knowledge from earlier stages to direct discussions and elicitate 
strategies. Trigger drivers to think of different situatuons by explaining or showing pictures of different situations.
PURPOSE: Bring the different strategies alive by presenting them as an interfaces 

WHO: Experienced drivers
HOW: Interview experienced drivers to understand which Strategies they use. If the analysis regards a new interface 
concept, ensure that drivers understand how it works. Use the expert knowledge to direct the discussions and elicitate 
strategies. Trigger drivers to think of different situations by explaining or showing pictures. 
PURPOSE: Define and refine the strategies to prepare for the Creative Driver Workshops  

Preparing Driver Interviews (1 session, 3-4 drivers)

WHO: Experienced drivers
HOW: Show the visualised strategies conducted in the previous workshops and let the drivers elaborate on the ideas
PURPOSE: Evaluate and refine the strategies and take the discussions to a higher/deper level 

Creative Driver Interviews (1 session, 3-4 drivers)

 

Figure  4. Summary of Strategies Analysis method. 

 

The Strategies Analysis supported design by providing a detailed description of 

current and potential future strategies used (or potentially used) by drivers to control a self-

driving truck. The Strategies Analysis results was used as input to a design workshop. 

Strategies Analysis for Design Workshop 

A half day workshop was held to translate the results of the Strategies Analysis into 

design requirements. Participants in this workshop included members of the analysis team 

(university researchers), an interaction designer, and a vehicle ergonomist. During the 

workshop, the results of the Strategy Analysis were discussed and specific design 

recommendations generated. Design recommendations focused on information content, with 

some consideration for placement. 

Driver Visual Information Distribution Preferences  

The goal of the Driver Visual Information Distribution study was to identify on which 

display visual information should be presented (Figure 5). Three displays were considered; 

the Instrument Cluster (ICL; the primary traditional display located behind the steering 

wheel), a full Windshield Head Up Display (WHUD), and a mobile Tablet device.  
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Participants included two professional truck drivers, two interaction designers, and a vehicle 

ergonomist. During this workshop, participants experimented with placing different 

information on different screens and locations using post-it notes. 

 

 

Figure  5. Photo from Driver Interaction Preference workshop. 

 

For this study, information container categories were pre-defined by the project team. 

Drivers suggested where they expected to find the information on each possible display. An 

open discussion was held throughout to provide feedback on the information grouping and 

the use of the multiple displays. The result of the workshop was a Visual Information 

Distribution Map (Figure 6) which identified on which visual display information containers 

should be placed. 
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Figure  6. Visual Information Distribution Map. 

 

The Visual Information Distribution Map was a key document that guided design. The 

map provided specific guidelines for where different information containers should be 

located. 

Interaction Preferences 

The Interaction Preferences study (Duffield & Krupenia, 2015) investigated how 

drivers would like to interact with the information contained on the visual displays. Fifteen 

professional truck drivers explored different combinations of input (steering wheel Buttons, 

Touch via tablet, Touchless gestures) and display (ICL, Tablet, and WHUD). Drivers 

experienced all input-output combinations. After each interaction drivers responded on the 

appropriateness, acceptance, and usability of the pairing. 
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This activity informed the design by identifying the most, and least, preferred 

technologies for interacting with the visual displays. As a result of this study, the touchless 

technology was removed. The remaining input technologies (Buttons and Touch) and all 

displays were retained. 

2nd Iteration User Testing  

The 2nd User Testing was composed of two studies; a GMOC study, and an 

Assessment study (not reported). For both studies, participants used a dynamic integrated 

version of the MODAS concept during completion of three simulated driving scenarios. 

During the scenarios, the concept display changed dynamically as per the scenario.  

The goal of the GMOC study was to investigate how well the MODAS HMI 

supported observability, controllability, and the drivers’ understanding of the work system. 

Eleven professional drivers completed three (self-truck) driving scenarios. After each 

scenario participants completed two questionnaires that probed their understanding of the 

scenario and their acceptance of the HMI. After all scenarios, participants completed a 

GMOC questionnaire that included items related to driver Mental Models, information 

Observability, and Controllability. Participants also completed the Human Trust in 

Automation Scale (Jiun-Yin, Bisantz, & Drury, 2000). 

The quantitative data from the GMOC study provided a good snapshot of the status of 

the concept with respect to usability, trust, and acceptance. Of greatest value for development 

were responses to the open questions. The Auditory Display data provided a reflection on 

participants’ acceptance of the auditory displays with some sounds being much more 

accepted than others. An association map provided a good summary of how the sounds were 

perceived by participants.  
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Internal Review and Refinement 

Weekly meetings were held to review the developing HMI. Participants included 

contributors to the visual displays, auditory displays, and the overall interaction concept. 

Additionally, two persons involved in developing the simulator scenarios provided input on 

what was possible within the truck simulator. Refinements to the HMI were made according 

to domain knowledge, as well as the display ‘semantics’ (styling and visual aesthetics of the 

displays). 

3rd Iteration Design Description 

On the basis of the activities described above, a final HMI concept was developed. 

This concept included a WHUD, an ICL, a 3D audio display, and a mobile tablet device for 

touch input. A description of the displays is provided below, followed by the assessment 

method and results. 

Visual Display Concept 

The WHUD was retained as the primary visual display and contained five sections 

(Figure 7); Strategic Display (top of the WHUD), Entertainment (bottom), Convoy Display 

(right), Birds-Eye View (left), and Augmented Reality (center). 
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Figure 7.   Overview of the MODAS display shown on the simulator driving scene.
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All WHUD panels had three views; Hidden (no panel), Standard, Extended. Panels 

were selected/removed by a two-finger swipe in/out from the corresponding edge of the 

tablet. Extended views were manipulated via a one-finger swipe. A summary of the 

information content is presented in Table 1 with some images from the HMI presented in 

Figures 8 to 11 (Fagerlönn et al., 2015). Participants did not need to look at the tablet to 

interact with the WHUD information. 

 

Table 1. Summary of MODAS HMI. 

Display Panel Standard View Extended Views 

 
Strategic 

 
Distance driven, distance 
remaining, key waypoints 
(required rest stop, refueling 
locations, destination), other 
factors influencing journey (e.g. 
traffic congestion or obstacles…) 

 
Topographic: Topographic view of route 
including Points of Interest (POIs), weather, 
additional waypoint city names. 
Map: A standard top-down map view containing 
the same information as the topographic view  

Convoy Profile photo, name, destination, 
convoy position, for all drivers 
(Figure 10) 

Profiles/Individual chat: Detailed information 
about other vehicles (weight, length, type), 
driver (languages spoken), and space for private 
chat 
Group Chat: Text chat forum where all drivers 
can contribute simultaneously 
Voting: Displays current option (e.g. next rest 
stop) for voting and number of votes for each 
option. 

Bird’s-Eye View Top down view of immediate 
surroundings showing vehicles, 
obstacles, and planned convoy 
movements (left panel Figure7) 

Camera view from front or rear truck. 
View from Front Truck (if in convoy) 
View from Rear Truck (if in convoy and when 
reversing) 
Split view (Front/Rear) 

Entertainment Telephone signal, track playing 
mode, current track, times 
associated with media 

Details of media available for playing in 
different grouping types (e.g. categories, or 
media types; (Figure 10) 

Augmented 
Reality 

Information that either has a direct 
mapping with the environment, or 
is a warning or alert. The exact 
content shown is highly context 
dependent 

 None 

Instrument 
Cluster 

Information about current speed, 
performance mode, fuel level, 
engine speed, selected gear, and 
engine temperature 

None 
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Figure 8. Extended View of Strategic Display showing topoghraphic information. 

 

 

Figure 9. Extended view of Entertainment Display showing media library. 
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Figure 10. Extended view of Convoy Display showing driver profiles/individual chat. 

 

 

Figure 11. Instrument Cluster. 

 

Auditory Display Concept 

All warnings in the auditory display followed a ‘combined warnings’ design principle 

(Fagerlönn, Lindberg , & Sirkka, 2015). An initial signal was used to convey urgency (low, 

medium or high). The urgency signals contained a number of synthetic tonal sounds. The 

following sound parameters were used to differentiate perceived urgencies: number of tones, 
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tone to tone time interval (speed), pitch, sound level, and dissonance. The urgency signal was 

followed by an “information signal” that conveyed the type of information (e.g., traffic). 

Information signals were designed to represent seven categories of driving-related 

information (Figure 13). Four categories utilized verbal sounds (keywords), whereas two 

categories used auditory icons (Gaver, 1986). For the high urgency sounds, the urgency 

signal was repeated after the information signal. 

Final Assessment 

Final assessment took place in Scania’s truck simulator. There were two objectives of 

this study. First, to assess the experienced usability and usefulness of the MODAS solutions 

and its effect on driver’s experienced workload, trust and situation awareness. Second, to 

collect data to support further development of the displays (these results are not reported). A 

more thorough report on the assessment is available in Grane (2015) which includes detailed 

qualitative data. In the current manuscript, we present an excerpt of the quantitative data. 

Methods 

Participants 

Twenty-six truck drivers participated in this study (2 females). Participants had a 

mean age of 46.19 years (SD = 10.91) and had been driving trucks for an average of 20.60 

years (SD = 11.41).  

Simulator 

The simulator consisted of a real truck cab including a ‘glass’ (a digital screen as 

opposed to mechanical dials) ICL. The WHUD was created using a plexiglass sheet mounted 

at a 45 degree angle to the participants line of sight (Figure 12) and a ceiling mounted 

projector. The simulator included 180 degrees visual scene. 



CONCEPT DISPLAY FOR SELF-DRIVING TRUCKS 17 

 

 

Figure 12. Photo from inside simulator truck cab. 

 

Display Conditions: HMI or noHMI 

Thirteen participants (in each condition) drove either with the 3rd Iteration MODAS 

HMI (HMI), or with no additional HMIs beyond existing interfaces (noHMI).  

Simulator Scenarios 

Participants drove a familiarization scenario (no events) followed by a test scenario. 

In the test scenario, the truck started as the third truck in a six truck convoy.  After 3 minutes 

a motorbike attempts to overtake the convoy on the right side. The motorcycle loses control 

and wobbles in front of the truck. At the point where the motorbike swerves closest to the 

participant’s truck, the truck automatically moves into the (clear) left lane to avoid an 

accident. After this incident, the convoy continued for about one more minute and then came 

to a halt. The total time for this scenario was about 5:25 minutes.  The participant’s task was 

to complete the driving task as safely and efficiently as possible.  
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Questionnaires and interviews 

All interviews were held in Swedish and all questionnaires were translated into 

Swedish. The questionnaires were: Demographics, Acceptance Scale for Advanced Transport 

Telematics (AATT; van der Laan, Heino, & de Waard, 1997), Technology Acceptance Model 

(TAM; Davis, 1993), Situation Awareness Rating Technique (SART-10D; Taylor, 1990), 

Human Trust in Automation Scale (Jiun-Yin, et al., 2000), Driver Activity Load Index (DALI 

– ratings only; Pauzié, 2008). For Auditory Display Acceptance, drivers responded on a five 

point scale to the following four dimensions regarding their perception of the sound: Useful - 

Not useful, Effective – Ineffective, Appropriate – Inappropriate, and Easy to understand – 

Difficult to understand. At the end of the study, participants were also asked if they had any 

comments about the warning sounds and interaction sounds. 

Procedure 

Following introductions, participants were given background information including 

that they were welcome to withdraw from the study at any time. They were then given the 

Demographics Questionnaire followed by simulator safety information and were then 

randomly assigned to either the HMI or noHMI condition. Participants in the HMI condition 

were introduced to the system and the displays explained. During this explanation, 

participants could freely interact with the concept. The Auditory Displays were then  

explained. A low priority auditory warning for each category was played to the participant. 

Next, participants completed the familiarization drive. During this drive, participants in the 

HMI condition were asked to complete some simple tasks (e.g. bring up the back camera). 

Additionally, one auditory warning was presented to the participant (“Driver”). At the end of 

the familiarization drive, participants completed the Auditory Display questionnaire for 

“Driver”. Participants then completed the test scenario followed by the relevant Auditory 

Display questionnaire, and the assessment questionnaires.  



CONCEPT DISPLAY FOR SELF-DRIVING TRUCKS 19 

 

Results 

A summary of the quantitative results is presented in Table 2. The α-level was set to 

.05. Results close to the α-level are also reported. Results from standard questionnaires were 

analyzed through t-tests at the general level (when an average value could be calculated 

through several related questions).  

 

Table 2. Mean values ( and SD) for HMI and noHMI conditions for six dimensions. p value 

is for t-tests between the two conditions. * indicates p < 0.05. 

 HMI noHMI p value 
AATT – Usefulness 0.51 (0.35)* 0.05 (0.59) 0.023 
AATT - Satisfaction -0.02 (0.44) -0.06 (0.31) 0.801 

TAM – Usability 4.11 (1.99) 3.81 (1.66) 0.517 
TAM - Usefulness 4.91 (1.38)* 3.80 (1.71) 0.001 

SART-10D (Total SA) 18.69 (8.21) 16.23 (7.51) 0.433 
Trust (Global) 4.57 (0.92) 3.78 (1.09) 0.058 

DALI 11.46 (6.55) 15.38 (5.12) 0.102 
 

Regarding the auditory displays, the initial acceptance part was used to gather the 

drivers’ judgments of the seven auditory warnings. Note that the sound representing Truck 

was never played during the simulated driving task. Figure 13 shows the mean ratings on the 

four dimensions probed, plus General score (mean value of other dimensions). ‘Convoy’ 

received the highest scores on all dimensions, whereas ‘Truck’ received the lowest. 
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Figure 13. Mean scores for seven sounds on four dimensions probed, plus general score 

(average of other dimensions). 
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Discussion  

The significant difference in Usefulness ratings indicates that the MODAS HMI 

provided information and warnings that were deemed useful for drivers. The failure to find a 

significant difference in Satisfaction suggests that further work is needed to make the 

displays more pleasing. The information provided supported the establishment of trust 

between drivers and the self-driving vehicle, at least to a marginally significant extent. There 

was no difference in workload, despite there being significantly more information in the 

MODAS HMI condition than in the noHMI condition. This suggests that the information was 

presented in a way that was intuitive and easy to understand, though when considered 

together with the TAM data, was not very usable. There was no difference in Situation 

Awareness, however, the relative short duration of the study drive limits the value of this 

data. To better understand the impact of the HMIs on Situation Awareness, either a different 

assessment method must be used (e.g. SAGAT), or a longer test drive is needed. 

With regards to the auditory display, the key focus was on assessing the 

appropriateness of warnings and interaction sounds. The results of the acceptance ratings 

revealed very high scores on all items and for all sounds, except Truck. Thus, the initial 

acceptance was generally high. The sound representing Truck received intermediate scores. 

In particular, the drivers found the sound somewhat challenging to understand. These results 

indicate that the drivers’ preferred verbal and iconic sounds with a direct relationship to the 

event compared to abstract/indirect sounds. However, one should be careful when making 

conclusions regarding the sound for Truck, because that was the only sound not triggered in 

any of the driving scenarios (and was thus presented without context). 

The results of the association map task revealed that drivers generally perceived the 

sounds as intended. Examples of commonly selected descriptive words were ‘comfortable’ 

and ‘catch attention’. However, some potentially inappropriate properties related to the 
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perceived quality of the sounds were identified. For some sounds (two iconic and two verbal), 

the words ‘cheap’ and/or ‘budget’ were identified as strong descriptive words. However, 

considering that the properties were identified for two iconic and two verbal sounds, we 

cannot make conclusions regarding relative appropriateness of the sound types. Furthermore, 

some drivers associated the sound for ‘driver’ with a telephone. Such an association could 

potentially cause confusion and negatively impact warning efficiency in an urgent situation. 

However, it should be noted that the results of a separate evaluation of the auditory warnings 

showed that drivers could easily associate the sound with a driver. 

Conclusion 

In developing the MODAS HMI concept, a total of 158 driver interactions were 

performed. This included multiple interactions with some drivers, and included e.g. user 

studies, observations, and workshops. This significant user-focused investment coupled with 

the structured design methodology resulted in a whole new concept that was, in general, very 

more positively than negatively received by drivers. Although only a concept display, the 

solutions generated within the MODAS project will form the basis for future HMI work that 

Scania is conducting on self-driving heavy commercial vehicles. 
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Abstract 

We describe a structured method for decreasing the gap between Cognitive Work Analysis (CWA) and 

socio-technical systems Design within industrial contexts. Key to closing this gap is reducing the volume of data 

collected during initial CWA stages so as to focus further development effort on the key determinants of system 

performance. The goal of the current study was to develop a method to accompany Control Task Analysis 

(ConTA; and associated Contextual Activity Templates [CAT; Naikar, Moylan, & Pearce, 2006]). The method 

developed, “Activity Prioritization”, involved a multi-faceted procedure for prioritizing Activities to identify 

each Activity’s overall impact on system performance. Using three key values, each Activity receives a Priority 

Score that are ordered to create an Activity Priority List. For the prioritization, the Functions described in the 

CAT were the Purpose-Related Functions identified via a Work Domain Analysis of long haulage trucking. The 

method described was used to guide development of highly automated trucks within a recently completed 

industrial project (Methods for Designing Future Autonomous Systems [MODAS]; Krupenia et al., 2014).  

 

Keywords: Cognitive Work Analysis, Control Task Analysis, Contextual Activity Template, Activity 

Prioritization, Systems Design, Heavy Vehicle Development  
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Activity Prioritization to focus the Control Task Analysis 

 

The goal of the current study is to develop a systematic process for focusing the analysis effort and in 

that way decreasing the gap between Analysis and Design, within the Cognitive Work Analysis framework 

(CWA; Rasmussen, Pejtersen, & Goodstein, 1994; Vicente, 1999). In the current paper we report a method for 

focusing the Control Task Analysis (ConTA; the second phase of a CWA), on the Activities within the domain 

that have the greatest potential influence on system performance—we call this method “Activity Prioritization”. 

The aim with the method is to focus analysis and design effort to ensure a more efficient use of available 

resources at later CWA stages of an industrial project. 

Cognitive Work Analysis is a formative framework for analyzing and modeling the complexity of the 

real world and the relationship between human and technical components. The framework supports 

understanding of the constraints that influence how work could be completed “if the appropriate tools were 

available” (Vicente, 1999, p. 340).  There are five stages included in CWA: (a) Work Domain Analysis (WDA), 

(b) Work/Control Task Analysis (ConTA), (c) Strategies Analysis, (d) Social Organization and Cooperation 

Analysis, and (e) Worker Competencies Analysis. The work described in the current paper builds upon the WDA 

and belongs to ConTA, and therefore these only two CWA stages are defined in more detail below. 

Within a WDA the structure of the system is defined independent of workers, events, and tasks 

(Vicente, 1999). The results of a WDA can be modeled using an Abstraction Hierarchy (AH). The AH consist 

typically of five abstraction levels, showing how physical and intentional system constraints influence how the 

purpose of the system can be achieved (see Table 1 for a summary). Each level consists of a number of nodes 

and mean-end links connect the nodes between the levels. The fifth (bottom) level of the AH presents the 

Physical Objects contained within the system. The nodes on the fourth level are called Object-Related Processes, 

and represent the functional capabilities and limitations of the Physical Objects. The third level contains 

Purpose-Related Functions, and presents the functional constraints of a work system and maps the possibilities 

of the Physical Objects to the Values and Priority Measures of the system (presented on the second level). The 

first (top) level of the AH presents the Functional Purpose of the system—the rationale for the existence of the 

system. The names of the AH levels used in the current paper are developed by Rasmussen as reported by 

Reising (2000). 

To validate the AH in a situated context, Burns, Bryant, and Chalmers (2001) suggested that the AH be 

examined in relation to scenarios which were not included in the modeling process. By this, Burns et al. (2001) 
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aimed to ensure that the AH captured all possible domain constraints.  They argued that performing a WDA for a 

large system can be difficult and time-consuming, and it is therefore reasonable to try and confirm that the 

analysis is “on-track” during the process and validate the analysis before entering a design phase.  

Whereas the WDA delivers an activity-independent analysis of the work, the ConTA complements this 

analysis by defining requirements for known situations. Note, however, that the ConTA has limited value in 

identifying support needed in unanticipated (and therefore often critical) events (Vicente, 1999). The ConTA 

describes what needs to be achieved in the (identified) situations, that is, the control tasks. The development of 

control task models can be conducted with Decision Ladders (Rasmussen, 1974, 1976; see also Jenkins, et al., 

2009). 

Naikar, Moylan, and Pearce (2006) present an approach for completing a ConTA where the first activity 

is decomposed into a set of recurring Situations and/or a set of required Functions. A Contextual Activity 

Template (CAT; Naikar, et al., 2006), is a product of the ConTA and models activity in systems defined by both 

Functions and Situations involving temporal or spatial components (see Figure 1 for a summary of the CAT). 

Each unique cell on the CAT, corresponding to a specific Function and a specific Situation, is here referred to as 

an Activity. According to Naikar et al., Functions either “typically occur”, “can occur” or “do not occur” in the 

Situations. A detailed analysis of any complex system would likely identify many Activities, where each 

Activity could be decomposed into the required control tasks (for example via Decision Ladders) and thus be 

used to support system and user interface/interaction design. 

The Use of CWA Results to Support Development and Design 

There are several methods by which the CWA results can be used as input for design and thus 

encourage product development. In a review of how CWA results have been used in the design process, Read, 

Salmon, and Lenné (2012) identified four broad categories of application: (a) “Direct contribution”, where the 

results from the CWA were directly mapped to design; (b) “Restructure of CWA outputs”, where the design 

requirements were identified by iterative use of CWA methods; (c) “Additional guidelines, principles, criteria”, 

where the result from the CWA were used in conjunction with human factors guidelines or principles for 

interface or systems design; and (d) “Additional method/process”, where the CWA was used in another, wider, 

design process. Whereas the conclusions made by Read et al. (2012) sufficiently describe broad categories for 

how CWA results have been used for design, detailed descriptions for how to proceed within each category are 

missing. 
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In a more concrete example of how to use CWA results to influence system design, Salmon, Regan, 

Lenné, Stanton, and Young (2007) created a WDA for the road transport domain which was modeled using an 

Abstraction Decomposition Space (ADS). An ADS is an AH extended with levels of system decomposition, 

ranging from the whole system to components (Vicente, 1999). The information in the ADS was used by Salmon 

et al. (2007) to conduct an information requirements analysis for drivers. The information requirements were 

then compared with the current technology available to identify the needed design improvements. 

Another method used to go from CWA analysis to design was developed by Lamoureux and Chalmers 

(2009) who analyzed the operational environment for military naval command and control operators. Lamoureux 

and Chalmers’ (2009) method was used during the second stage of CWA analysis, the ConTA. Possible design 

improvements, called “design seeds”, were constructed by examining the Decision Ladders and mapping the 

steps in the ladder to the four stages of Human Information-Processing (Wickens, 1984): (a) perceptual 

encoding, (b) working memory, (c) central processing, and (d) responding. According to Lamoureux and 

Chalmers (2009), the selection of the design seeds should focus on how to assist the operators complete the 

different steps of information processing. 

Prioritization of Analyzing Effort 

The time and resource constraints associated with Research and Development within financially 

competitive industries introduce new constraints on the thoroughness of CWA of large systems (considering that 

such analyses are typically highly resource consuming). Unfortunately, methods for supporting commercial 

industry manage such large volumes of data generated from CWAs in an efficient way are missing. Arguably, 

this remiss can result in at least two outcomes; the failure to use the CWA method, or an arbitrary selection of a 

sub-set of data for further analysis. In the current manuscript, we aim to deliver a structured approach for 

refining data (from the ConTA stage) for future analysis that should support more efficient follow up analysis 

and increase industry update of CWA. Key to this is prioritizing data collected during the ConTA stage of 

analysis. How the prioritizing process should look like is an underestimated problem that needs to be addressed 

to meet the need from industry and practice. Therefore a part of decreasing the gap between analysis and design 

is to prioritize the analysis results and allow analysts or designers to move towards defining design requirements 

for the more critical system components. We argue that the process of choosing what to focus the analysis on 

should be deliberate and explicit. 

The need for prioritization was recognized and addressed by Birrell, Young, Jenkins, and Stanton 

(2011) who suggested a heuristic method for prioritizing user requirements by assessing the priority of lower 
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level nodes in an AH, and their contributions to high-level functions or values of the system. Their method was 

developed within, and for, the project “Foot-LITE”, which aimed to encourage drivers to adopt a more 

environmentally friendly and safer driving. To prioritize nodes in an AH, Birrell, et al. (2011) proposed a method 

by which the nodes in the AH were categorized as having low, medium or high priority. To complete this 

process, first, the nodes on the three highest levels in the AH are scored by the research team, using knowledge 

gained through completion of the previous stages of the Cognitive Work Analysis (Birrell, et al., 2011). The 

priority scores for the nodes on the fourth and fifth level in the AH are then calculated according to how many 

mean-end links each node had to high, medium and low priority nodes at the level above. A consistent heuristic 

was used for setting the scores; a link to a high priority node, medium priority node, and a low priority node 

gave all a certain amount of points. The number of points decided the priority of the particular node according to 

number ranges defined differently for Object-Related Processes and Physical Objects. Birrell et al. also 

suggested a similar approach for identifying the relative contributions of the Purpose-Related Functions and 

Object-Related Processes to the Functional Purposes described in their AH. This was done to enable the analyst 

to focus on Functions and Processes that contribute the most to the desired Functional Purpose. 

Birrell et al. (2011) argue that the main benefit of the priority calculations is that they provide a high 

level summary highlighting the highly connected nodes that may be more important for future consideration 

within the project. However, the authors also acknowledge that their method might be over-simplified and is not 

without limitations, most notably, because the importance of different nodes will likely change in different 

contexts. 

An additional problem with the method suggested by Birrell et al. (2011) is that it does not consider if 

an Object-Related Process is the only node connected to a Purpose-Related Function, or if there is redundancy. It 

could be that an Object-Related Process is critical to the system performance even if it is only related to one 

Purpose-Related Function, that is, if that Purpose-Related Function is critical to system performance and only 

realized through the one Object-Related Process. 

Hassall, Sanderson, and Cameron (2010) developed a process for identifying human factors hazards by 

prioritizing activities for hazard analysis, called the HumHID process. The process combines methods from the 

CWA framework and a methodology for identifying potential hazards associated with human activity. First, the 

work context and activity is modeled in a CAT and includes Decision Ladders for each work context/Activity. 

The prioritization is conducted with a high level risk assessment process based on the likelihood and 

consequence of the following: (a) “Not doing the activity”; (b) “Not completing the activity”; (c) “Doing the 
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activity incorrectly”; (d) “Doing the activity out of order”; (e) “Doing the activity steps out of order”. The 

activities with high prioritization are included in a strategies analysis, and the identified strategies are 

investigated with the same high level risk assessment procedure. Decision Ladders are then conducted for the 

strategy steps associated with significant risk, and the hazard analysis is conducted based on information from 

the Decision Ladders. The high level risk assessment is a simple method of ensuring efficiency of the analysis 

work by focusing the HumHID process on activities possessing significant risk (Hassall et al., 2010). 

Additionally, Hassall et al. argue that their case study was focused on anticipated situations, while hazard could 

also arise from unanticipated situations. 

The Methods Developed 

This section describes the Activity Prioritization method. The method focuses the ConTA onto the 

Activities with the greatest potential influence on system performance and by doing so ensures a more efficient 

use of available resources at later CWA stages of an industrial project. The method is in one way a continuation 

of the method by Birrell et al. (2011), but the objective is to identify the Activities on which to focus the ConTA 

instead of making prioritizations of what to support in the work domain. Birrell et al.’s approach of counting 

mean-end links to find the priorities are thus not used because the functions included in the CAT for the current 

study are from the Purpose-Related level in the AH. 

Activity Prioritization Method 

To create a prioritized list of Activities using the Activity Prioritization method, a Priority Score was 

calculated for all Activities identified in the CAT. To calculate the Activity Priority Score the following data was 

obtained;  

x Function Priority: The priorities of the functions from the AH. 

x Situation Frequency: The proportion of working time spent in each Situation; and 

x Contextual Activity Frequency: How frequently each Function occurred in each Situation; 

The latter two scores, the Situation Frequency and Contextual Activity Frequency, were combined to 

create an Activity Frequency Score (i.e., the overall frequency of an Activity). Combining the Activity 

Frequency with the Function Priority resulted in a score for Activity prioritization, the Activity Priority Score 

(i.e., the overall priority of an Activity).  

The method by which the raw data was obtained and the composite scores calculated is described in the 

following sections and is modeled in Figure 2. 
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Function Priority 

To prioritize nodes in an AH, Birrell, et al. (2011) described a method by which the nodes in the higher 

levels of the AH were categorized as having low, medium or high priority. Here the same process can be used by 

the research team to give scores to the nodes on the three highest levels in the AH, using knowledge gained 

through completion of the previous stages of the Cognitive Work Analysis (Birrell, et al., 2011). 

Situation Frequency 

The Situation Frequency represents how often each Situation occurs, and was obtained by the mean 

percentage of the work time the workers spend in the Situations. The percentage value was then transferred to a 

scale from one to nine such that the highest ranked Situation scored nine and the lowest ranked Situation scored 

one (the rationale for this scaling will be described in the Activity Frequency section, but in brief, was intended 

to provide equal weighting to the final prioritization scores arising from Situation Frequency and Contextual 

Activity Frequency). 

Situation Frequency was calculated because the overall importance of an Activity depends in part on the 

frequency of the Situation in which the Activity occurs. For example, although Park Stability (afforded by the 

Park Brake) is always used during Parking (the Situation), parking is a relatively rare event in long haul driving, 

occurring only twice or three times during a standard eight-hour shift. To maximize research and development 

resources we must invest effort in frequent Situations.  

Contextual Activity Frequency 

The Contextual Activity Frequency is a measure of how frequently a Function occurs, or is needed, in a 

Situation, and is the information usually modeled in a CAT (Naikar et al., 2006). The Functions that never occur 

in the Situation (or alternatively, Activities that never occurred; e.g., loading or unloading during driving) were 

given a Contextual Activity Frequency Score of zero. Activities that occur infrequently (but could occur; e.g., 

emergency braking during driving) were given a Contextual Activity Frequency of one. Finally, Activities that 

occurred frequently (for example maintaining vehicle stability when driving on a country road) scored two. 

Contextual Activity Frequency was calculated because the degrees to which a Function is used is 

heavily dependent on the Situation. For example, Fuel Efficiency is not relevant during parking, but is usually 

relevant during driving. 

Activity Frequency 

The Activity Frequency is the frequency at which an Activity occurs and was calculated to distinguish 

between more and less often occurring Activities. A more frequently occurring Activity was seen as having high 
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priority for further development. If the product and system performance is enhanced for a frequently occurring 

Activity, there should be greater benefits than if optimized for rare Activities.  

The Activity Frequency was calculated by multiplying Contextual Activity Frequency with Situation 

Frequency (see Figure 2). Recall that the Conditional Activity Frequencies were zero, one or two and that 

Situation Frequencies were scaled (from percentages) to whole numbers between one and nine, which would 

give a scale from zero to 18 for the Activity Frequency. Each Activity Frequency score was multiplied by a 

weighting of 0.5 to create an Activity Frequency scale from zero to nine. This was completed to give equal 

influence to Function Priority (with the highest score nine) and Activity Frequency on the overall Activity 

Priority. 

Activity Priority 

The Activity Priority Score is the combination of the Function Priority Score and Activity Frequency 

Score. This was calculated to create a priority list of the Activities to focus further analysis and development. 

The Activity Priority Score considers both how frequently an Activity occurred and how much the Activity 

contributed to system performance. To obtain the Activity Priority, the Activity Frequency was multiplied with 

the Function Priority (see Figures 2 and 3). 

The long haul truck project – case study 

In what follows, we explain how the method defined above was applied in an industrial use case 

involving the development of long haul commercial heavy vehicles (hereafter, “trucks”). It was necessary that 

the developed method support the ‘long-horizon’ systems development of Next Generation, highly automated 

trucks. This type of systems development would typically involve multiple organizational units attempting to 

(re)define the scope of their products within the to-be-developed system. Long-horizon development would thus 

also involve identifying the work to be conducted in these ‘future systems’ and the information needed by 

operators to conduct tasks and supervise systems. Consistent with Scania’s systems approach to cab 

development, the method was meant to fit within the CWA framework as part of (what was then) ongoing work 

conducted within the Methods for Designing Future Autonomous Systems (MODAS) project (Krupenia et al., 

2014). 

As part of the development work within the project, a WDA was completed ( Bodin, 2013) that 

contained a high number of nodes (approximately 325) on the resultant AH. The subsequent CAT similarly 

resulted in a (very) large amount of data (629 Activities). Given this large amount of data, an exhaustive follow 

up analysis (for example, via Decision Ladders) for all Activities was unreasonable. Therefore a need was 
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identified to focus the analysis early to ensure a more efficient use of available resources at later stages of the 

project.  In other words, if we were to directly use Lamoureux and Chalmers’ (2009) method, and construct 

Decision Ladders for all Activities identified, then the available industrial resources would be quickly exhausted. 

What was needed was a method for utilizing the available resources more efficiently. To achieve this, an attempt 

was made to use the Activity Prioritization method to structure and prioritize the Activities within the CAT. 

The Work Domain Analysis and Contextual Activity Template for the current project 

To achieve an understanding of the work domain a total of 17 hours of interviews were conducted with 

an expert professional driver and a Subject Matter Expert (separately). Additionally, an observation study was 

conducted during which three video cameras were used to capture 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 during short sessions and a few weeks later verbalization interviews were conducted (a 

total of five hours for the four drivers). The AH was iteratively modeled between the interviews, see Table 2 for 

a simplified version of the top four levels. 

A CAT was modeled by describing the Activities in the work domain by both Functions and Situations 

(see Figure 1 for a representative example). The Situations were identified through reviewing the video data 

obtained from the observation study. The Functions were adopted from the Purpose-Related Function level of 

the AH, which was modeled for the current work domain. The higher levels of the AH (including Purpose-

Related Functions) are closely connected to the higher level purposes and values within the domain and are 

therefore relevant also in the future and for long-horizon system development. When focusing on a future system 

that is not yet developed, it is arguably better to look into the constraints imposed by the purpose and values of 

the system, rather than into the system itself. The procedure for completing the WDA for long haulage truck 

drivers and identifying the Situations in the CAT is described in Bodin (2013). 

Implementation 

This section provides a description of the data collection on which the Activity prioritization score and 

component sub-scores are based. 

Calculation of the Function Priority score 

The nodes on the Purpose-Related Function level in the AH were assigned high or medium priority as 

per Birrell at al. (2011). This was completed by reviewing the material from the data collection for the AH and 

assigning priorities to the nodes on the Purpose-Related Functions level in the AH. A node with high priority 
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received 9 points and a medium priority node received 3 points. Recall that the Purpose-Related Functions from 

the AH (third level) are presented as Functions on the CAT. 

Data collection for the Situation Frequency Score 

The Situation Frequency was obtained via one-on-one interviews with ten professional long haulage 

truck drivers from various transport companies. The drivers were asked how much working time was spent in 

each Situation with responses given either in terms of time (minutes or hours) or as a percent of total working 

time. The responses given in terms of time were transformed into a percentage together with the driver. The 

Situation Frequency Score is then calculated by the mean percentages of working time workers spend in the 

Situations, transferred to a scale from one to nine. 

For example, in response to the Situation “Highway Driving” a driver may say that this Situation 

consumes three hours of an average working day. If the driver works 15 hours each day (including driving time 

and other working time) then the situation “highway driving” occupies 20 % of working time. Assuming that the 

most frequently occurring Situation occupied 35 % of working time and the minimally occurring Situation 

occurred 0 % of working time, then the value of 20 % translates to a Situation Frequency Score of 6. 

It is important to note that for the current study, a decision was made to measure Situation Frequency in 

terms of time and not number of occurrences because for long haul driving, time corresponds better with the 

work system. If the alternate approach was taken, then Situations that occurred a few times, but took several 

hours each time (for example driving) would receive a low Situation Frequency Score even though the Situation 

consumed a large part of the working time. 

The data collection for the Contextual Activity Frequency Score 

In the current project, the information used to assign the Contextual Activity Frequency Scores was 

obtained through an observation study and follow up interviews with five professional long haul truck drivers 

(for a full description of the observation study, see Bodin, 2013). Given the large number of Functions and 

Situations identified, two drivers gave a rating of zero, one, or two to half of the identified Activities and the 

other two drivers rated the other half of the Activities. If the information from the two informants were 

inconsistent, or if the information did not seem to match the results from the observation study, follow up 

interviews were conducted and the fifth driver (with 39 years of experience) was consulted. 

The questions presented during the interviews were extracted from the CAT and included reference 

both to the Function and the Situation, for example, “How frequently does Road Holding (Function) occur when 

Driving on Highways (Situation)? Usually/Can occur/Never occurs?”. The responses therefore gave information 
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about the Function Frequency in the given Situation, but not the overall Activity Frequency. For example the 

Function “Assistability” usually occurred in the Situation “Truck Break Down”, but the overall frequency for the 

Activity “Assistability during Truck Break Down” depends also on the frequency of the Situation “Truck Break 

Down” (which is arguably very low). 

The data collection was conducted for a CAT modeled with Functions from the Object-Related 

Processes level in the AH. This Object-Related CAT was later truncated to a higher abstraction level, that is, to a 

Purpose-Related Functions CAT. In most cases there were several Contextual Activity Frequency Scores for 

Object-Related Processes truncated into one Contextual Activity Frequency Score for a Purpose-Related 

Function. The Contextual Activity Frequency Score for each Activity in the CAT was determined by truncating 

the scores from the Activities in the CAT modeled with Object-Related Processes (for the same Situations and 

by using the mean-end links in the AH), to determine which Object-Related processes and Purpose-Related 

Functions were connected.  

The frequency and prioritization of the Activities 

The collected data and calculated Situation Frequency and Contextual Activity Frequency score were 

multiplied to provide a score describing the frequency at which activities occur, called the Activity Frequency 

score. These scores were multiplied with the Function priority scores to provide the Activity Priority scores. On 

the basis of these values, a prioritized list of all Activities was created (the ‘Priority List’). The Priority List 

consisted of six columns: (a) the Situation, (b) the Function (defines the Activity together with the Situation), (c) 

the Contextual Activity Frequency Score, (d) the Situation Frequency Score, (e) the Function Priority Score, and 

finally (f) the Activity Priority Score (Table 3). 

The Results Described In The Priority List 

The (six) Activities with the top score (81) described in the Priority List are (a) “Vehicle control 

(driving)”, (b) “Relocation”, (c) “Cargo transport”, (d) “Visual observation”, (e) “Transparency of driving 

intent”, and (f) “Short-term planability”, all during “Country road driving”. The next Function to be found on the 

Priority List is “Logistical Planning”, (Activity Priority score of 54) during the Situation “Start and end of shift”. 

The Situations associated with Activities on the upper part of the Priority List are (a) “Country road (including 

low traffic)”, (b) “Slippery road”, (c) “Highway”, (d) “Start and end of shift”, and (e) “Hills”. Table 3 presents 

an excerpt of the full Priority List and shows only those Activities with a Priority Score higher than 40 (on a 

scale from 0 to 81). The Situations that contained the highest ranking Activities were identified as areas of 
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potential Research and Development resource investment. These were thus proposed as design opportunities 

within the MODAS project. 

Discussion 

This section begins with a discussion about the Function Priority score, and continues with a section 

about the Activity Prioritization method including its limitations, generalizability, advantages, and 

disadvantages. In this final section, we also discuss the disadvantages with prioritization methods, and the 

limitations regarding safety in critical systems when analyzing tasks or situations. 

Function Priority scores without consideration of situations 

The Function Priority scores are obtained from the event independent WDA. That different nodes in the 

AH are more or less important depending on the current situation is well illustrated in prior work validating AHs 

by mapping them to specific scenarios (Burns et al., 2001). Therefore the Function Priority scores have to be 

seen as the potential contributions to the values and priorities and functional purposes of the system. This means 

that the scores are based on how the Functions can support the higher level nodes without consideration of the 

current situation. The Contextual Activity Frequency scores then take into account if the Functions are actually 

occurring in the Situations. It would therefore not be appropriate to use the Function Priority scores without the 

Contextual Activity Frequency scores when considering how important Functions are in any Situation or 

scenario. For a singular situation, the Function Priorities alone would never reflect the truth. 

When presenting their method, Birrell et al. (2011) encounter a very similar problem. In response they 

argued that their approach was limited and that it is a simplification. Whereas the Activity Prioritization method 

uses information from the WDA, the CAT, and the frequencies of the situations to prioritize the Activities for 

further analysis of Control Tasks, the method suggested by Birrell et al. (2011) prioritizes the WDA nodes to 

highlight those nodes that are more important for supporting design. Their approach seems especially 

problematic because their priorities are extracted from the event-independent AH directly, without adding any 

information about the different situations. However, in defense of Birrell et al.’s method,  even if the implication 

is that their priorities are not correct in most (if any) situations, this does necessarily imply a problem with the 

resultant system. Interfaces and systems should not be designed to address only known or predicted situations, 

but must support operators pre-empt and resolve the unknown or unexpected. Therefore Birrell et al.’s arbitrarily 

assigned priorities (for the nodes on the three top levels of the AH–where scores were set by researchers based 

on collected data) could be appropriate to use for design considerations. 
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A problem with the Activity Prioritization method is that there is the potential for overly high rated 

Activities in some situations. For example, if one high priority Function that is usually occurring in a Situation, 

but is in that particular Situation less important than in general, then this would result in an undeservingly high 

Activity Priority score. The prioritization from the Activity Prioritization method is, even with the Contextual 

Activity Frequency score, still a simplification. It is a simplification in two ways. First, numbers are added to a 

model, which is, as per the definition of model, a simplification of reality and thus not reality itself. Second, the 

method for prioritization is limited and (necessarily) adds to the simplification when achieving its purpose of 

being useable in a practical industrial context. 

Advantages and disadvantages of prioritization 

During completion of the CWA within the automotive industry, it was noticed that constructing 

Decision Ladders and completing the Strategies Analysis for all Activities would involve a significant resources 

investment (and thus unlikely to be undertaken by the organization). However, a structured approach for defining 

which Activities are worth investigating and which may be more peripheral to system efficiency was lacking. 

The Activity Prioritization method thus arose as an industry need, or constraint, on the application of CWA. 

Consistent with CWA, the next step after using the Activity Prioritization method would be to investigate the 

tasks conducted during the high priority Activities. The Activity Prioritization method is not intended to replace 

other methods used to translate analysis results into design requirements at later stages of the analyzing process. 

Instead, the proposed method is a way to focus the analysis to support the more efficient allocation of Research 

and Development resources for systems that are too complex or impractical to analyze in full. The Activity 

Prioritization method is thus intended to support the earlier focusing of effort in the analysis process, which is 

the method’s main advantage. 

It is important to consider that using the Activity Prioritization method, as described in the current 

study, results in excluding some Activities from further analysis. The best possible case would be to complete 

the analysis for all Activities before using the knowledge as input for design, but when that is not possible to do, 

a deliberate choice regarding what to focus on is to be preferred (as opposed to either an ad hoc, subjective, or 

unstructured approach, or indeed, the abandonment of further analysis effort). An advantage achieved when 

using the Activity Prioritizing method is the explicit and deliberate process of deciding what is included in 

further task analyses. 

The Activity Prioritization method was used to find which Activities the control task analyses should be 

focused on to improve the future system. Therefore, the frequency and the contribution to system values was the 
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basis for Activity prioritization. In other projects, the Activities could be prioritized based on other criteria. 

Because of this, we argue that the Activity Prioritization method is generalizable and could include sub-scores 

other than the ones used in the current project. Consider for example, that because workers are better adapted 

(trained, prepared, or supported) to solving the more common events, it could be of greater interest to investigate 

further the least common situations instead. To do this, the frequency scales could be inverted to prioritize 

infrequently occurring Functions. Alternatively, a method for ranking the Situations according to criticality 

rather than frequency, or using data from incident reports, could be used. A significant disadvantage with activity 

prioritization is the methods failure to address the critical situations and unanticipated events. This is discussed 

in the following section.  

The HumHID process developed by Hassall et al. (2010) was made for identifying human factor 

hazards, and therefore focuses on the Activities with a high risk (defined as likelihood and consequences) of not 

being completed in a correct way. A key difference between the Activity Prioritization method and that of 

Hassall et al. is that Activity Prioritization applies at an earlier stage of analysis, that is, before conducting 

Decision Ladders. Further the Function Priority scores are based on the WDA and the AH, but a higher score 

would imply that there is a larger consequence if the Function is not completed when needed. Alternatively, the 

high level risk assessment process by Hassall et al. is based on the CAT and Decision Ladders.  In the Activity 

Prioritization method the frequency of an activity is included, instead of frequency of not completing an activity 

correctly (as per Hassall et al.). We recognize that the approach by Hassall et al. could be an alternative to 

provide the prioritization another focus. In response, we would suggest that hazardous outcomes can occur from 

situations not involving incorrect task performance and that these Activities may also require further design 

support. For example, consider when an automation or a sub-system breakdown requires the worker to perform a 

task which is not associated with an activity that was previously identified as having a high risk of not being 

completed in the intended way. The issue of unexpected events is considered further in the following section.  

Safety critical situations and unanticipated events 

Regardless of how the criteria for the prioritization are defined, or if all known Situations and Functions 

described in the CAT are investigated, an analysis focusing on tasks will never cover all critical events (given 

that there may be an infinite number of situations). Furthermore, arguably the largest threat to system safety for 

complex sociotechnical systems are the events that are unfamiliar to workers and for which the system has not 

been designed (Vicente, 1999). The problem with failing to uncovering unanticipated events is not a product of 

the prioritization process, but rather, from focusing on tasks and situations when it is impossible to analyze an 
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unknown task, and impossible to know if the ‘unknown’ is sufficiently known. The ‘failure’ to exhaustively 

describe the unknown is itself, not unsurprising, indeed Vicente (1999, p. 181) says in the beginning of his 

chapter on Control Task Analysis: "Although an analysis of control tasks does not identify the support 

requirements to deal with unanticipated events, it does allow us to identify the requirements associated with 

known, recurring classes of situations." 

Our aim with conducting a Control Task Analysis in the MODAS project, and specifically, the 

subsequent Activity Prioritization method was to identify the Activities for further analysis. The goal was not to 

identify and avoid all safety risks, nor to accommodate for all unanticipated events. The key was to understand 

more about some central and anticipated parts of the truck drivers’ work. The WDA was conducted and modeled 

in an AH prior to the start of the task analysis to give an understanding of the information requirements, 

functions, and priorities in the system independent of situations (Bodin, 2013). Even when the task analysis was 

focused to a number of situations, we assumed unknown hazardous events will occur during system use. The 

design philosophy used was intended to support the development of an interface (or set of interfaces) to support 

the driver maintain supervision and control of their vehicle and to have the ability to take control of the system 

regardless of the situation—including importantly, the unforeseen situations (Jansson, Stensson, Bodin, 

Axelsson, & Tschirner, 2014). 

It could be argued that the focus on control tasks, situations, and activities is risky because it is based on 

known recurring classes of situations rather than unanticipated events, and that this problem will be exacerbated 

when prioritizing the activities as opposed to covering all identified activities or prioritizing with respect to 

safety criticality. We suggest that this becomes problematic if the design philosophy used in the project is to 

(just) make sure the system works in the situations that are analyzed and tested. Therefore we argue that a design 

philosophy focusing on supporting the worker given any situation is needed beyond a task analysis of prioritized 

Activities. The importance of both a (Control) Task Analysis and a Work Domain Analysis cannot be 

understated. The two together should support the development of systems that deliver increased transparency 

rather than hiding system (or domain) complexity (Andersson, Jansson, Sandblad, & Tschirner, 2014). 

Conclusion 

We have presented a key method that can be used to facilitate the transfer and uptake of Cognitive 

Work Analysis from the more academic or theoretical domains into commercial industry. The goal of the method 

is to provide the analyst with a structured process for decreasing the gap between Analysis and Design. A key 

step to closing this gap is reducing the volume of data collected during initial CWA stages so as to focus future 
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development on the key determinants of system performance—a method we call Activity Prioritization. The 

method and results described are of relevance and value to all analysts using Cognitive Work Analysis, but 

should be particularly appealing to industrial organizations where the efficient use of resources are necessary for 

profit and organizational survival. Finally, while we acknowledge that the method is not without its flaws, we 

argue that it extends beyond the capability of existing methods. Further work should seek to define how 

additional determinants of systems success (e.g. risk or hazard severity) can be included into a multidimensional 

prioritization process.  
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Figure 1.  Summary of a Contextual Activity Template (CAT), adapted from Naikar et al. (2006). 
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Figure 2. The different sub-scores contributing to the Activity Priority Score and their scales. All scales except 

the Situation Frequency Score consist of whole numbers. 
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Figure 3. An excerpt of the CAT showing Activity Priority Scores and the component Scores. 
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Table 1. Summary of Abstraction Hierarchy Levels, adapted from Reising (2000). 
 
Level Name Description Example 

1 Functional Purpose The reason for the systems’ existence Goods Distribution Via 

Road Transportation 

2 Values and Priority 

Measures 

Key values used to assess system 

performance 

Safety 

3 Purpose-Related Functions Functions necessary for fulfilling the 

Values and Priority Measures 

Vehicle control (driving) 

(Maintaining field of safe 

travel) 

4 Object-Related Processes Capabilities afforded by the Physical 

Objects 

Lateral control 

5 Physical Objects Physical Objects that can be found within 

the system 

Steering wheel 
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Table 2. Top four levels of the MODAS Abstraction Hierarchy. 

 
 
 
 
 

  

Object-Related Processes Purpose Related Function

Locomotion Relocation

Gear shifting

Space for storing cargo Fuel Efficiency

Light

Cargo manipulation Cargo Transport

Connect/disconnect trailer Effectivity and Efficiency

Route (and route change) Road Holding Efficient Relocation

Navigation Work & Cargo Transportation

Lockability Logistical Planning

Theft notification

Travel time Security

Vehicle stability

Speed controlability (decomposed) Loading/Unloading

Lateral controlability (decomposed)

Cargo and trailer access Vehicle Control

Locatability

Locked to ground Transparency of driving intent

Minimizing tyre wear Satety

Minimizing engine wear Visual Observation Safety when standing still

Traction Crash avoidance

Visibility Truck Standing Still Truck sustainability

To alert driver Crash safety

Time to (ev) obstacle impact Cab/Truck Access Injury-free work

Minimizing brake pad wear

Information about road situations Maintenance

Information about traffic situations

Presentation of subsystem status Short-term planability

Truck upkeep

Communication Robustness

Physiological effects of diet (Eat)

Noise isolation Assistability

Suspension (air)

Physical positioning and support Minimizing Noise

In cab storage

SOS alarm Climate/Temperature

Towability

Cargo Stability (Other) Seating

Heating/Cooling

Access area between cab and trailer Recuperate

Access cab

Impact protection Crash Protection
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Table 3. The beginning of the Priority List with the highest prioritized Activities (described as Situations and 

Functions from the Purpose-Related Function level of the AH) and their Activity Priority Scores. 

Situation Function (Purpose-Related) 

Contextual 
Activity 
Frequency 
Score 

Situation 
Frequency 
Score (with 
0.5 weighting) 

Function 
Priority 
Score 

Activity 
Priority 
Score 

Country road Cargo transport 2 4.5 9 (high) 81 
Country road Short-term planability 2 4.5 9 (high) 81 
Country road Transparency of driving intent 2 4.5 9 (high) 81 
Country road Relocation 2 4.5 9 (high) 81 
Country road Vehicle control (driving) 2 4.5 9 (high) 81 
Country road Visual observation 2 4.5 9 (high) 81 
Slippery road Cargo transport 2 3.5 9 (high) 63 
Slippery road Short-term planability 2 3.5 9 (high) 63 
Slippery road Transparency of driving intent 2 3.5 9 (high) 63 
Slippery road Relocation 2 3.5 9 (high) 63 
Slippery road Vehicle control (driving)  2 3.5 9 (high) 63 
Slippery road Visual observation 2 3.5 9 (high) 63 
Highway Cargo transport 2 3.0 9 (high) 54 
Start and end of shift Cargo transport 2 3.0 9 (high) 54 
Highway Short-term planability 2 3.0 9 (high) 54 
Start and end of shift Logistical Planning 2 3.0 9 (high) 54 
Highway Transparency of driving intent 2 3.0 9 (high) 54 
Highway Relocation 2 3.0 9 (high) 54 
Start and end of shift Relocation 2 3.0 9 (high) 54 
Highway Vehicle control (driving)  2 3.0 9 (high) 54 
Highway Visual observation 2 3.0 9 (high) 54 
Start and end of shift Visual observation 2 3.0 9 (high) 54 
Country road low 
traffic Cargo transport 2 2.5 9 (high) 45 

Hills Cargo transport 2 2.5 9 (high) 45 
Hills Short-term planability 2 2.5 9 (high) 45 
Country road low 
traffic Transparency of driving intent 2 2.5 9 (high) 45 

Hills Transparency of driving intent 2 2.5 9 (high) 45 
Country road low 
traffic Relocation 2 2.5 9 (high) 45 

Hills Relocation 2 2.5 9 (high) 45 
Country road low 
traffic Vehicle control (driving) 2 2.5 9 (high) 45 

Hills Vehicle control (driving) 2 2.5 9 (high) 45 
Country road low 
traffic Visual observation 2 2.5 9 (high) 45 

Hills Visual observation 2 2.5 9 (high) 45 
Country road Logistical Planning  1 4.5 9 (high) 40.5 

 





Paper IV





Rebuttal to Burns and Naikar from Journal of Cognitive Engineering and Decision Making. 
Copyright 2016 Human Factors and Ergonomics Society. All rights reserved. 

REBUTTAL TO BURNS AND NAIKAR 
 

Ida Bodin 
Uppsala University, Sweden 

 
Stas Krupenia 

Scania CV, Sweden 
 
The commentary by Burns and Naikar includes a discussion of the risks associated with 
prioritizing Cognitive Work Analysis (CWA) results, and a presentation of alternative 
solutions to the Activity Prioritizing method described in our original manuscript. The 
Activity Prioritizing method involves prioritizing activities according to their frequency of 
occurrence, and on their connections to higher level values in the work domain. We agree 
with Burns and Naikar regarding the importance of supporting the operator during 
unanticipated events, and thus retained all aspects of the Work Domain Analysis (WDA) 
throughout the design cycle. The purpose of our prioritization method was to, after conducting 
the WDA, review the data in a way that identifies tasks where R&D effort could have the 
greatest impact. The project in mind focused on very long term development, and therefore 
the “normal” work tasks were most natural to analyse first. It was also crucial during this 
process that all the knowledge obtained during the WDA was preserved. Burns and Naikar 
argued that the prioritizing approach presented may result in design solutions that fail to 
support the operators during low frequency- high effort events. On this statement we agree, 
we welcome the comments by Burns and Naikar, and suggest some ways forward from this 
first step towards a more resource-efficient CWA. 

THE SUGGESTED ALTERNATIVES 
 
Burns and Naikar suggest two alternatives to Frequency Prioritization; Prioritization by 
Function, and Prioritizing by Activity. Prioritization by Functions implies that the operator 
should, in real-time, prioritize the system values and priorities, for example between safety 
and efficiency. System designers should support the operator by visualizing these trade-offs. 
This approach is consistent with CWA and Ecological Interface Design (EID; Rasmussen & 
Vicente, 1989), as well as with the opinions of the authors. It is indeed important to help the 
operator adapt their actions to the current situation and the design of well-constructed 
information and control systems is crucial. We consider the Prioritization by Function 
argument, as parallel to the Activity Prioritization method. Prioritization by Functions will not 
contribute to a more focused analysis or support selection of the tasks to investigate, but 
rather will provide a more general design strategy (to which the authors concur). 
 
The other solution suggested by Burns and Naikar is Prioritization by Activity which involves 
prioritizing the Control Task Analysis on the basis of task/activity effort. Focussing on the 
demanding activities indeed appears an appropriate prioritization strategy, however, it will 
always be limited to the known situations and, as also argued by Burns and Naikar, this is 
dependent on the complex problem of identifying demanding activities. We agree with that 
identifying demanding activities is a complex problem, and we see the need for a more 
sophisticated method, similar to Prioritization by Activity, and would suggest that further 
work consider prioritization of high frequency-high effort (overload), high frequency-low 
effort (underload), low frequency-high effort (surprise). 
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WORK FUNCTIONS VS. FUNCTIONS 
 
Similar to Stanton and McIlroy (2012), our Contextual Activity Templates (CATs) contain 
nodes from the Purpose-Related Function and Object-Related Processes levels of the 
Abstraction Hierarchy (AH) developed during the WDA. Burns and Naikar argue that because 
the nodes from the AH are affordances of the work domain, they have a higher degrees of 
freedom compared to work functions, which is the reason for the large dataset and the need of 
prioritization. 
 
The rational for including the AH elements in our CATs was due to our assumption that one 
or more control tasks could be related to each function. If there is a need of a function in the 
work domain, that function might include a work task implemented by the operator 
(depending on the system design). It will not be the case for all functions, for example 
“robustness” in the AH describing long haul truck driving is required for sustainability and 
emerges from the construction of the vehicle as opposed to any driver task. Therefore 
activities from the CAT could be excluded after initial analysis of the control tasks when 
focusing on a specific design solution (e.g. the current system). Including known tasks or 
work functions instead of starting from the affordances of the work domain, might lead to that 
only a subset of the work is covered by the analysis without consideration of what is 
excluded. 
 

SUMMARY 
 
We do recognize the problems with prioritization raised by Burns and Naikar, and particularly 
that a focus on activity frequency is not appropriate for all projects. We also see that CWA is 
a powerful tool, and finding how to use the tool effectively and efficiently is important to 
broaden the possible use of CWA, and ultimately support better system designs. Further work 
is needed to better identify how to focus later CWA stages on the most critical information to 
support design efforts. We will continue to investigate other approaches for ‘industrializing’ 
CWA and we encourage others to do the same. We hope that our original manuscript, together 
with the commentary by Burns and Naikar, and our accompanying rebuttal, will provide the 
impetus for further work in this area. 
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Eliciting strategies in a revolutionary domain: exploring the hypothesis 
of context-free strategy categories 

 

The Cognitive Work Analysis framework is useful for development of new, 

revolutionary systems in existing (alt, well-known) domains. But problems arise 

when a domain changes rapidly which gives no relevant work domain to model. 

The current paper describes a strategy analysis conducted to support the design 

process of a system in a revolutionary domain, and explore how useful a 

formative strategies analysis approach is for this purpose. The authors elaborated 

on the formative strategies approach by having workshops with workers. The 

system in question is a future concept of a highly automated long haul truck 

developed within the project Methods for Designing Future Autonomous 

Systems (MODAS). The formative approach for strategies analysis includes 

context-free categories of strategies which were possible to apply in the truck 

domain and supported the elicitation of possible strategies. 

Keywords: cognitive work analysis, strategies analysis, automation, revolutionary 

domain, long haul trucks 

  



Introduction 

During system development it is difficult to predict how a system will be used, but it is 

necessary to focus on usability aspects early in the development process to lower 

development costs and prevent accidents. When technology advances at a rapid pace, 

system developers are faced with large differences between previous and potential 

versions of a system which further complicates development. One example is new 

revolutionary technical solutions for automatic control of vehicles which changes the 

very task of the driver. The authors of the present paper were involved in the Methods 

for Designing Future Autonomous Systems (MODAS; Krupenia, et al., 2014) project 

where one aim was to develop a human-machine interface (HMI) concept for a future 

long-haul vehicle with high levels of automation. Thus, automation was an a priori 

design attribute which revolutionises the work domain. 

A first step to support the design in this circumstance can be to gain an 

understanding of the current work domain where higher level functions might be 

constant over time. But to know how to design the system in a way which do not limit 

users and still allow context dependent implementation of a number of strategies, an 

understanding of future strategies is crucial. One way to handle the unknown factors 

about the future system is to use pre-defined categories of strategies, as in the formative 

strategies analysis approach proposed by Hassall and Sanderson (2014). The aim of the 

study in the present article is twofold: (1) to support the design process of a system in a 

revolutionary domain (i.e., a highly automated long haul truck) by conducting a 

formative strategies analysis; and (2) to explore how useful the approach by Hassall and 

Sanderson (2014) is for this purpose. 



Analysis of systems in revolutionary domains 

Difficulties of developing future systems are well known and this dilemma has been 

termed the envisioned world problem (Dekker & Woods, 1999). Difficulties usually 

arise because the work domain is new territory or because use of a new technology 

makes it difficult to predict the impact a future system might have on the work domain. 

A future system can either be developed from an existing system (evolutionary system) 

or from a clean slate (revolutionary system). In development of revolutionary systems in 

existing domains, methods from the Cognitive Work Analysis framework (CWA; 

Rasmussen, Mark Pejtersen, & Goodstein, 1994; Vicente, 1999) are very useful in 

describing the structure of a work domain, constraints from system purposes and its 

functions, the nature of tasks, strategies, and workers roles. A formative use of the 

CWA framework is fruitful when a new system is built from scratch (Vicente, 1999). 

The CWA framework can, according to Vicente, also be used in a descriptive manner in 

evolutionary design. However, when entering unknown territory with regard to new or 

drastically changing domains, CWA has its limitations since there are often no relevant 

work environments to model. The limits of current methodologies in relation to the 

development of future systems have been noted with regards to performance measures 

(Crone, Sanderson, & Naikar, 2003), activities (Naikar & Pearce, 2003), requirements 

(Nehme, Scott, Cummings, & Furusho, 2006), and also in relation to revolutionary as 

well as intentional domains (Cummings & Guerlain, 2003). 

Today, the long-haul vehicle industry is getting ever more ready to introduce 

fully automated trucks to our roads, that is, the technology is there to be utilised. The 

overall tasks of the human-machine system will not alter per se, but introduction of 

automation leads to dramatic shifts in task responsibilities which significantly 

transforms the tasks performed by human operators (Sarter, Woods, & Billings, 1997). 

Therefore, when technology drives the demand for new systems, there is a need to work 



against the idea that a clean substitution of humans with technology is feasible 

(substitution fallacy; ibid.). The idea can be counteracted by staying one step ahead and 

trying to anticipate transformations of the domain with regard to roles, tasks, and goals 

(Woods & Dekker, 2000). Furthermore, with new technology, novel strategies will 

emerge as operators gain experience with the system (Naikar & Pearce, 2003). With an 

understanding of the range of strategies that an operator could use, the system designers 

can build systems that support accepted user strategies in order to give some degrees of 

freedom for operators to grow into their work role. 

Eliciting strategies in domains in the midst of a technological revolution is 

difficult because of the unknown cognitive strategies that will emerge from the new 

technology. To fulfil an ecological focus, the work domain must be stable to enable 

identification of strategies since these are context dependant. In working with radically 

different future systems, a stable domain does not exist. For the purpose of our 

strategies analysis of a future in-vehicle HMI, Hassall and Sanderson’s (2014) 

formative approach thus seemed appropriate to adopt.  

The Formative approach to Strategies Analysis by Hassall and Sanderson 

The approach by Hassall and Sanderson (2014) contains eight strategy categories which 

are based on generic cognitive response strategies which, according to the authors, can 

be utilised in any domain. The approach is divided into two phases, the preparatory 

phase and the application phase.  

The preparatory phase suggests researchers to identify categories of strategies 

through literature studies. Alternatively, researchers can use the eight categories of 

strategies identified through Hassall and Sanderson’s (2014) own literature study based 

on research related to human cognition. The categories of strategies are part of a full 

factorial cube of three factors which exemplify when the categories of strategies are 



most likely to occur: (1) time pressure, (2) risk, and (3) task difficulty, which can all 

either be high or low. The eight categories are presented in Table 1. 

The second phase (application phase) is divided into four steps:  

(1) Identification of activity of interest 

(2) Operationalization of strategy-selection criteria 

(3) Identification of likely categories of strategies 

(4) Identification of factors promoting strategy selection and change 

The first step involves identifying the activities to include in the analysis, which 

can be a task or part of a task. The second step is identifying factors influencing likely 

strategies and when they occur. The time pressure, difficulties, and risk levels 

associated with the situations, tasks, and operators should be considered for the 

activities during analysis. In the third and fourth step the categories of strategies that are 

likely to occur are identified, and also the situations or factors prompting those 

strategies together with which categories of strategies that are preferred and accepted 

are identified. 

The categories of strategies and a similar approach for strategies analysis has 

been further developed in Hassall, Sanderson, and Cameron (2014). However, we have 

based our study on the original paper. 

The MODAS Project 

The authors of the present paper were involved in the MODAS project with the 

ambition to be ‘one step ahead’ and investigate how the driver interaction in a highly 

automated truck should be designed before the technical solutions are already here. The 

MODAS project aimed to (1) create a method for future systems design, and (2) to 

apply the method to develop an in-vehicle HMI for a highly automated long-haul 



vehicle (Krupenia, et al., 2014). The assumptions taken within the project was that the 

future truck would be equipped with an automated vehicle control to help the driver 

handle a more complex traffic environment, with higher traffic density, higher speed 

limits, platoons (communicating trucks driving close together to e.g. decrease fuel 

consumption), and lanes that changes depending on time and day. The driver is still 

meant to sit in the driver seat and should be supported by the truck’s interface in 

understanding what actions are to be implemented by the truck, as well as, for example, 

get information needed for route planning. These assumptions imply that future drivers 

are assumed to monitor the automated functions and control the vehicle on a strategic 

level instead of focusing on operational and tactical control (Krupenia, et al., 2014). 

Using methods of CWA, the work domain for today’s trucks was modelled in 

the beginning of the MODAS project (Bodin, 2013). When focusing on a future truck 

concept, there are no changes in the fact that cargo will be delivered. However, the 

changes in the system components and their functions as more automation is introduced, 

alters the strategies available in the implied sub-tasks to achieve this overall goal. 

Therefore there was a need within the project to investigate possible driver strategies 

and how to support them in the design of a future driver advisory system. The current 

paper describes the strategies analysis study which is based on the work domain 

analysis, identification of situations, and interface concepts developed in the MODAS 

project. 

Method 

The categories of strategies identified and described by Hassall and Sanderson (2014) in 

their preparatory phase were used in the current study. The categories were exemplified 

with an initial set of suggested strategies. The reason for the initial strategy elicitation 

already in the preparatory phase, and without any drivers, was to be able to bring the 



message across to the truck drivers of the first workshop as to what we wanted to 

accomplish. 

The application phase of the Strategies Analysis in the present study was carried 

out during four separate workshop events with a total of 15 long-haul truck drivers (3 

female). The average age of the participants was 44 years (range: 23–59) and they had 

been driving trucks on an average of 20 years (range: 3–38). During the first workshop, 

a set of initial strategies were presented to four truck drivers in a precursory workshop 

for evaluation and further elicitation of strategies. In the two subsequent workshops – 

with four and three participating truck drivers respectively – the aim was to first discuss 

if the possible strategies would be acceptable and preferred and then bring the different 

strategies alive through presentation in interface ideas. In the last workshop session – in 

which four truck drivers participated – the design ideas of the previous two groups were 

presented. Participants were asked to evaluate the ideas of their colleagues and also 

asked to elaborate on them (Figure 1). 

Step 1: Identification of activity of interest 

In this first step, we identified the activities of interest and chose meaningful scenarios 

by combining the knowledge from the earlier work within the MODAS project. To 

identify the activities of interest in the current study a list from Bodin (2013) of 

activities conducted by long haul truck drivers was used. An activity was defined as a 

work function occurring in a specific situation. The list included activities with work 

functions with many connections to higher level purposes of the abstraction hierarchy 

developed to describe the work domain, and with situations where the work functions 

were frequent. These situations were highway driving, country road driving, driving in 

hills, driving on slippery roads, driving in bad visibility, and start and end of a driving 

shift. The work functions chosen were: Cargo Transport, Short-Term Plan-Ability, 



Transparency of Driving Intent, Relocation, Vehicle Control (Obstacle Avoidance and 

Accuracy, i.e., getting to the right place), Visual Observation, and Logistics (Bodin, 

2013). This list was adapted to the expected need of driver interaction in the future by 

removing Relocation and adding Fuel Efficient Driving. The activities Short-Term Plan-

Ability, Transparency of Driving Intent, and Visual Observation were grouped together 

with Vehicle Control. Therefore the following functions were included in the present 

study: 

x Vehicle Control 

x Logistics 

x Cargo Transport 

x Fuel Efficient Driving 

In the current study sub-situations or events identified as demanding by drivers were 

also used to bring out focus on a range of possible events, while still keeping a concrete 

level when discussing with drivers. The events identified as demanding by drivers were: 

x Approaching traffic congestion on highway (as a threat to expected arrival time) 

x Changing lanes (merging) due to road work on highway 

x Passing an oncoming truck on a country road 

x Following another truck during poor visibility  

x Passing pedestrians during poor visibility 

x Driving down a steep hill 

x Driving downhill on a slippery road 

A difficulty while defining the activities of interest was that the driver tasks today and 

in the future may not be the same. All tasks might not be performed directly by the 



drivers since the future truck is assumed to have a high level of automation. However, 

the driver’s task is to make sure that these tasks are performed by the system as a whole. 

The activities of interest were reformulated to suit future tasks based on the expectation 

of the driver role to move from operational and tactical control to more holistic, 

strategic control. The activities included in the strategies analysis were expressed as 

following:  

x Vehicle Control – Make sure that the truck detects everything that is important 

for vehicle control in the close surroundings and monitor that the truck drives 

efficiently. This includes observation of vehicle behaviour and monitoring of 

truck foresight. 

x Logistics – This includes planning delivery stops and pick-ups, when and where 

to rest, as well as where to service the truck. 

x Cargo – Transport cargo in a safe way, as well as monitoring the cargo. 

x Fuel Efficient Driving – Make sure the truck is driven fuel efficiently (e.g., roll 

when possible). 

These activities were then contextualised in the seven demanding situations presented 

above. 

Step 2: Operationalisation of strategy-selection criteria 

The second step involved evaluation of time pressure, difficulties, and risk levels 

associated with the task under analysis since this will affect which strategy is more 

likely to be chosen. Because of the uncertainties of the future demands no emphasis was 

put on which category of strategies that most likely would occur as suggested by 

Hassall and Sanderson (2014). Therefore, and because we want to support the design of 



a flexible system, all categories of strategies defined by Hassall and Sanderson (2014) 

were used.  

Step 3 & 4: Identification of likely categories of strategies and factors 

promoting strategy selection and change 

An implication of working with a future system is that there is no system to evaluate 

and no actual users to consult. In the beginning of the first workshop, the assumptions 

about the future traffic environment made within the MODAS project, and the broad 

concept of the future truck, were explained to the participants. To make it easier for the 

participants to talk about how to conduct tasks in a truck with a very high level of 

automation, a system they had never seen, they were asked to describe all different 

ways to conduct the tasks today, and then how they could be carried out in the future 

truck and what would prompt them. The thoughts about the future were in form of 

design suggestions or technical solutions for the future system. 

The following three workshops started with a discussion whether the possible 

strategies would be acceptable, and continue with design ideas for support of the 

acceptable strategies. But the drivers in these workshops also provided information 

about strategies that could be used to perform the different tasks. Both the expressed 

current strategies (mostly from the first workshop) and the design suggestions were 

categorized into the pre-defined categories of strategies and described as future 

strategies during analysis. 

From analysis to design – to design a system that supports the strategies 

In the current study there was a need to find a way to move from the analysis of driver 

strategies to support the development of the future truck concept. The goal with the 

workshops was to get information about how to design the interface, where information 

should be placed, how the information should be presented, and more exactly what 



information to present. It was important to get knowledge about how to support the 

acceptable strategies elicited. The approach used was similar to the approach by Olsson 

and Jansson (2005), where drivers worked on an interface throughout the workshop 

sessions. Their domain knowledge were used to find useful design metaphors and what 

information to display. 

In the current study the last three of the four workshops were focused on how 

the strategies could be supported through the interface. The strategies that were 

conceived in the first workshop were presented during the second and third workshop. 

During the fourth and last workshop the ideas from the previous workshops were 

evaluated and elaborated upon. When the participants were given pre-defined possible 

strategies they were encourage to suggest a design that support all different acceptable 

strategies, not only the one that is closest to how they work today or the first thing they 

thought of. 

Seven scenario images were projected on a whiteboard during the last three 

workshops, illustrating the difficult situations, and were discussed in light of the four 

different tasks. The whiteboard had a drawing of a windshield, a tablet PC, and an 

instrument cluster. It was explained to the participants that the windshield would consist 

of a heads-up display (HUD) and that information could be presented both in the HUD, 

on the tablet, and in the instrument cluster. The participants were also presented with a 

bird’s eye view and topography view, which are concepts developed within the 

MODAS project that shows traffic around the truck from above and a cargo delivery 

time line on the HUD.  

Participants were asked to be creative and think of ideas on how information 

could be displayed that would support the strategies; this was drawn onto the 

whiteboard whilst switching between the seven situations that were projected on the 



whiteboard to be able to consider more necessary details. An example is depicted in 

Figure 2. 

Results and analysis 

Identified likely categories of strategies and strategy selection factors 

The most strategies were found for Vehicle Control and Logistics, and also large 

differences were seen within the analysis of those tasks, and therefore the results for 

those tasks are presented. 

Some of the strategies used in today’s trucks could be translated to strategies 

that could be used in the future and the design suggestions gave a hint of how the 

drivers thought they could solve the task in the future system which also could be 

translated to the strategies they would use. For example, for the task Logistics an 

avoidance strategy today was to ask a colleague about what route to take. The strategy 

of asking a colleague could be carried out while driving a future truck as well. Because 

it is a relatively common strategy today, a communication tool supporting this could be 

developed and was suggested by the workshop participants. Another example is to use a 

map to plan the route, which is an analytical strategy today for the same task. When this 

is translated to a strategy in the future system it is generalised to ‘analytical reasoning to 

figure out the route planning’, because other tools than a map could be used in the 

future system. The participants also mentioned information about platoons possible to 

join or information about traffic accidents as needed information which would be useful 

if the driver is planning the route analytically. 

For the Vehicle Control task, the strategies that could be used today were found 

to be different from those of the future system. The strategies to use in the future system 

were mostly expressed as suggestions for technical functions or information 



requirements. One example is information about what is further ahead on the route, 

which would support the use of environmental cues. Another example is information 

about what the system is detecting, which support the cue-based strategy to compare the 

environment with what the system detects. 

The identified strategies that currently can be used and the strategies that could 

be used in a future MODAS system for the tasks Vehicle Control and Logistics are 

displayed in Table 2 and Table 3. The tables also include the strategy prompts and what 

category the strategies belongs to.  

Design Suggestions for Support of the Accepted Strategies 

The Vehicle Control Task 

Cue based strategies for Vehicle Control, where environmental cues are used, can be 

supported by information about what comes further ahead, for example after the next 

turn, presented on a bird’s eye view on the HUD. Another suggestion to support the cue 

based strategies is to show a video of what is in front of the first truck in the platoon, on 

the HUD, looking as if it is projected on the truck in front. 

Furthermore, a cue-based strategy  to compare what is observed in the 

environment with what is detected according to the interface, to know that the 

automated systems are functioning, can be supported by an interface that indicates 

important parts of what is detected (e.g. slow moving traffic, people or animals next to 

the road). It can either be information augmented at the HUD or as icons in a bird’s eye 

view or the time and topography bar. This strategy could also be supported by 

information about where the truck will drive either as augmented wheel tracks or as 

arrows in the bird’s eye view. Another suggestion is to use dotted and solid lines to 

show planned and implemented lane changes. 



Information how the truck will handle upcoming situations on a tactic level (a 

little further ahead) could be shown in the bird’s eye view and information about the 

planned route (strategic level), accidents and traffic jams could be displayed in the 

topography bar.  

The Logistics Task 

That a driver asks a colleague for directions or follows a colleague, are strategies 

belonging to the category for avoidance strategies but are seen as acceptable and should 

therefore be supported. The mentioned strategies could be used when the route is 

unfamiliar to the driver, maybe because of a traffic jam or other unforeseen incidents, or 

that the drivers want to drive together. 

The strategy to ask a colleague could be supported by information about 

colleagues that have driven the route earlier presented on the tablet and a function to 

directly call up the colleague, if currently at work. The strategy to follow a colleague 

could be supported by a function to achieve or send your planned (or saved) routes to 

other drivers. In this way the driver following can have the same route as the driver in 

front. If the trucks have different specifications, for example different height, they might 

not be able to drive the same route due to a crossing flyover and then a warning should 

be displayed. Another idea is to show the city the truck in front is heading to on the 

HUD to make it easier to follow a truck that is driving in the same direction. To use a 

route which a colleague or the driver used before is another similar imitation strategy 

which can also be supported by a function to store routes which could be shared with 

other drivers. 

The driver could have criteria for route planning that has not been foreseen and 

included in the route suggestions provided by the technical system. In order for the 

driver to better handle these situations analytical (manual) planning of the route need to 



be supported. Analytical planning could be supported by providing the information the 

technical system base the route suggestions on directly to the driver.  

The only strategy placed in the arbitrary choice category is to take the nearest 

possible highway exits without knowing the new route. It can be seen as an 

inappropriate strategy, but it was a strategy drivers described as necessary when a fast 

decision meant avoiding being stuck in a traffic jam. But leaving the highway can also 

lead to a long detour or an obstacle you cannot pass, for example a low bridge. The 

driver can therefore, in such a situation, be supported by information on the HUD about 

the shortest alternative route, which quickly gives the driver an indication whether the 

exit is a reasonable decision or not. 

Differences between today and the future for Vehicle Control and Logistics 

Many strategies for Logistics that could be used in the future system are overlapping 

with the strategies that can be used today, which can be seen in Table 3. When looking 

at Vehicle Control and Table 2 instead, many of the strategies are new and cannot be 

used in the present system. 

Manual Vehicle Control will probably also be possible in the future, and in that 

way all the current strategies could also be used in the future system. The analysis of the 

future system was focused on the new task of monitoring the Vehicle Control rather 

than actually controlling the vehicle, and when the driver task changes the strategies 

also changes. The same division was not made for Logistics where the task was 

described more similar to the task today, and the driver role was assumed to be 

including Logistics to a higher degree, even though automated systems could be used.  

Also note that the strategies described are the ones performed by the driver, 

which means that some strategies are missing in the column for the future vehicle 

because the technology is expected to handle this task. An example of this is the 



avoidance strategy in the current system to use the function eco-roll which 

automatically controls the speed to achieve lower energy consumption. In the future 

when the task is to monitor the vehicle control, this is no longer a possible avoidance 

strategy. 

Discussion 

The formative strategies analysis approach 

As mentioned by Vicente (1999), flexibility is needed in an open system and can be 

achieved by letting the worker adapt the task procedure to the current situation, rather 

than enforcing one ‘correct’ way to perform a task through system design. To give the 

workers the flexibility needed to control an open system was the rational for identifying 

many acceptable strategies to be supported with system design in the current study. The 

categories of strategies and the approach suggested by Hassall and Sanderson (2014) 

were useful because it facilitated a focus on possible strategies instead of focusing on 

(the best) strategies used today. It was a way to ask the drivers for a variety of possible 

strategies, and by considering all categories more strategies seemed to be found. 

By adopting the context-independent approach with pre-defined categories 

suggested by Hassall and Sanderson (2014), it was possible to avoid a too heavy focus 

on the work domain of today. A limited focus on today’s domain was necessary to 

support the development of the future HMI, which is assumed to change heavily and be 

very different from the system today. 

The categories of strategies by Hassall and Sanderson are very generic, which 

means that they are not developed for a specific work domain but for many possible 

actions. The method differs heavily in this sense from the ecological focus encouraged 

by Vicente (1999). As mentioned earlier, the context-free approach seems to be an 



advantage when working with revolutionary domains. But what needs to be noted here 

is that the focus is on the strategies for the tasks implemented by the driver in the future 

system. By studying the constraints put on the work from the assumed future traffic 

situation and physical world it might be possible to instead describe the strategies the 

future system (truck and driver) as a whole can use. We did not investigate how useful 

the approach by Hassall and Sanderson is when system strategies are of interest. The 

aim with the current study was to identify many possible future strategies that the driver 

could implement to enable us to better understand information and design requirements. 

Because of this, the method by Hassall and Sanderson (2014) was used as is without 

changing or excluding any of the suggested categories. 

During the data collection and analysis within the current study, conducted for 

the truck domain, it was noted that some of the categories of strategies were used to a 

larger extent. Some other categories of strategies were not seen to be applicable to the 

tasks conducted by truck drivers (see Table 2 and 3). For example, no strategy in the 

current study was described as an intuition strategy. Some of the strategies described 

could be placed in that category, but when other categories were a better fit the intuition 

strategy category was seen as superfluous. This implies that the proposed categories of 

strategies by Hassall and Sanderson (2014) are overlapping, which is further 

exemplified by the fact that, for example, all strategies elicited could also be placed in 

the ‘imitation’ category, if learned by copying another driver or if used before. That the 

categories are overlapping seem to come from that the categories are describing how to 

discover strategies, and therefore one specific strategy could belong to different 

categories; it can be identified in different ways. Furthermore, a strategy from the 

category for option-based strategies needs to be complemented with another strategy for 

the selection of one of the options. The category for option-based strategies was within 



the current study used for strategies including a selection of an action or plan suggested 

by a technical system. It is then necessary to further consider what strategy to use to 

select one alternative, and how the selecting strategy can be supported. 

Limitations 

The main limitation with the method by Hassall and Sanderson (2014), and our 

adaptation of their approach, is the difficulty to validate the results. Today we cannot 

determine how the analysis will influence the design and final system, or the success of 

the system because it is long until the future system will be built and can be used in real 

situations. 

The approach by Hassall and Sanderson also included a cube containing 

different factors which determined when a strategy from the different categories was 

more likely to be used. The factors are (1) time pressure, (2) risk, and (3) task difficulty, 

which can be either low or high. The cube was of limited use in the current study for 

two reasons. First, the current study aimed at identifying many possible strategies to 

support interface and system design with the aim to give the driver flexibility when 

coping with different situations by letting the driver chose how to conduct the task when 

in the situation. Second, it was hard to determine the levels for the cubes three factors 

when working with a revolutionary system, especially because the levels are context 

dependent.  

Something else to note is that we did not identify any strategies that should be 

avoided and thus be made impossible to perform in the new system design. An 

explanation of why no strategies that should be rejected were found is that the study was 

focused on identifying how future driver tasks can be performed, and how technology 

can support the driver in preforming the tasks with different strategies. In the truck 

domain it was difficult to imagine obvious bad strategies, and if proposed they would 



probably immediately be rejected. It could be because the actions implemented often 

gives a direct visible impact in the environment (e.g. steering), and therefore bad 

strategies often seem very obvious, as opposed to other domains with more indirect 

feedback such as process control. 

It is also difficult to say that a strategy never would be useful or optimal for a 

particular situation. One example is the strategy in the Arbitrary Choice category of 

taking the nearest possible highway exit without knowing if it is appropriate. The 

drivers discussed that information could support the driver to not end up in the situation 

of being uninformed, they further argued that the strategy will sometimes be needed 

also in the future because of too short time to consider the information (e.g., between 

the occurrence of a traffic jam and the last possible exit before it). 

Conclusions 

Strategies that would be acceptable to use in the new system of the revolutionary 

domain under analysis were identified through workshops with today’s workers. The 

strategies and design suggestions from the workers were presented to the MODAS 

interface designer as an input to development of the future truck concept. It is difficult 

to evaluate the actual impact of the current study on the final design, and it is many 

years until we will be able to see the concept as an end product. The formative approach 

for strategies analysis proposed by Hassall and Sanderson (2014) was useful in 

identifying many possible strategies that could be used by the worker to perform tasks 

in a future system. The approach could be especially useful for development of work 

environments in domains with large technological advances and the environment in 

which the system operates is drastically changing. This because their method can be 

used even when the system is not yet developed, and the study is based on early 

concepts and assumptions about the future. 
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Table 1 Strategy categories identified by Hassall and Sanderson (2014). 

Strategy 
Category 

Description Circumstances Provoking 
Strategy 

 
 Time 

Pressure 
Risk Difficulty 

Intuitive 
Routine tasks, executed automatically Low Low Low 

Analytical 
reasoning 

Used to carry out the task, based on 
fundamental principles of the work 
system, mental simulation of possible 
outcomes or another type of reasoning 
process 

Low Low High 

Compliance 
Follow rules and procedures, read and 
follow a written procedure 

Low High Low 

Option-
based 

One option for action is selected (either 
by reasoning, evaluation or “rules-of-
thumb”) from alternatives that matches 
some criteria 

High Low Low 

Imitation 
Approach to task copied from another 
worker or similar situation 

High High Low 

Avoidance 
Delaying or not performing the task High Low High 

Cue-based 
Include and exclude possible actions by 
taking relevant evidence from the 
environment into account 

Low High High 

Arbitrary-
choice 

Tasks that are uncommon and random 
(scrambled, ad hoc) and without 
considerations of options. (Pressing a 
button to cancel an alarm) 

High High High 

 

  



Table 2 Strategies elicited from Strategies Analysis for Vehicle Control task of both 

current and future vehicle systems. 

Strategy  
Category 

Elicited Strategy Current 
strategy 

Future 
strategy 

Strategy prompt 

Avoidance Use cruise control and Eco 
Roll 

X  Highway driving 

Avoidance No supervision  X Trust (over trust?) 

Avoidance Let passenger supervise  X Tired driver 

Intuitive Emergency 
breaking/steering 

X  Obstacles close in 
front 

Intuitive Vehicle placement in lane X  Driving 

Intuitive Intuitively take over 
control 

 X Emergency, 
Automation failure 

Option-
based 

Either release the 
acceleration, hit the 
brakes, or swerve 

X  Obstacles close in 
front 

Option-
based 

Drive safe, efficient, or 
fast 

X  Time 
pressure, 
visible police 
cars etc. 

Option-
based 

Choose between 
alternatives of drive safe, 
efficient, fast or in a cargo 
specific mode 

 X Policy, status, time 
pressure, cargo 
(hanging, liquid, 
livestock, or fixed) 

Cue-based Speed limit signs, GPS X X Information input 

Cue-based Reads cues from traffic far 
in front 

X X Visible traffic 

Cue-based Turning left/right, 
changing lane 

X  Curves, needed lane 
changes 

Cue-based See where other vehicles 
will drive depending on 
how they behave (to know 
if the truck behaviour is 
sufficient) 

X X E.g. when changing 
lanes in high traffic 

Cue-based The driver uses cues in the 
environment to drive and 
turn 

X  Narrow place 

Cue-based Use environmental cues to X X Obstacles  



know what happens 
further ahead 

Cue-based Compare environment 
with what the system 
detects 

 X Driving, Wants to 
know that the 
automated systems 
are functioning 

Cue-based Use information from 
truck to know what the 
truck will do next 

 X Lane change, 
Overtaking other 
vehicles 

Compliance Keep within speed limits X  When driving 

Compliance The driver is following 
some rules of thumbs to 
drive and turn 

X  Narrow place 

Compliance Using knowledge about 
how the trailer acts when 
turning to drive and turn 

X  Narrow place 

Compliance Make sure the truck drive 
within speed limit 

 X When driving 
Temporary speed 
limits 

Compliance Take over control  X Traffic rules (local or 
terrain specific) 
against automation 
Automation failure 
Sensor failure 

Analytical Deciding to take over 
control or not by 
reasoning whether the 
truck can handle an 
upcoming situation 

 X Novel situations 

 

  



Table 3 Strategies elicited from Strategies Analysis for Logistics task of both current 

and future vehicle systems. 

Strategy  
Category 

Elicited Strategy Current 
strategy 

Future 
strategy 

Strategy prompt 

Avoidance Ask a colleague X X Unfamiliar route, 
Traffic jam or other 
obstacles ahead 

Avoidance Follow a colleague X X Shared destination, 
Unfamiliar route 

Avoidance Stop and wait/stay with 
same route even if it is a 
delay 

X X Delay, no time 
pressure or no option 

Arbitrary-
choice 

Take the nearest 
possible halting 
place/highway exit 

X X When you fall behind 
the schedule, Missing 
another plan, Short 
time e.g. traffic jam in 
front on the highway, 
and the last exit before 
the jam is close 

Imitation Use colleague’s route X X Unfamiliar routes 

Imitation Use the same route as 
before 

X X Experience of the 
route 

Option-
based 

Choose from suggestions 
of halting places or gas 
stations along a route 

X X Route planning, 
Unfamiliar area, Delay, 
Fuel level low 

Option-
based 

Choose from alternative 
routes presented by 
system (fulfilling 
different criteria) 

X X Route planning, 
Unfamiliar area, Delay, 
New delivery stop, 
Faulty weight values 
on waybill 

Cue-based Use traffic information 
from the radio to decide 
what route to take 

X  When planning route 

Cue-based Read traffic signs to 
decide what route to 
take 

X  When driving 

Cue-based Use traffic information 
and e.g. platoons that 
are possible to join to 
decide what route to 

 X When possible platoon 



take 

Compliance Follow GPS instructions X  When driving 

Compliance Enter truck specifications 
into the GPS system to 
ensure a sufficient route 
is chosen (without 
bridges or tunnels the 
truck cannot pass) 

 X Company policy 

Analytical Plan the route 
analytically with map, 
GPS or road information 

X X GPS not updated, 
Interested driver, 
wants to plan the 
route manually 

 

 

  



 

Figure 1. Driver strategies were identified from a set of initial strategies for the tasks 

included in the study during the initial workshop. This followed by three workshops 

about possible and acceptable strategies, strategy prompts and design ideas for 

supporting the strategies. The expressed current strategies and the input to design were 

also translated into future strategies during analysis. 

  



 

Figure 2. Picture taken of the whiteboard during one of the workshops with drivers. It is 

showing augmented wheel tracks on the HUD showing where the truck will drive, a 

detected person next to the road and a meeting truck. 
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As part of a broader industrial project, the first two stages of a Cognitive Work Analysis (CWA, Work 

Domain Analysis [WDA] and Control Task Analysis [ConTA]) were completed for Long Haul 
Commercial Road Transport. To support the potential uptake of CWA by different stakeholders within the 
industrial organization, parts of the ConTA Contextual Activity Template (CAT) were truncated. The goal 
of the current, exploratory study, was to identify which stakeholders within the industrial organization 
could benefit from using the WDA or CAT for either their Strategic (Research) or Product (Development) 
planning, and over what time horizon. We observed differences in the perceived usefulness of the WDA 
and the CAT between the different stakeholders. Innovative solutions to the issues raised should 
significantly enhance the industrial use of Cognitive Work Analysis.

 
INTRODUCTION 

This work emerged as part of an effort to support the 
industrial update of Cognitive Work Analysis (CWA; 
Rasmussen, Pejtersen, & Goodstein, 1994; Vicente, 1999). As 
part of this effort, we explored restructuring a Contextual 
Activity Template (CAT; Naikar, Moylan, & Pearce, 2006). 
We presented an Abstraction Hierarchy (AH) and two 
different representations of the CAT to different stakeholders 
within an industrial organization and examined their perceived 
usefulness. A key driver for the current study was the 
restructuring of the CAT. 

In contrast to previously published methods, we 
constructed a CAT using the Object-Related Processes 
modeled on the Work Domain Analysis’ AH (for long haul 
commercial haulage). This model is from now on called the 
Object-Related CAT. Traditionally, a CAT is constructed 
using the level above Object-Related Processes on the AH, 
that is, the Purpose-Related Functions (from now on Purpose-
Related CAT). However, within the industrial organization, 
most work occurs on a more technical level, and it was 
presumed that the abstracted nature of the Purpose-Related 
Function would limit the usability and uptake of the analysis. 
Thus, to better support industrial uptake of CWA, an Object-
Related CAT was constructed. 

During discussions by the authors on the differences in 
the industrial value of our Object-Related CAT and a Purpose-
Related CAT, it seemed possible that whereas the former 
would be of greatest value to the ‘line workers’ over the 
shorter period, the latter could be of value to either higher 
management, or persons involved in assessing overall (i.e. 
integrated) product value over the longer time period. In 
response to this potential, we truncated the Object-Related 
CAT into a Purpose-Related CAT. 

In the current document we briefly describe the Work 
Domain Analysis, followed by the Object-Related CAT and 
the process by which this was truncated into a Purpose-
Related CAT. We then report on an investigation within the 
industrial organization to identify which stakeholders could 
find value in either the AH, the Object-Related CAT, or the 
Purpose-Related CAT. We investigated whether any of these 
models could support their Strategic or Technical/Product 
Planning and over different time horizons. 

BACKGROUND 

Cognitive Work Analysis (CWA) is a framework for 
analyzing complex sociotechnical systems, which is grounded 
in an ecological perspective. The first phase of the CWA 
framework is a Work Domain Analysis (WDA), which defines 
the structure of the system independent of situations and 
actors. A WDA is usually modeled in an AH, which typically 
consists of five levels of abstraction illustrating how the 
physical components of the system contribute to the overall 
system purpose. Each level of the AH includes nodes that 
represent (lowest level) physical objects in the system, or, 
(higher level) Functions and Purposes of the system, with 
mean-end links connecting the nodes between the levels. 

The second phase of the CWA framework is Control Task 
Analysis (ConTA), and the CAT belongs to this phase of the 
analysis. The CAT models Activity conducted in a work 
domain by decomposing it into Situations and Functions. The 
likelyhood or frequency at which a Function occurs within a 
Situation is usually illustrated by symbols, however, in the 
current work a Contextual Activity Frequency Score is used. 
A score of two means that the Activity usually occurs, a one 
represents can occur, and a zero represents does not occur. 

When using the CWA (Vicente, 1999) framework within 
our industrial context, the analysis requirements were 
influenced by two more pragmatic factors. First, the method 
should support the immediate, ‘short-horizon’, product 
development needs of the industrial partner (Scania CV AB). 
This short-horizon’ development is typically completed by a 
limited number (one or two) of organizational units with a 
well-defined scope. Second, the method should support ‘long-
horizon’ systems development of Next Generation, highly 
automated trucks. This type of systems development typically 
involves multiple organizational units attempting to (re)define 
the scope of their products within the future system. Long-
horizon development thus also involves identifying work to be 
conducted in these ‘future systems’ and the information 
needed by operators to conduct tasks and supervise systems. 
In the current study we investigate how well the two key 
requirements are fulfilled. 

To investigate how the goals of supporting both short-
horizon and long-horizon development are met, a decision was 
made to create two CATs. The first CAT, called the Object-
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Related CAT, included the nodes contained on the fourth level 
of the AH (Object-Related Processes) as Functions. The 
second CAT, the Purpose-Related CAT, included the nodes 
from the third level (Purpose-Related Functions; Jenkins, 
Stanton, Walker, & Salmon, 2009). The hypothesis was that a 
focus on Object-Related Processes in the AH can provide 
feedback to product developers, and that a truncated CAT 
could be constructed that reduces the Object-Related 
Processes into a CAT with Purpose-Related Functions which 
would support long-horizon system development. 

There were three reasons for collecting the data for an 
Object-Related CAT and truncating the Object-Related 
Processes to Purpose-Related Functions. First, we 
hypothesized that by using the Object-Related Processes we 
remained closer to the technical affordances which can 
provide more concrete feedback to product developers about 
how their technologies are, or could be, used (short term 
horizon). Note that in a large Original Equipment 
Manufacturer (OEM), product developers are often removed 
from the target user population. Feedback regarding their 
technology affordances on the Object-Related Processes level 
will be more easily understood. This more tangible feedback 
should support product developers gain a new perspective on 
their technologies. 

Second, the Purpose-Related Function level of the AH is 
more closely connected to higher level purposes within the 
domain and are therefore presumed to be more relevant for 
long-horizon system development. When focusing on a future 
system that is not yet developed, it is arguably better to look 
into the constraints of the work that will be completed in the 
future, rather than into the system itself. 

Third, we speculated that an Object-Related CAT can be 
truncated to provide a perspective on the Purpose-Related 
Functions, whereas the reverse (extrapolating from the 
Purpose-Related Functions to the less abstract Object-Related 
Processes) would not be possible. 
 

METHOD 

Participants  

Twelve participants voluntarily participated in this study. 
Participants were approached to be interviewed because their 
role within the industrial organization, and was one of three 
Job Roles (N=4 for each); Group Manager, Property Owner, 
and Object Owners. 

Group Managers have a ‘standard’ managerial position 
supervising between (approximately) ten and thirty persons in 
a single group. A Group is the second lowest organizational 
unit within the organization. A Group is embedded within a 
Section, and can be divided into teams. Examples of Groups 
within the organization are; Driver Vehicle Interaction Group, 
Driver Ergonomics, Information Systems, Climate and Safety 
Systems. Persons within a Group may also be Object or 
Property Owners. Group managers are responsible for Group 
Strategic Plans with involve identifying two to five focus area 
for the next, typically, one year.  

Object Owners are persons responsible for a physical 
object within the vehicle. Objects may be embedded within a 

system (and thus have a corresponding System Owner). 
Although an object is composed of sub-components, Object 
Owner is the lowest organization decomposition for a 
technological solution. Examples of objects are; Instrument 
Panel, Headlamps, Driver Area, Bed. Object Owners would 
typically contribute to creating a product or technology 
roadmap for their object. This planning may involve when 
certain technological milestones are expected to be met. 

Property Owners are persons responsible for more 
integrated product quality that typically includes a range of 
technologies, but where the technologies are not necessarily 
related (technically). Examples of Properties are: Acoustics, 
Ride and Vibration Comfort, Physical Vehicle Ergonomics, 
Security, Climate Comfort. Property Owners do not have 
roadmaps in the traditional sense, but rather have evaluation 
goals (e.g. Property X should attain a score of 7 out of 10 on 
that property’s evaluation scale). 

 
Apparatus 

The WDA examined long haul heavy commercial truck 
driving and the AH was iteratively modeled using interviews, 
observations, and a verbalization session (Bodin, 2013). 
Interviews with a professional driver and a senior engineer 
were conducted, and an observation study was performed over 
four days with four drivers (one driver/day). The study 
included 35 hours of observations (16 hours of video was 
captured). Drivers were also asked to talk out load during 
short sessions. Finally, verbalization interviews with the 
drivers were conducted a few weeks later.  

The two CATs both included Situations identified from 
the observation study on which the AH was based. The 
Functions included in the Object-Related CAT were adopted 
from the Object-Related Processes level in the AH. The 
Purpose-Related CAT included Functions from the Purpose-
Related level. 

The scores for each Activity (the Contextual Activity 
Frequency Scores) in the Object-Related CAT were assigned 
through structured interviews with five professional drivers. 
Interviews focused on how frequently the Functions occur in 
the Situations (Usually/Can occur/Never occurs). The 
Contextual Activity Frequency Scores in the Purpose-Related 
CAT were determined by truncating the scores in the Object-
Related CAT, using the same Situations and mean-end links 
between the Object- and Purpose-Related level in the AH. In 
most cases there were several Contextual Activity Frequency 
Scores from the Object-Related CAT that were then truncated 
into the Contextual Activity Frequency Score for an Activity 
in the Purpose-Related CAT. 

It is important to recall that a score of two represents 
“usually occurring”, a score of one represents “can occur” and 
zero means that the Function “never occurs”, in the defined 
Situation. The scale is ordinal and therefore no mean values 
can be calculated, which has the implication illustrated in the 
following example: Imagine the situation where a person is 
asked if they ‘usually’, ‘can’, or ‘do not/never’ complete the 
following tasks at work: vacuum clean, dust, throw away 
papers, and empty the rubbish. It is likely that our office 
worker would usually (score 2) throw away papers and empty 
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the rubbish bin (while at work), but it is also likely that they 
never (score 0) vacuum clean or dust (while at work). When 
truncating this to a higher abstraction level, that is, how often 
the person “cleans at work”, the response might be that they 
“usually” (score 2) clean at work. For this example, the mean 
score of the lower level Contextual Activity Frequency score 
would be 1, implying that the person can clean at work. This 
however, is not entirely correct, because the worker usually 
throws away papers and empties the rubbish bin, which gives 
a score of 2.  

The truncation of some of the Contextual Activity 
Frequency scores is visualized in Figure 1. All the Activities 
in Figure 1 are from the Situation “Highway driving”. Figure 1 
illustrates the connection from the Purpose-Related Functions 
to the connected Object-Related Processes are their scores. 

 

 
Figure 1. The truncation process for four of the Purpose-
Related Activities related to Highway driving. 

 
The AH, Object-Related CAT, and (truncated) Purpose-

Related CAT were there three models used for the interviews. 

Procedure 

Each interview started with a description and explanation 
of the CWA framework, including the AH, and the two CATs. 
After explaining the models, participants rated to what extent 
each models would support Strategic Planning and 
Technology or Product planning, for four time horizons (six to 
12 months, one to three years, three to five years, and five to 
ten years). Ratings were given on the scale one to five, 
representing not at all to very much. Comments were 
encouraged, and open questions about the reasoning behind 

the ratings and other ways the models could support their 
work were asked. All questions were first asked for the AH, 
and then the two CATs (counterbalanced). 

 
RESULTS 

Given the explorative nature of this study, and the rather 
specialized participant pool, inferential statistics are not 
reported. Some quantitative data are reported, though 
(arguably) of greatest value to supporting CWA penetration 
within the industrial organization is the qualitative feedback.  

 Results indicated that across all Job Roles, the 
Abstraction Hierarchy was judged to be the most useful, 
followed by the Object-Related CAT, and lastly the Purpose-
Related CAT, see Figure 2. 

 
Figure 2. Usefulness Scores for three model representations, 
by three Job Roles. 
 
The Abstraction Hierarchy 

All Group Managers saw the AH as a useful tool to 
understand the bigger picture – it visualizes to which functions 
and values truck sub-systems contribute. One group Manager 
said that they currently work in a similar way for their sub-
system, but without the highest levels of the AH, and the 
larger picture is especially useful for planning. The manager 
further explained that it is hard to know what direction to take 
if planning focuses on technical components and when 
compared to focusing on abstract values it is hard to see the 
connection to system components. Therefore the AH with the 
connections from the purpose of the system to the physical 
components is very important.  

Another Group Manager said that the work with strategic 
planning should focus on the value and priority measures, and 
their connection to lower levels in the AH. But the manager 
also reasoned that the AH will not give support “all the way”, 
because the purpose with development is to find and create 
new connections and nodes, especially at lower levels of the 
AH. The manager further said that the large advantage of the 
AH would be having the possibility to identify connections not 
traditionally identified. Another group manager said that the 
strategic planning comes from higher managements levels, 
and the focus should therefore just be on the higher level 
values, meaning that the AH was less useful. The same 
manager further said that the AH is instead useful during the 
work with property roadmaps, where the connections from 
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higher AH levels to the system components and their 
Functions are important. 

One Property Owner also saw the AH as a structured way 
to see how, for example, sensors are used. They could benefit 
by not accidently changing a sensor without knowing all its 
functions. Another Property Owner reasoned that the AH 
would be useful for some part of the property work, because it 
is a good way to look at the problem on a higher level instead 
of just focusing on the physical objects. Another Property 
Owner also said that how useful the AH would be probably 
depends on for what property one is responsible. If the 
property is fairly isolated the connections in the AH would be 
of less importance compared to working with a property 
fulfilled though many of the trucks sub-systems. Three Object 
Owners also mentioned the possibility to more easily see how 
system functions are affected (how the links changes) because 
of updates of the physical components. 

Eight of the twelve participants rated the AH as more 
useful in the long term for strategic planning and/or 
technology roadmap (two participants said no difference over 
time, one less useful in longer term, and one less useful in the 
shortest and longest time span). Two of the Object Owners 
reasoned that in the short term there is no time for large 
changes and the work conducted is on a detailed level, and 
therefore the AH is more useful in the longer term. One group 
managers reasoned that longer term is needed when making 
real changes, but in the long term the world will also change. 
One group manager that rated the AH as more useful in the 
short term, reasoned that here, the representation of the sub-
systems is correct, because the possibilities for changes are 
small and no completely new sub-systems will be developed. 

 
The Contextual Activity Templates 

Five participants (two Object Owners, two Group 
Managers, one Property Owner) said that because of its closer 
connection to technical components, the Object-Related CAT 
is easier to understand or better than the Purpose-Related 
CAT, which was seen as harder to use or too general. Another 
Object Owner perceived both the CATs as to general to be 
useful, especially in the short term. 

Both CATs were rated as more useful in the long term for 
strategic planning and/or technology roadmap by six of the 12 
participants (not the same participants for both CATs). For 
both CATs four participants rated no difference for the 
different time spans, and two participants gave lower rating 
for longer term. 

All Property Owners rated the Purpose-Related CAT as 
more useful in the long term for strategic planning and/or the 
technology roadmap, and two of the four Property Owners 
rated the Object-Related CAT as more useful in the long term 
for strategic planning and/or technology roadmap (the other 
two Property Owners said it is no difference over time). One 
Property Owner reasoned that the Purpose-Related CAT is 
less based on the current system and would possibly be more 
static over time, compared to the Object-Related CAT. The 
three other Property Owners also said that this CAT would be 
more important in the long term, because, for example, no 
large changes are possible in the short term.The Group 

Managers differed greatly in their responses to the CATs. One 
Group Manager said that the CATs would be more important 
in the shorter term because today’s laws are known, but in a 
longer term the use of functions might change because of law 
changes. Further the Purpose-Related CAT was perceived as 
too distant to the technology to support the roadmap work, and 
the Object-Related CAT was seen as more useful. Another 
Group Manager also saw the use of the Object-Related CAT 
as support of the work with roadmaps, but instead for longer 
terms. Because of the low abstraction level the Object-Related 
CAT was not seen as useful for strategic planning, and the 
Purpose-Related CAT was seen as to general for supporting 
work with roadmaps. One Group Manager did not see the 
CATs as possible support, because the project requirements 
are defined by higher management levels. The forth Group 
Manager saw usefulness of both CATs, but preferred the more 
concrete Object-Related CAT. Higher abstraction levels were 
also seen as useful, but preferably visualized in the AH. 

 
DISCUSSION 

The usefulness of the AH and the CATs in industry 

The results indicate that the AH could for many be a 
useful visualization of relations between the sub-system in 
focus and higher level functions of the system, as well as to 
other sub-systems. Further the results indicate that both CATs 
are useful and have advantages. The Property Owners reported 
that the Purpose-Related CAT was useful especially in long 
term development because it can be assumed to be more stable 
over time and because larger changes to the product takes 
time. The Object-Related CAT was seen by many as even 
more useful because its closer connection to the technical 
systems which makes it easier to interpret. 

Analyses focusing on the Object-Related Processes seem 
to have a more immediate application within the industry, 
because they are more closely constrained and connected to 
the components of the current system. Within the industrial 
context, the affordances of nodes listed on the Object-Related 
Process level (e.g. light, navigation, and theft notification) 
would be enabled through the development of technology by a 
relatively small number of organizational units (the Groups). 
For these groups, the technology to be developed has a clearly 
defined role and application, and these groups typically think 
in terms of improvements in their product. 

However, the affordances of nodes listed on the Purpose-
Related Function level of the AH (e.g. road holding, visual 
observation, and crash protection) are only enabled through 
more integrated work involving multiple organizational units 
that would all be required to make some concessions on their 
own product to afford the Purpose Related Function. 
Therefore changes to technology that affect the object related 
level have vastly different time horizons compared to changes 
that affect the purpose related functions. Analyses on the 
Purpose-Related level are closely connected to the higher level 
purposes and goals within the domain and are therefore more 
interesting for long-horizon development. Therefore it would 
be of interest, and a reasonable future work, to further evaluate 
the use of the Purpose-Related CAT and the higher levels of 
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the AH by interviewing higher level managers (a process that 
has been initiated). 

The results obtained thus far, show that the main 
disadvantages with the models are that they can be hard to 
overview or interpret, especially when more abstract, and that 
they will be outdated because of technical development. One 
Group Managers suggested adding future scenarios to the 
analyses, which could be one way to handle the changing 
environment. Either the CAT or AH could be modeled 
according to an assumed future scenario, or possible future 
scenarios could be evaluated with the AH. The latter could be 
done in a similar way as Burns, Bryant, and Chalmers (2001) 
evaluated an AH with a training scenario, but instead focus on 
how the AH covers the future scenario, and what new 
functions and components would be needed. 

During the interviews the prioritization of data was 
mentioned. Five of the twelve participants mentioned that the 
CAT could be used for prioritization or that a prioritization 
score in the CAT is needed for the model to be useful. This 
could be done according to frequency or when the Functions 
can be used, or by focusing effort on unexpected information. 
Also two Object Owners mentioned the need to prioritize the 
nodes in the AH, and that the AH could be used for 
prioritization – a need investigated and discussed further in 
Bodin & Krupenia (Submitted). 

 
The truncation procedure – did the truncation work? 

It is important to note the importance of domain 
knowledge acquired (at least) during earlier analysis stages in 
completing the truncation process. The truncation must be 
completed wisely, not merely adding the scores. For example 
when setting the Contextual Activity Frequency Score for the 
Activity “Recuperate” (Function) during “Highway driving” 
(Situation) this becomes clear. The Purpose-Related Function 
“Recuperate” has mean-end links to the Object-Related 
Processes “Physiological effects of diet (Eat)” and “Physical 
positioning and support”, modeled in the AH. “Physical 
positioning and support” includes both supporting the drivers’ 
body when lying down and resting (in the bed) and sitting up 
and driving (in the driver seat). Therefore the Activity on the 
Object-Related Processes level “Physical positioning and 
support” during “Highway driving” has the Contextual 
Activity Frequency Score two. But the connection from the 
Object-Related Process “Physical positioning and support” 
and the Purpose-Related Function “Recuperate” are mostly 
referring to supporting the driver to lie down, which are not 
occurring during driving. Therefore this Activity should not 
have the Contextual Activity Frequency Score two on the 
Purpose-Related level. The Purpose-Related Function 
“Recuperate” is also connected to the Object-Related Process 
“Physiological effects of diet (Eat)”, which has the Contextual 
Activity Frequency Score one during “Highway driving” 
because the driver can eat or drink while driving. This 
contributes to the Purpose-Related Function “Recuperate”, and 
therefore the Activity on Purpose-Related level “Recuperate” 
(Function) and “Highway driving” (Situation) achieve the 
Contextual Activity Frequency Score one. 

To answer the question in the section title “did the 
truncation work?” our response is yes, not unreservedly, but 
with conviction. In saying this though we again highlight the 
need for a thorough knowledge of the work domain.  

It seems to be advantageous to collect the CAT data on 
the less abstract level, because the less abstract Functions are 
easier to understand, resulting in less ambiguous 
interpretations and fewer misunderstandings when working 
with system developers, users, and potential users. In the 
current study we considered collecting Contextual Activity 
Frequency data for both the Object- and Purpose-Related 
CAT, to be able to compare the result from the truncation 
procedure to the alternative, two full analyses. This thought 
was discontinued because the nature of the data collection is 
such that the researchers’ interpretations of the participants’ 
answers, and earlier data collections (from the WDA in this 
case), influences the collected data. Therefore it would be 
impossible for the same researcher to collect data for the 
Contextual Activity Frequency Scores on the Purpose-Related 
Functions level, that are independent from the data collected 
on the Object-Related Processes level. Also if another 
researcher collected the other set of data, the comparison 
would be very difficult because any differences in the results 
of the two analyses, may not be due to the difference 
procedures followed, but to other confounds in the data 
collection and analysis process. 

 
CONCLUSION 

Two unique contributions have been delivered. First, a 
method for creating a Purpose-Related CAT from an Object-
Related CAT has been reported. Second, an investigation into 
who, within an industrial organization, could benefit from an 
AH and the two different CAT forms has been reported. 
Developing innovative solutions to the issues raised in the 
current manuscript, should significant enhance the uptake of 
CWA within industrial contexts. 
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2014-007 Ramūnas Gutkovas: Advancing Concurrent System Verification: Type
based approach and tools

2014-006 Per Mattsson: Pulse-modulated Feedback in Mathematical Modeling
and Estimation of Endocrine Systems

Department of Information Technology, Uppsala University, Sweden


