Mediating thoughts and streams of actions.

Complex intuitive interactions
in a skilled worker environment.

Sturla Bakke

Thesis submitted for the degree of Philosophiae Doctor

Department of Informatics
Faculty of Mathematics and Natural Sciences

University of Oslo

July 2018



i



Acknowledgements

First of all, I thank my supervisor, Professor Tone Bratteteig who, without hesita-
tion, accepted to guide me through this rather long and non-linear explorative
process, and back on track when it went astray into the socio-technical wilder-
ness. In addition to the regular way of doing a PhD, this one is the result of our

long conversation, spanning quite some years. Her patience is nothing less than

baffling.

I thank my co-supervisor, Jo Herstad, not only for expanding my views of what
Uls can be, and the rather diverse character of mediated interaction that might
follow, but also his philosophical approach to the somewhat contradictory rela-
tionship between humans and technology altogether, which he generously shared

with me.

Without their careful and patient mentoring and guidance this dissertation

would probably not have seen the light of day.

I must thank the design group at the Department of Informatics, University of
Oslo, for taking me in as one of their own, into the warm and professional shel-

ter. It has been a privilege.

I thank my employer, the former Norwegian School of Information Technology
(NITH), now a part of Kristiania University College, for giving me the oppor-
tunity to do this research, and for providing the financial support, not to mention
the sufficient, and dynamic, amount of time. Their patience, too, is rather

astonishing.

I am indebted to Odfjell Chemical Tankers in Bergen, who generously allowed
me to study the ORCA-project over such a long period of time, and especially
Leif Gunnar Alver and Olav Skintveit who generously and patiently gave me of

their time during the fieldwork sessions.
I thank my research colleagues at the Department of Technology at Kristiania

University College, for valuable input at defining moments during this process. A

special thank you to Lars Sydnes for valuable assistance with the survey data.

iii



Also, I would take this opportunity to thank the many reviewers and discussants
in the community for their time, and comments on papers and paper drafts that,

in various and edited ways, have diffused into this dissertation.

I am very grateful to Victor Kaptelinin for his valuable comments and suggestions
about activity theory and intuitive interaction. The remaining ambiguities, and

unintentional omissions of any sort are purely my own doing.

I spent many years as a graphic designer before I chose to pursue an academic
path. This transition might, for many like-minded, be perceived as somewhat
ambiguous. Having one foot among the practitioners one is not really academic,
and with the other foot in academia, one try theorise about the not so theoretical

«praxis».

I thank my family; my wife, Hege, for her never-ending support and love,
patience and fruitful discussions, while keeping the base camp in order. My son,
Sondre, who, on a regular basis, dragged me out the bubble of insanity, as finish-
ing a PhD-dissertation can be - and luring me into his imaginary world of play
and fantasy, and the occasional game of football, which I usually lost. I cannot
help thinking that he sometimes really did it for my sake, rather than his own,
sensing dad’s need to come out and play. Smart little fellow! I still beat him in an

occasional game of chess, though.

To my mother, Marit Bakke, who proudly knew this day would come, but sadly
passed away before she could experience it herself. I see myself as a rational per-
son. I do believe in science, but I sometimes catch myself thinking that she nods

acknowledging from her spot in the realms of eternity.

Thank you.

Oslo, July 22, 2018
Sturla Bakke

v



Abstract

This thesis explores contextually various aspects of inzsuitive use of user interfaces.
By viewing use-activity as an object in itself, and as such something one might
relate to as familiar, it attempts to situate the understanding of insuitive use
within an activity theoretical framework by leaning on a task and goal based

approach to the human-computer [inter]activity.

The research in this thesis is undertaken in a, controlled, skilled worker environ-
ment, and discusses two aspects of the case study; (1) the comingling of
developers and users during the development process of this narrow, niche soft-
ware where the main use-activity, following the established practice among the
users, is centred around sketching preliminary test solutions, and (2) human use

of the software when it was released.

Based on the literature and the empirical findings, this thesis proposes that intuit-
ive interaction, in addition to the momentary recognition of artefacts, emerges
when a sequence of single operations that make up a compound action, through

a person's practice and skill acquisition, merge into one automated operation.

And that the close proximity between the users and the developers during the
development period may have lead to this system that was immediately usable by
skilled users and easily learnt by novice users, by the minute adherence to the
established practice among the users, where the main task is sketching and testing
preliminary solutions. Thus being designed to treat mistakes and breakdowns as a
source for development rather than something that is unwanted and has to be

avoided.
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Chapter 1 - Introduction

CHAPTER 1.

Introduction

The primary human approach to computing technology is through a user interface.
There is a consensus that graphical user interfaces have made computing technology
more accessible to the general public. To fulfil its task of translating complex tech-
nology into understandable, non-intimidating possibilities for action. Concurring
with the guidelines for usability in user interfaces, a user interface should be easy to
learn, easy to remember, and facilitating ease of use (ISO, 1998; Nielsen, 1993;

Shneiderman et al., 2009).

Regular individuals often refer to ease of use as intuitive, equalling intuitive use to
instinctive use, i.e. immediately knowing what to do, based on a hunch or gut feel-
ing. Among researchers in the field of HCI, on the other hand, intuition is based
on skills, deep knowledge, and experience. This contradictory understanding of the
term ’intuitive’ makes it vague, and problematic since it means different things to
different people. Current research on intuitiveness and intuitive interaction is

presented and discussed in Ch. 3.

The term ‘best practice’ might be regarded as consultancy speech. It is, however,
occasionally used in this thesis as a term representing either what has become a set
of standards and established design patterns within the field of human-computer

interaction and interaction design, or an established practice of work. With the
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introduction of usability thinking in technology development, we see that the con-
ception of user interfaces being tools that should be intuitive to use have gained
wider adoption. Also, the software that was studied in this thesis was designed as a
collection of vocational best practices, including a significant portion of participa-

tion from the user.

The chosen object of study has been the design and use of a vocational information
system for stowage planning of chemical tankers in one of the world’s largest ship-
ping companies within the field of sea transport of chemical liquids. Stowage plan-
ning of chemical tankers is a rather specific vocational niche. It is a highly complex
task, in a highly skilled working environment demanding a strong domain-specific
task competence of the workers involved in doing it. Stowage planning is a dynamic
process, not only because no plans are identical; they may also be continuously

revised, and as such a good candidate for a longitudinal study.

The framework of activity theory has been chosen to explore the relations between
experience and intuitive interaction. Activity theory offers a set of concepts for ana-
lysing human activity, not as a momentary, static doing, frozen in time, but as a
reflected and goal-directed, evolving sequence of mediated activity, developing over
time, in a given context. This thesis utilises these principles in the discussion of
what intuitive interaction can be, and how it might be designed. Activity theory, its

roots, concepts and as a framework for HCI research, is reviewed in ch. 2.

1.1 Human-Computer interaction
During the last couple of decades of human socio-technical context, the number of
computing devices that affect human activities, whether being in contact with the

public through a website, paying bills in an online bank, operating the alarm-sett-
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ing panel in their home, or being at work doing vocation-specific tasks, has
increased considerably. From being a tool for the few, it has become a ubiquitous
aspect of societal practice, to the extent that most human activities are mediated by
a tool that facilitates a multitude of perspectives and approaches regarding flexibility

and contextual awareness.

Human-computer interaction (HCI) is the study of how to design the patterns of
how we mediate our interaction with the special tool of computers. As such, the
field of HCI has grown into a rather broad and diverse discipline in the intersection
of computer science, ergonomics, design, and social and behavioural science
(Rogers, 2012). The amount and level of usage that screen-based media have
reached in current work life and societal practice, where a large and increasing part
of human activity, are conducted through computer-mediated activity, shows that
screen-based user interface artefacts or other computer-related interfaces, increas-
ingly, are being regarded as ‘real’ tools for action. This has led to many approaches
in defining what HCI is. It includes a vast array of interfaces, from, e.g. tangible,
gestural, brain-computer, and screen-based GUI, in both embodied interaction pat-
terns, and interaction with a screen-based user interface, covering most aspects of
human life, where the exposure to the complexity of computers (Norman, 1998)
has reached an ever-increasing number of people who mediate their interaction
with the world through computers and their user interfaces and what the user inter-
faces afford them to do. While originally termed by Gibson (Gibson, 1979) as the
direct perception and action between animals and their environment; an affordance
would, in the current HCI discourse, describe the perceived notion of action pos-
sibilities present in a computer user interface. It would explain how screen artefacts
as symbolic representations in the user interface, based on the perception of similar-
ity with the objects and actions from the real, physical world, are to be used or

operated.



Chapter 1 - Introduction

Until the early "90s, there was no firm agreement of a single, unified theory of HCI
(Hewett, 1992, p. 5); rather a set of underlying principles and best practices that
comprised the underpinnings for an understanding of human-computer interac-
tion, based on cognitive psychology as a multidisciplinary field of both work and
research (Lowgren and Stolterman, 2007). The ACM Special Interest Group on
Computer-Human Interaction (SIGCHI) developed a definition of HCI:

‘Human-computer interaction is a discipline concerned with the design,
evaluation and implementation of interactive computing systems for human
use in a social context, and with the study of major phenomena surrounding
them.’

[The Acm Sigchi Curricula for Human-Computer Interaction

(Hewett, 1992, p. 5)].

In classic HCI theory in the early 80s, utilising a model based on human limita-
tions and capabilities, like e.g. perception, attention span, memory (Card et al.,
1983),the perspective of cognitive science saw the individual as a human informa-
tion processing unit, consisting of three connected systems: perceptual, cognitive
and motor, with their individual memory and processor (Rogers, 2012, p. 25), as a
design guidance for user interfaces. In acknowledging the limitation of the cognit-
ive approach to HCI, the theoretical framework of activity theory is brought into
the discourse by Bedker (1991) in what Kaptelinin and Nardi call ‘Post-cognitivist
HCI: second-wave theories’ (Kaptelinin and Nardi, 2003), as a tool for analysing
actual use, including participation in design, the user interface as mediator, and
expertise as a whole; where the individual is, as Bannon states, not a factor, but an

actor, with needs and objectives.

A principal concept within the HCI discourse, which relates to human-technolo-
gical interactivity in a greater sense than just computer related interaction, is usabil-
ity. It applies to human-artefact activity in general, including work, workflow,

cooperative activity in addition to human organisations as open systems, and the

4
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reciprocal impact computer-based systems and people may have on each other
(Hewett, 1992). As a fundamental concept within the HCI discourse, usability has

gained recognition to the extent that it is settled as part of ISO standard 9241, and

is defined as:

Extent to which a product can be used by specified users to achieve specified
goals with effectiveness, efficiency and satisfaction in a specified context of

use.
Where effectiveness, efficiency and satisfaction are described as:

effectiveness: the accuracy and completeness with which specified users can

achieve specified goals in particular environments

efficiency: the resources expended in relation to the accuracy and complete-

ness of goals achieved

satisfaction: the comfort and acceprability of the work system to its users

and other people affected by its use

(ISO, 1998)

This relates to design processes of all technical artefacts of interactive systems with
the intent of enhancing human-technological interaction (Ghaoui, 2005), which is
reflected, partly overlapping in e.g. Nielsen’s usability heuristics (Nielsen, 1995)" and
Shneidermans golden rules (Shneiderman et al., 2016)%, which presents a set of
main characteristics of human-UTI interaction that help developers in informing the
design of user interfaces, i.e.: A user interface should always, and immediately or as
quick as possible, respond to user input by showing what's currently going on [Vis-

ibility of system status]. Screen artefacts, i.e. icons, terms or concepts should be

1. These heuristics have been published in different versions in a variety of channels of the years, both on the
web, and in several papers.

2. 'The eight golden rules have been published in many variations, both on the web, in papers, and the many
editions of "Designing the User Interface: Strategies for Effective Human-Computer Interaction”. The
version cited here, is taken from section 3.3.4 in the 6th edition (2016).
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familiar, and logic, to the user [Match between system and the real world]. The user
interface should prevent errors from happening, by guiding the user, either by
providing hints on correct procedure or limiting the number of operations to the
ones that are relevant in the given context [Error prevention, Help and documenta-
tion]. The user interface should be consistent and coherent; that e.g. icons, symbols
and terms would have the same meaning throughout the interface [Consistency and
standards]. It should be easy to recognise and recover from mistakes, both by swift
system feedback-alerts not leaving errors unnoticed, and by undo and redo possibil-
ities [User control and freedom, Help users recognize, diagnose, and recover from
errors]. Reduce the cognitive workload by making the screen artefacts in user inter-
face visible and easily accessable [Recognition rather than recall]. These are in them-
selves examples of what would be regarded as 'best practices' within the field of HCI
and interaction design, guiding developers in designing that are effective, efficient,
satisfying, and - intuitive to use, although the focus errors lies within the traditional
view that errors and mistakes should be avoided. Primarily relating to the discourse
of momentary interaction, and is, as such, highly valid, it misses the value of mis-
takes as sources of learning and development, and subsequent competence derived

from development as a source from which intuitive use-activity might emerge.

1.2 Problem area: the perceived character of intuitiveness in human/

user interface activity
There has been an extraordinary lack of a theoretical discourse about the intuitive
human use of computing devices through user interfaces. While a computer, and its
user interface, is something that almost everyone has got a relationship with these
days, it is a paradox that very few would be able to give any precise description of
intuitive interaction with it, if asked. A paradox, due to human use of computing

devices has seen an exponential growth for approximately the last two decades. Or
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is it a paradox? The Oxford English Dictionary defines intuition as “The ability to
understand something instinctively, without the need for conscious reasoning.’,’
which means that the term intuition would mean different things to different
people, and in various contexts. Intuition, then, would be primarily relational, and
unfocused. Also, professionally and academically, intuition as a term has been

described as vague and problematic (Naumann et al., 2007).

However, since the 2000s, there is research literature that discusses evidence- or
experience-based approaches to what constitutes the foundations of intuitive inter-
action in user interfaces. This research has focused on finding precise and objective
criteria for how something, in a socio-technical setting, can be understood as intuit-
ive. Established usability standards and guidelines, (ISO, 1998; Nielsen, 1993;

Shneiderman et al., 2009) refer to being «user-friendly

This thesis will discuss intuitiveness as an aspect of activity, and from an activity
theoretical approach. A central aspect in this framework is the cultural historical

element of the use of tools - mediation (Vygotsky, 1978; Kaptelinin, 2015).

1.3 What is intuitive interaction?

An expression that has gained a foothold among developers and users, is «intuitive».
However, the term might be perceived as imprecise, as it could mean different
things to various groups of people, and in different contexts. These ambiguities have
not been sufficiently debated, and the term has become one of the watchwords that
have slipped into the vernacular and developer communities as something everyone
wants, and that some developers strive to achieve. The problem is, what? And for

whom? When regular users, i.e. ordinary people without any specific experience

3. https://en.oxforddictionaries.com/definition/intuition. | Accessed: April 1. 2017
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with the use of computers, use computers talk about «programs being really intuit-
ive», do they really mean instinctive? That they click and drag on boxes and arrows
instinctively? (Blackler, 2006; Blackler et al., 2011; Blomberg et al., 1996). And how
do they know that boxes and arrows are to be dragged and clicked on? If not being
a learned operation, from being computer literate as a member of a modern culture,

as e.g. discussed by Mohs (2006a).

According to Raskin, in a situation where a user recognises resemblance or some-

thing as identical, "intuition" would be “an almost exact synonym of familiar’ .

Thus, interfaces being perceived as intuitive, depend on whether a person recognises
gp p p g

the user interface elements as familiar (Raskin, 1994).

HCI research has primarily been focused on interaction, thus intuitive interaction, in
a momentary perspective (Kuutti and Bannon, 2014), while the perception of intu-

itveness stems from experience (Blackler et al., 2011) and thus develops over time.

1.4 Research goals

Intuitiveness has been described as a rather vague term in the relatively limited liter-
ature in the field. This may be due to its ambiguous character, which, if it should be
able to have a precise meaning, depends on context. One of the arguments in this
thesis is related to the visual character of abstractions as graphical elements in the
user interface being mediated affordances and situated in a context where the recog-
nition of visual abstractions as a familiar trigger experience-based recollection of an
activity comprising previous operations and activities. This is in part supported by
Hurtienne et al.’s claim regarding Image schemas mainly as mediated affordances

(Hurtienne and Israel, 2007), and Blackler et al.’s main conclusions that the per-
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ceived intuitiveness in performing tasks, stems primarily from previous experience

(Blackler et al., 2011).

In this thesis I will connect intuitive interaction and recognising and remembering
previous activities as the basis for performing use-activities as sequences of tasks, in
an user-explorative approach. The empirical material, gathered from a skilled
worker environment as an activity system, is analysed and discussed by the theoret-
ical frameworks of activity theory and activity theoretical HCI, see literature review,
ch. 2, and the present research on intuitive use of user interfaces, see literature

review ch. 3.

In addition, the empirical material includes findings from the software design and
engineering period, thus, aspects of the possible connection between the design

process and to which extent the interaction was perceived as intuitive, are explored.

1.4.1 Research questions

The main question in this dissertation deals with intuitive interaction, and as such
it must, necessarily, discuss some momentary aspects of interaction, but the choice
of case, namely computer mediated interaction in a skilled worker environment,
opens for a discussion of issues that also include human interaction with a user
interface over time. In a discussion of human intuitive use of user interfaces, where
the distinction between instantaneous interaction and interaction resulting from
development over time, the intuition concept itself would have to include different,
and partly contradictory, approaches to what it means or contains, both in relation
to context, and an experiental knowledge. This thesis explores some possible ele-
ments of perceived intuitive interaction in human use of a computer user interface
as tools in doing targeted work over time. In this thesis I will discuss that process

through the concepts of activity theory, i.e. the human-computer-functional organ
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and its role in the developmental stream of actions in computer-mediated activity.

My first research question is:

1. What is intuitive interaction?

In order to address this question, and how intuitive interaction can be evaluated, we
need to discuss how intuitive interaction might be described and recognised. In the
following parts of the thesis, when 'intuition' or 'intuitiveness' is mentioned
without 'perception’ or 'perceived’ attached, it is still always the perception of
something that is being describe as intuitive, thus on every occasion that interaction
is described as intuitive, it is always the perception of the interaction that is

described as intuitive.

It is not possible to design another person’s user-experience, but for the many devel-
oping communities of socio-technical artefacts, in this thesis, mediating artefacts in
a human-computer interaction context, an important aspect of intuitive interaction

is:

2. How intuitive interaction can be designed?

It is easier to be critical of something that does not work as planned or is a
mediocre solution to task solving and practice when users get blocked or delayed in
performing tasks they are supposed to do than explaining specifically why some-

thing works brilliantly.

In computer-mediated activities, in a skilled worker context, a non-best, problem-
atic, practice could mean that the vocation-specific software does not support estab-
lished work practices. When something does not work as intended, the

troubleshooting will be problem-oriented, in the sense that one can focus on the

10
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areas where the errors occurred. It is possible to pinpoint the exact cause of a why

something did not work.

However, this dissertation presents a best practice case study, and it is significantly
more difficult to pinpoint, among several possible explanations, the one, single
solution, or a set of solutions, that might explain why something works well. In a
best case context, it is necessary to search wide in the sequence of use-activities that
together comprise the task-domain, in order to understand the character of a best

practice, and how, in both content and order, it is composed.

In the case study, the best practice was based on patterns of continuous testing and
probing various solutions, constantly fine-tuning the plans and processes. The case,
presented in ch. 5, applied a ‘best practice’ approach to the design of the new soft-
ware meant to facilitate extended simulation possibilities and letting the operators
access these testing facilities by a user interface mediation that would be either
immediately familiar, similar, or resemble this familiarity or similarity. This meant
that the operators could transfer their domain-specific knowledge and experience;
their acquired ‘best practices’, into operation of the program through a user

interface.

1.5 Thesis structure
This section presents the overview of the thesis. Here, the chapters are described

sequentially.

Chapter 1. Introduction
Perceived intuitive interaction has, for a long time, been a buzzword in the HCI
community. However, among researchers it has been described as vague and

ambiguous, meaning different things to different people, thus becoming a problem-

11
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atic term to use with a kind of certainty. In this first chapter, the research area of

intuitive interaction, its background and research questions are presented.

Chapter 2. Activity Theory

The cognitive science/human-as-information processor-approach dominated the
HCI discourse for many years, until the early nineties, when the Russian socio-cul-
tural psychological framework of activity theory was brought to the west, as agile
and potent analytical tool for analysing human-computer interaction contexts or
computer-mediated activities. This chapter presents a short introduction to activity
theory and a historical overview. The basic concepts and principles of activity the-
ory are presented, followed by its potential as an analytical framework for HCI-

research.

Chapter 3. Intuition

This chapter presents problematic aspects of 'intuition' or 'intuitive use', as being
vague and meaning different things to different people, followed by a description of
its etymological roots and current definition. This is continued by connecting 'intu-
itive' to graphical user interfaces, before presenting the current research (post 2000)
on intuitive interaction. The chapter is concluded with a brief discussion of meta-

phors as representations in user interfaces.

Chapter 4. Method

In order to study the relation between humans and their use of computers through
user interfaces, several methods and techniques are available. In this chapter the
research approach, -strategy and -methods are presented. Non-participant observa-
tion and semi-structured interviews have been the main methods. To supplement
the qualitative data, a small survey directed towards a group of hard-to-reach users:

naval personnel at sea, was undertaken.

12
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Chapter 5- Case - designing the stowage planning software in a shipping
company
In this chapter, the case of design of the new stowage planning software, the com-

pany, and its domain-specific workflow are presented.

Chapter 6. Design, development and participation
In this chapter the design and development process, and the degree of user-particip-

ation, with co-locating the designer-team, is presented.

Chapter 7. Use of ORCA

This chapter analyses and discusses the part of the empirical material that is related
to the use of the ORCA software, by the operators at the company headquarter on
shore and the naval personnel, in their daily work of planning the stowage and
transportation of chemical fluids at sea -utilising the activity theoretical HCI-dis-
course; analysing human activity over time, discussing development and streams of

actions.

Chapter 8. Mediation in ORCA

This chapter analyses and discusses ORCA as a mediating tool. First the ORCA user
interface, and the most frequently used screen elements is presented, with the inter-
action pattern connected to each screen artefact. Followed by a discussion of user
interface familiarity and transparency, in an immediate, momentary approach to
interaction, before relating to the ORCA user interface as a dialectical approach to

handle contradictions.

Chapter 9. Concluding remarks and limitations
The conclusions from the research, together with contributions to theory and

potential implications for practice are presented, followed by a presentation and a

13
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brief discussion of the limitations of the study. Additionally, some possible direc-

tions for further research are described.

The term wuse-activity is used throughout the thesis meaning general human doing
without placing it the hierarchical structure of activity, in order to avoid a possible

mix-up with the activity term connected to the top level in the structure of activity.

14
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Literature

Chapter 2 and 3 sums up the central body of literature of activity theory related to
HCI, and, at the time of writing, the seemingly, main portion of the current
research within the field of inuitive interaction in user interfaces, respectively. First,
the activity theoretical framing with its historical background, and basic concepts,
principles, and structure are presented, before relating it to the HCI discourse.
Then, the most current body of research on intuitive interaction in an HClI-context
since 2000, and the aspect of knowledge in action, including the tacit dimension of

knowledge as a base for intuitive interaction is reviewed.

The work of Aleksei N. Leontiev is extensively referenced in this dissertation. Sev-
eral spellings of his surname are found in the literature, i.e. Leont'ev, Leontyev,
Leontjew, Leontiev and so on. In the text, I consequently use “Leontiev”, but the

referenced literature might use alternative spellings.

15
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Chapter 2 - Activity Theory

CHAPTER 2.
Activity Theory

The concept of activity arising from human [actors] making use of consciously
chosen artefacts is of particular importance, and therefore especially valuable when
exploring human use of technology, as a conscious, purposeful activity (Nardi,

1995b, p. 7; Vygotsky, 1978).

My entrance into activity theory has been through activity theoretical HCI, intro-
duced by Kaptelinin & Nardi (1995b), and Bedker (1991), working backwards
through Leontiev (1978) to Vygotsky (1978) and back again, briefly including

Engestrom (1987), here presenting it historically chronological.

There are several varieties of activity theory. The discussion in this thesis leans
mainly on the approach that was developed by A. N. Leontiev (1975),” based on the
cultural-historical psychology of L. S. Vygotsky (Vygotsky, 1978), and the body of
literature, related to activity theory and HCI, initiated by Boedker (1991) and Ban-
non (1991), with Kuutti’s work on activity theory as a framework for HCI research
(Kuutti, 1995), and underlining of object dependent transformative activity struc-

ture (Kuutti, 1999), in addition to Kaptelinin and Nardi’s foundational activity the-

4. 57, according to Rogers (2008).
5.  English version. Russian version published 1959.
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oretical HCI approach (Kaptelinin and Nardi, 2012a; Kaptelinin and Nardi, 2006;
Nardi, 1995b).

The activity theoretical perspective of interactive action extended the cognitive sci-
ence approach, where a user of software would be regarded merely as a cognitive
information processing unit, which was rather usual within cognitive psychology at
the time. In his much cited paper ‘From human factors to human actors: The role
of psychology and human computer interaction studies in system design’, Liam

Bannon presented a set of possible solutions to these issues. ‘Within the HF (human
factors) approach, the human is often reduced to being another system component with cer-
tain characteristics, such as limited attention span, faulty memory, that need to be factored
into the design equation for the overall human-machine system. This form of piecemeal ana-
lysis of the person as a set of components de-emphasises important issues in work design.
Individual motivation, membership in a community of workers, and the importance of the
setting in determining human action are just some of the issues that are neglected’ [...] 'By
using the term human actors emphasis is placed on the person as an autonomous agent that
has the capacity to regulate and coordinate his or her behaviour, rather than being a passive

element in a human-machine system' (Bannon, 1991, pp. 27-29).

During the last two decades, activity theory has become a growing and central post-
cognitivist approach and concept in HCI research (Bannon, 1991; Bedker, 1991;
Kaptelinin et al., 2003; Kaptelinin and Nardi, 2006; Kuutti, 1995; Nardi, 1995b),
questioning the previous information processing approach, introducing human

needs, agency, thoughts and practice as aspects of human-computer interactivity.

Together with findings from previous research in the field of intuitive action, the
theoretical foundation for the main discussion in this thesis, is situated at the junc-
tion of recent research of intuitive interaction in user interfaces (Blackler et al.,
2011; Blackler and Popovic, 2015; Blackler and Hurtienne, 2007; Blackler et al.,
2005; Berentsen, 2000; Mohs et al., 2006b; Naumann et al., 2008; Mohs et al.,
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2006b; Blackler et al., 2011; Hurtienne and Blessing, 2007), and what has come to
be termed as activity theoretical HCI, where activity theory was established as a the-
oretical framework from which HCI would benefit Badker (1991), Bannon (1991),
and continued by e.g. Nardi and Kaptelinin (Kaptelinin and Nardi, 2012a;
Kaptelinin and Nardi, 2006; Kaptelinin et al., 2003; Nardi, 1995b). As such, the
discussion of one of the most used terms or concepts related to human users of
technology —intuitive interaction—leans on concepts from the activity theory

framework in the analysis of the empirical material.

This chapter is structured as follows: first, a short introduction to activity theory as
a framework for understanding the relation between consciousness and activity is
presented. The introduction is followed by a historical overview, presenting its ori-
gin in Soviet cultural-historical psychology and development into a set of principles
for an understanding of how human cognition and activity are related to context,
and the diffusion from a primarily Russian field of research into the western realm,
and subsequent adoption by other fields of research, in this case, human-computer
interaction. The chapter continues by presenting the basic concepts and central ele-
ments found in the activity theory literature and concludes with presenting the
central body of literature related to activity theory as an approach human-computer

interaction research and practice.

2.1 Activity theory - a short introduction

The cultural-historical theory of activity, CHAT, or simply activity theory, is in the
literature described mainly as a theoretical framework rather than a unified theory.
As such, activity theory has surfaced as a philosophical framework for the study of

human thought and agency, both as individuals and as members of a group (Leon-
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tiev, 1978, pp. 119-120; Engestrom, 1999a, p. 19). Kuutti presents, briefly, activity

theory as:

"Activity theory is a philosophical and cross-disciplinary framework for
studying different forms of human practices as developmental processes,
with both individual and social levels interlinked at the same time" (Kuutti,

1995, p. 25).

The central tenet of activity theory is to understand the unity of consciousness and
activity—in a complex context of motives and activities, goals and actions, tasks and
operations, in a hierarchical structure that guides the way we mediate our interac-
tion with the world (Leontiev, 1978), in an approach that acknowledges and

includes the cultural and contextual aspects of human activity and development

(Vygotsky, 1978).

An important element of activity theory is to understand the concept that activity
emerges from human actors utilising consciously chosen artefacts (Leontiev, 1978;
Vygotsky, 1978). It is, therefore, especially valuable or useful when exploring human
use of technology, i.e. human activity mediated by a computer, as a conscious, pur-

poseful activity (Kuutti, 1995; Nardi, 1995a, p. 7).

The activity theoretical framework is an integrated system of conceptual tools and
theoretical approaches, and provides thus a conceptual model for analysing the rela-

tionship between humans as subjects, and the external world.

Activity theory focuses on practice, which obviates the need to distinguish ‘applied’
from ‘pure’ science—understanding everyday practice in the real world is the very

objective of scientific practice (Nardi, 1995b, p. 7).

Within the HCI research community, Activity Theory gained increased attention in

the early to mid 90s (Bannon, 1991; Badker, 1991; Kuutti, 1995; Nardi, 1995b), and
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has been adopted, not as a fully developed, predictive theory, but as a framework
for comprising the many elements of human activity, i.e. personality, thought pro-
cesses, actions, goals and needs in the study of human practice and behaviour, both
as individuals and as members of a collective. Through a set of principles, activity
theory affords exploring human use of technology, as a conscious, purposeful activ-
ity, through an abstracted or metaphorical tool like i.e. the screen-based graphical
user interface, which constitutes key areas for what is regarded as the fundamental
unit of analysis in activity theory: human activity and its three main characteristics
in being goal- or object-directed, mediated by artefacts, and contextual within soci-
etal practice. In this thesis, activity theory affords the analysis of the elements of a

purposeful, computer mediated human activity, as its unit of analysis.

2.2 Historical overview

The term "activity theory" can, historically, trace its roots to the ideas of human
thought and agency in Activity Theory originate from the cultural historical school
of Soviet psychology in 1920-30s, founded by Lev Vygotsky (1978), and further
developed by A. N. Leontiev (Leontiev, 1978), and A. R. Luria (Luria and Cole,
1978; Luria et al., 1979) as the founding group of researchers, pioneering the
concept of mediation of human activity. Succeedingly developed further by some of
their students (Davydov, 1999b; Zinchenko and Gordon, 1981), and subsequently
introduced to and developed in western psychology, and educatoion and learning
by e.g. Engestrom (1987), Cole (1996) and Wertsch (1998) in addition to the,
already mentioned works of Badker, Kuutti, Bannon, and Kaptelinin and Nardi in

the field of human-computer interaction.

Vygotsky introduced the central concept that human activity originates from hav-

ing an objective and being mediated through tools. Mediation is a dominant theme
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in Vygotsky’s work, and he states that human consciousness is characterised by the
use of psychological tools, like symbols and languages - of cultural-historically con-
ditioned representations, and that our interaction with the real world is indirect and

mediated through societal and culturally constructed tools.

The communication of consciousness can be accomplished only indirectly,
through a mediated path. This path consists in the internal mediation of
thought first by meanings and then by words. Therefore, thought is never
the direct equivalent of word meanings. Meaning mediates thought in its
path to verbal expression. The path from thought to word is indirect and in-
ternally mediated (Vygotsky, 1987, p. 282).

Also, a central element in Vygotsky’s mediation concept, is the reciprocality with
which we relate to tools, e.g. technology, where we are being shaped, and develop as
human beings, by employing what he coined ‘higher psychological functions’ - by
our use of cultural artefacts. This notion of culturally mediated actions would lean
on the principle of internalisation, where external mediation develops into actions
based on internally mediated psychological tools (Kaptelinin and Nardi, 2012a;
Leontiev, 1978; Vygotsky, 1978).

The tool's function is to serve as the conductor of human influence on the
object of activity; it is externally oriented; it must lead to changes in objects.
It is a means by which human external activity is aimed at mastering, and tri-
umphing over, nature. The sign, on the other hand, changes nothing in the
object of a psychological operation. It is a means of internal activity aimed at

mastering oneself; the sign is internally oriented (Vygotsky, 1978, p. 55)

In his universal law of development within the cultural-historical tradition, he states
that we reflect on the employment of technical (physical), functional, and culturally
founded psychological tools, such as e.g. patterns of notation or tutorial schemas.
This mediational triangle structure of behaviour, where the relation between stimu-

lus and response is mediated by tools, is shown in figure 1.
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Figure 1. Vygotsky’s depiction of mediated action, where he introduces ‘sign operations’ and the re-
quirement for an ‘intermediate link between stimulus and response’, establishing the conception of a
‘complex mediated act’ (Vygotsky, 1978, p. 40).

In its most simple original version, the starting point is the activity; an action
undertaken by a human, the subject, towards an object in order to achieve an out-

come, and where the action is mediated by a tool. (figure 2).

Tools
(mediating artefact)

Subject Object

Figure 2. Revised version of Vygotsky’s mediational model of human interaction with the environ-
ment. There exist a number of depictions of this version of the mediational model, with the tool on

top.

The foundational concept of activity theory is the dialectical and developmental
unity of consciousness and activity, which must be perceived as an interaction
between a conscious, enacting subject, and an object, that must be recognised as an

object positively existing in the real world (Vygotsky, 1978).

In addition to this primary concept, there are the following basic principles; object-
orientedness, hierarchical structure of human activities, internalisation-externalisa-

tion, and mediation, on which activity theory is based (Kaptelinin and Nardi,
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2006; Leontyev, 2009; Wertsch, 1981).° Vygotsky did not present his work as activ-
ity theory, but the cultural historical school and activity theory share the views on
consciousness and mediation, with the slight difference in cultural historical direc-
tion focus on mediation by mental artefacts such as language, while activity theory

has emphasised mediation by tools, without being incompatible (Zinchenko, 1995).

Leontiev extended Vygotsky’s individual focus into situating human activities in a
collective context - an activity system, showing the differentiation of individual action

and collective activities through the division of labour (Engestrom, 1999c¢, p. 5).

For an extended period of time it was largely a Soviet ‘phenomenon’, until Vygot-
sky’s and Leontiev’s work was translated into English and introduced to an interna-
tional psychology audience (Luria and Cole, 1978; Luria et al., 1979; Cole, 1990)
and Wertsch (Wertsch, 1981). During the last two decades — the post-cognitivist
period (Kaptelinin and Nardi, 2012a) activity theory has been described and adop-
ted as a useful analytic framework for HCI and interaction design, and human
agency in a human-computer interaction context (Bannon, 1991; Bannon and
Bodker, 1989; Badker, 1991; Kaptelinin, 1996a; Kaptelinin et al., 2003; Kaptelinin
and Nardi, 2006; Kuutti, 1995; Nardi, 1995b).

Vygotskys concept of tool and sign mediation (Vygotsky, 1978), and Leontiev’s
concept of activity (Leont'ev, 1974; Leontyev, 2009) was extended by Engestrom
(1987), in his development of the Scandinavian direction of activity theory, thus,
bringing it, alongside Cole (1988; Cole and Griffin, 1980), and also Wertsch (1981),
into the western realm, primarily in the context of organisational learning.

Engestrom (1987) uses the core ideas from Vygotsky (1978), and further develops

6. A. N. Leontyev, The Development of Mind, 2009 published by Marxists Internet Archive Publications. This
is a reproduction of the Progress Publishers 1981 edition, plus “Activity and Consciousness,” originally

published in “Problems of Dialectical Materialism. Philosophy in the U.S.S.R.” by Progress Publishers, 1977.
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Leontiev’s activity theory framework (Leontyev, 2009), by re-conceptualising our
view on activity - as a system of collective processes, and thereby expanding its
mediational model as an activity system, a model that considers both the cooperat-
ive and shared character of human activity, by utilising concepts such as division of

labour, community and rules, in addition to subject, object and mediating artefacts.

The historical presentations of when and how activity theory originated and evolved
is usually explained as a linear process (Engestrem 1987 in Kapelinin 2012),
developed by Vygotsky, Rubinshtein, Leontiev, Luria and other Russian researchers
(Kaptelinin et al., 1995), before the theory is brought to the West by Engestrem
into other areas, such as organisational learning and pedagogy, and subsequently
moved on with Bedker and Bannon (Bannon and Bedker, 1989; Bannon, 1991;
Bodker, 1991) to the field of human-computer interaction where researchers in the
late 80s had acknowledged the need for a new theoretical framework that not only
discussed human-computer interaction in an information processing approach, but
a theoretical foundation for how to include human needs and activity related to the
context of HCI research and development. This linear presentation, which makes
traversing the activity-theoretical literary landscape slightly less difhicult (but still
not easy) is, according to Kaptelinin (Kaptelinin and Nardi, 2012a), a bit too simpl-
istic regarding the actual development-historical process associated with AT. I have
still chosen this simplistic genealogy since it would make the historical presentation

somewhat easier to follow while not having any decisive impact on the discussion.

2.3 What is activity?
Davydov categorises activities as e.g. productive, developmental, playful, object-
manipulating, and comprise a hierarchy in order of ‘importance’ which he presents

as: work, artistic activity, activity linked moral issues, followed by activities of law,
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with religious activities near the bottom of the list, and lastly: sport (Davydov,

1999a, p. 44).

An activity will arise from something being done by someone for the purpose of
achieving a result of one kind or the other which means that activities differ from
each other by being targeted at various goals, based on different needs and their
accompanying motivation. The successful achievement following the transforming
of an object into a result is the foundation for the entire activity. The principle of
objectiveness is essential in Leontiev’s theory of activity, as he states that an activity
cannot exist without a purpose (Leontyev, 1977, p. 182), and that an activity is
characterised by its duality, that an objective exists, initially, independent of the
activity, subsequently transforming the activity by giving it a specific direction,
reciprocally also transforming the subject in the subject’s process of reflecting on the
idea or notion of the object, but also that the object of an activity may be recogn-
ised by the subject’s motive (Leontiev, 1978). Therefore, human activity is character-
ised both by its objectiveness, and its subjectiveness in that the activity of the sub-
ject must consistently be directed towards the transformation of an objective which

is capable of meeting a specific need. (Leontiev, 1978, p. 12).

The process of transforming an object into an achievement is characterised by being
a dynamic process that forms an ‘ebb and tide’ kind of motion between the subject

and the object. Leontiev describes this as a circular process,

The subject-activity-object transitions develop a kind of circular movement,
so it may seem unimportant which of its elements or moments is taken as
the initial one. But this is by no means movement in a closed circle. The
circle opens, and opens specifically in sensuous practical activity itself. En-
tering into direct contact with objective reality and submitting to it, activity
is modified and enriched; and it is in this enriched form that it is crystallised

in the product.(Leontiev, 1978, pp. 10-11)

26



Chapter 2 - Activity Theory

Leontiev (1978), expanded Vygotsky's work by conceptualising the 'theory of activ-
ity’, and structuring activity as comprised by a need-motive, goals and conditions,
in a hierarchical structure, with the ‘main’ activity and the actions and operations at
three different hierarchical levels that constitute the activity. These three hierarchical
levels consist of 1. motivated activity, 2. goal-directed actions focused on fulfilling
the individual goals of the actions and which will together fulfil the need for the
activity, and 3. the single operations comprising the actions, and which are linked

to the prerequisites for the undertaking of the operations (see chapter 2.4.2).

Human activity consists of actions or a group of actions in sequence, in a conscious
process of achieving or fulfilling the object of the activity. The goal of an activity
encourages the activity itself. Leontiev argues that actions comprising an activity are
connected to the notions of needs and motives (1978). This is also discussed by
Davydov (1983, 1999a), who claims that actions are only connected to needs, and

that this need is based on a desire to fulfil a task:

Actions as integral formations can be connected with nothing but needs
based on desires, and the actions aimed at fulfilling certain tasks stem from
motives. Motives in their tum are specific forms of needs in the case when a
person has set himself a task and is undertaking certain actions to fulfil it.
Thus motives are consistent with actions. Actions are based on motives, and

acting is possible if certain materials or sign and symbol means are available.

(Davydov, 1999a, pp. 42-43)

According to Davydov, an object is not an independent, physical, thing in itself,
but something that a subject acts towards, as a goal or purpose regardless of the
activity being internal as a reflection, or external, following the character of the
motive, that can be both material or conceptual, and as such will facilitate an activ-
ity being able to encompass several approaches in ensuring an object’s ability to
guide the direction of an activity. This may be affective elements i.e. emotions,

needs, will, tasks, plans, means, motives. In a structure with several possible
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approaches, according to Davydov, it will be the need that will be the most import-

ant (Davydov et al., 1983).

In recognition of the importance of the collective aspect of human activity,

Leontiev argues that,

"This first description now, after a quarter century, appears in many ways un-
satisfactory and too abstract. But it is exactly owing to its abstractness that it
can be taken as an initial departure point for further investigations. Up to this
point we were talking about activity in the general collective meaning of that
concept. Actually, however, we always must deal with specific activities...” (Le-
ontiev, 1978, p. 62).

Leontiev argues that activity is a system of hierarchical levels where he distinguishes
between collective activity and individual action, structuring human activity as a
‘division of labour’, as an important aspect in the process of the development of
mental functions (Leontyev, 2009). Davydov discusses this as communicative
action, arguing that communication reveals the cultural and interpersonal relations
in an activity system, and inseparably linked to the activity itself (Davydov, 1999b,
pp. 46-47).

2.4 Basic principles

In this chapter I will present and describe the basic elements of activity theory. I
will present the concepts of object orientation, and point towards the underlying
motivation for the activity, and how the process of human activity is divided and
distributed in a hierarchy of levels, showing how an activity comprises consciously
chosen sub-tasks, which in turn are undertaken by a string of single operations.

These operations are internalised and externalised in a back and forth dialectical
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pattern, mediated by mental and physical tools towards the achievement of a

primary goal.

Activity theory is, rather than an established theory, composed of a collection of
principles that, together, constitutes a conceptual system. An activity is, broadly
speaking, any instance of a subject’s interaction with the world. In activity theory,
this act of interaction is characterised by the subject’s purpose and contextual

motive, and is oriented towards an objective.

Activity theory separates between processes at different levels in a hierarchical order.
An activity consists of a set of actions which are guided at an intended result which,
in turn, are realised through operations (Leontiev, 1978; Kaptelinin and Nardi,
2012a; Kaptelinin, 1996a; Kaptelinin and Nardi, 1997), see figure 3, ‘Leontiev’s

hierarchical structure of activity’, page 35.

Activity theory differentiates between activities in the mind and external activities,
but that the two cannot exist separately. This dual character of activities, i.e. they
have both an internal and external side that are connected, is a crucial aspect of
‘activity’ within activity theory, and central to the principle that actions in the mind

and actions towards the world - internal and external actions - mutually affect us.

The notion of humans making and using tools in order to mediate their interaction
with the world is one of the key principles within activity theory (Vygotsky, 1978).
According to Vygotsky, there are two categories of tools: technical ones and psycho-
logical ones. The purpose of technical tools is to manipulate physical objects, for
instance, a pencil, while psychological tools are used by a person to influence
another person or, reciprocally towards themselves, for example, a note containing a

symbolic or linguistic help of some sort.(Vygotsky, 1987)
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In an HCI research context, activity is a primary theoretical construct (Kaptelinin
and Nardi, 2012a), and represents a relational context in which a [human] subject
(Leontiev, 1978), interacts, physically or cognitively, with an object, positively exist-
ing in the world. This relationship is characterised by the subject’s needs being met
through the subject’s interaction with the world, where the subject’s activity towards

an objective, and world and mutually influence each other (Kaptelinin and Nardi,

2012a).

Also, the relational aspect of the unity of consciousness and activity is a founda-
tional principle of activity theory, where this relation is characterised as being asym-
metrical, where [conscious] subjects possess agency, and have needs, unto which
performing activities are necessary in order for the needs to be fulfilled. It is
through this interaction that consciousness, the human mind, becomes an element

in the activity ‘matrix’.

Building on Wertsch (1981), Kaptelinin and Nardi (20006), identified the main prin-
ciples in activity theory. They are here described in the order presented by

Kaptelinin and Nardi.

2.4.1 Object-orientation

As the object of activity, represents one of the most basic concepts in activity theory,
it plays a vital role in research that is utilising activity theory as the analytical frame-
work. According to Leontiev, the main characteristic of activity is that it has a pur-

pose - an object, and that all activity is object-oriented:

The expression “objectless activity” has no meaning at all. Activity may ap-
pear to be objectless, but the scientific investigation of activity necessarily
demands the discovery of its object. Moreover, the object of activity appears
in two forms: first, in its independent existence, commanding the activity of

the subject, and second, as the mental image of the object, as the product of
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the subject's “detection” of its properties, which is effected by the activity of

the subject and cannot be effected otherwise (Leontyev, 1977, p. 182).

One initial problem of the object-oriented character of activity in activity theory is
its somewhat linguistic lack of a distinct direction - in that the English word activity
does not, in itself, contain or provide any connotation or guidance as to whether an
activity has a certain direction or goal. Also, as stated by e.g. Kuutti (1995) and
Kaptelin (2005), the typical English use of the term activity is too encompassing for
the term to have any direction in itself, and that activity, as in object-oriented activ-
ity, is invariably connected to agency and associated with a transformation process.
The notion of purposeful activity may be better expressed in German by the terms
tatigkeit and handlung, which are closer to the original Russian term deyarelnost.
Likewise, the term object, as the foundation for purposeful activity, can be trans-
lated from the two Russian words objekt and predmet, which have almost the same
and, often interchangeable, meaning. Leontiev (78,81)” in Kaptelinin (Kaptelinin,
2005, p. 6) describes this difference with the meaning of object relating to physical
things existing independently of the mind, while the meaning of the word predmet
would relate to a target or purpose in the mind, in the character of a thought or an
action. Subsequently, Leontiev stated that the object of an activity should be under-
stood as primarily related to “something at which an action is directed”, i.e. the
predmet approach to the term object (Leontiev, 1978; Leontyev, 2009, p. 29),
where activity would be object-related, as in purposeful - predmetnaja dejatelnost

(Kaptelinin, 2005, p. 7).

Human activity is characterised by transforming the object of an activity into a
planned or wanted outcome. The main characteristic of an activity is that it has a

purpose - an object, and that all activity is object-oriented. An ‘object’ in activity

7. 'This book was reproduced in 2009, as The Development of Mind (Leontyev, 2009). Available from Marxist
Internet Archive, Pacifica, CA. (https://www.marxists.org/archive/leontev/works/development-mind. pdf)
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theory relates to the objective of an activity, as a source of motivation and guide in

the process of transforming the object into an outcome (Kuutti, 1995).

According to Leontiev (Leontyev, 1977), the principle of object-orieation is:

The expression “objectless activity” has no meaning at all. Activity may ap-
pear to be objectless, but the scientific investigation of activity necessarily
demands the discovery of its object. Moreover, the object of activity appears
in two forms: first, in its independent existence, commanding the activity of
the subject, and second, as the mental image of the object, as the product of
the subject's “detection” of its properties, which is effected by the activity of

the subject and cannot be effected otherwise (Leontyev, 1977, p. 182).

An activity occurs to satisfy a motive or a human being's objective with the sub-
sequent need to engage in activity. Therefore, the objective of an activity can be
identified through the motive. However, even as the objective of an activity stimu-
lates the activity, it is not given that it leads the direction of the subsequent activit-
ies that may exist within that activity. Therefore, the motive, coming from need,
represents the necessary precondition for an activity to occur. A motive could be
explicit or inexplicit (material or ideal), it can be perceived or imagined. This
explanation highlights the view that there is no such thing as a motiveless activity.
Therefore, "an activity does not exist without a motive; 'non-motivated' activity is
not activity without a motive but activity with a subjectively and objectively hidden
motive," (Leontiev, 1978, pp. 62-63). An activity is therefore driven towards the sat-
isfaction of the motive or need. However, Kaptelinin (2005), claims that this object
relatedness is not without “uncertainties and inconsistencies”, pointing to the char-
acteristics of a lack of separation between the objective of an activity and the motive

of an activity as problematic.

Within activity theory, the relationship between a subject and an object is mediated

by tools. A subject is a living entity with intentions and agency to act upon things
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and objectives, to fulfil its needs or goals, as opposed to other elements within a
particular context, that are, however useful, graspable - physical or cognitively,
without agency. Within this context, the concept of agency points to the capability
of an individual subject to, independently, act upon an object in the world, and
change the context within which the objective is situated. Leontiev describes this

reciprocal process:

In activity an object is transformed into its subjective form or image while at
the same time activity passes into its objective results and products. In this
regard activity emerges as a process that effects a reciprocal transformation
between the subject-object poles. [...] Activity that is internal in form, hav-
ing arisen out of external practical activity, is thus not separated from it and
does not rise above it, but retains its basic, two-way connection with it.(Le-

ont'ev, 1974, pp. 9, 22).

Collectively, the unity of subject and object is part of the framework of activity, as

e.g. defined by Davydov et al. in their analysis of Leontiev’s activity approach:

“[...] human activity is characterized not only by its objectiveness but also
by its subjectiveness: the activity of the subject is always directed toward the
transformation of an object that is able to satisfy some specific need. Activity
brings together in a unity such opposing principles as object and subject.”

(Davydov et al., 1983, p. 32).
Kuutti, focusing on the structure of activity states:

"An activity is a form of doing directed to an object, and activities are distin-
guished from each other according to their objects. Transforming the object
into an outcome motivates the existence of an activity. An object can be a
material thing, but it can also be less tangible (such as a plan) or totally in-
tangible (such as a common idea) as long as it can be shared for manipula-
tion and transformation by the participants of the activity."

(Kuutti, 1995, p. 27).
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Object orientation is a term that has a different meaning within applied computer
science than within the activity theoretical framework. Since [activity theoretical]
human-computer interaction is situated within the computer science discourse, it
would possibly facilitate a good reading experience to clarify that the meaning of
the object in activity theory relates to the objective of an activity, as a source of mot-
ivation and guide in the process of transforming an object into a wanted outcome -
as the purpose of an activity, and not necessarily a physical thing that exists in itself,

as described by e.g. Leontiev (2009), and Davydov (1999a).

In a human approach, most of the objects we are surrounded by, and use, when
working towards achieving a goal, are culturally mediated, either as a thing or its
abstraction - a symbol or, as in an HCI context - a screen element in a user interface
with which humans interact. Also, the character of objectiveness could be an establ-
ished or a priori fact, which means that not only tangible artefacts but also social
and cultural properties can be as real as physical ones, or other kinds of non-disput-
able entities, which means that the character of an object, its colour, temperature or
surface, is both a measurable or perceived quality (Davydov, 1999a; Leontyev, 2009;
Kaptelinin and Nardi, 2012a).

2.4.2 Hierarchical structure of use

Activity is defined by the contextual motive and necessitated by the objective, in the
subject-object interaction, and can be represented as a hierarchical structure (Leon-
tiev, 1978). Activity consists of consciously directed sub-tasks, actions, with goals
representing the result of the action, which is put together by single operations that
are not characterised by conscious direction, or even reflected upon, but are related
to the conditions for the operations. (Leontiev, 1978; Zinchenko and Gordon, 1981;

Kuutti, 1995, p. 30)
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In Leontiev’s three-levelled hierarchical structure, the mid-level is relating to goals
being the objective of actions that, together with other actions, can form a group of
actions, each with their own goals connected to each action in the group. While
actions are the result of conscious doings, they are consisting of single operations, a
part of human activity which may be undertaken in a kind of automatic approach,
due to being situated in context, or dependent on what in activity theory is defined as
a condition. For instance, when reading a book, I don't have to consciously think of
turning the pages in order to continue to read. Unless I have a physical handicap, the
turning of the page is not a goal in itself. Also, I read the book without thinking that I
am technically reading the words on the page. As a literate adult, reading as a single
technical operation in itself is without a goal, but dependent on the conditions in
which it occurs. Can I sit down while reading? Is there a sufficient amount of light, so
I can see the printed words on the page? On top of the hierarchy, we find the primary
task and base for human activity, and that is motivated by an objective [of achieving
an outcome]. The objective of an activity stimulates the activity, but it is not given
that it leads the direction of the subsequent activities that may exist within that activ-
ity. The motive therefore, represents the necessary precondition for an activity to

OocCcur.

Figure 3. Leontiev’s hierarchical structure of activity as continuous reciprocal transformation between
the parts of activity (Davydov et al., 1983, p. 36; Leontiev, 1978; Leontyev, 2009). Depiction derived
from Davydov et al. (Davydov et al., 1983, p. 36), and visually based on fig. 2.3 in Kuutti (Kuutti,
1995, p. 30). We see that an activity is initiated by a motive, and is comprised by a set of actions based
on a conscious direction for each specific action, for which undertaking in turn is dependent on a se-
quence of operations that is not goal-directed, but related to the conditions for the operations.
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As an activity occurs to satisfy a motive or a human being's objective need to
engage in activity, the objective can be identified through the motive. A motive
could be explicit or inexplicit (material or ideal), it can be perceived or imagined.
This explanation highlights the view that there is no such thing as a motiveless
activity. Therefore, "an activity does not exist without a motive; 'nonmotivated'
activity is not activity without a motive but an activity with a subjectively and

objectively hidden motive," (Leontiev, 1978, pp. 62-63).

Human activity exists only as actions or a sequence of actions, and is undertaken as a
consequence of a purpose or a need - an objective towards which all human activities
are directed (Leontiev, 1978). It is the contextual foundation for understanding the
actions, or group of conscious actions that point towards the goals that together with
other actions comprise the activity that leads to the fulfilment of the objective. How-
ever, this structure can change. An activity may lose the motive that generated the
objective (Leontiev, 1978). This may lead to the object of an activity instead becomes
the goal of an action, thus transforming the activity into an action, leading to the bor-
ders between activity and actions becoming fuzzy (Davydov et al., 1983). This is a
bidirectional process; a mutual pattern of transformation, making the different parts
of a use activity structure flexible and mobile, and in a continuous state of change and
development, as a constant, reciprocal relationship between subject and object, where
the subject reflects over, and transforms, the object, and is equally transformed

(Leont'ev, 1974; Davydov et al., 1983, p. 36; Kuutti, 1995, p. 27).

Also, an action may evolve into a separate objective, thus turning into an activity.
An action may also become a resource for reaching a goal, or as a result of skill
acquisition, thus transforming into an operation (Leontiev, 1978, p. 104). This bi-

directionality is further explained by Davydov, Zinchenko, and Talyzina:
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Thus an activity can lose its motive and become an action, and an action can
become an operation when the goal changes, or as a result of user practice.
The motive of some activity may become the goal of an activity, as a result of
which the latter is transformed into some integral activity. Hence, mutual
transformations are constantly taking place: activity 2 action ¥ operation
and motive 2 goal = conditions. The mobility of the constituents of activ-
ity is also manifested in the fact that each of them may become a part of a
unit or, conversely, come to embrace previously relatively independent units
(for example, some acts may be broken down into a series of successive acts,
and, correspondingly, a goal may be broken down into subgoals) (Davydov
etal., 1983, p. 36).

Actions are conscious goal-directed processes that must be undertaken to fulfil the
objective of an activity, made up of a series of singular operations, related to condi-
tion and context, that users, in its sequential character of processing the operations,
and thus influence on the conditions for attaining the goals. (Kaptelinin and Nardi,
2012a; Kuutti, 1995; Leont'ev, 1974). Initially, however, an operation would be the
result of a conscious act: an action, until the subject has gained sufficiently experi-
ence, having internalised it, and no longer needs to reflect on it; thus it would sub-
sequently be transformed into an operation, undertaken unconsciously and auto-
matically, and placed into the sequence of other automated operations. This
“action-operation dynamic” and the increase of sense of utilisation by actions result-
ing from this reciprocal internalisation-externalisation is a typical aspect of human
development (Kuutti, 1995, p. 31). A typical example of this process is, learning to
play an instrument. In order to produce an audible tone, one must concentrate on
putting the fingers in the right place. To produce not only an audible tone, but also
a tone of a certain quality that others would, presumably, enjoy listening to, one
would also have to put the finger in the right place, in the correct way, depending
on the instrument. When playing on a string instrument, e.g. the guitar, a correctly
placed finger, would, in addition, have to press the string with a sufficient amount

of power against the fretboard, and simultaneously, pluck the string with the other
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hand in order to produce a good sounding guitar tone. At a novice level, every one
of these individual operations would be an action. The first goal would be to place
one’s finger in the right place, i.e. play the correct tone. The goal of the next action
could be that the tone should sound good or with a certain amount of sustain. For
an inexperienced novice, all these single operations would be quite complex actions,
that would include intricate coordination involving both arms and hands, and
mental functions. While, assuming all the conditions were set and stable, an experi-
enced musician would, automatically and unconsciously, combine them into a

single smooth operation.

Likewise, changing conditions could alter the foundation for an automated under-
taking of operations, and lead the subject into conscious reflection, transforming
the operation into a conscious action (Kuutti, 1995). In the instrument example
above, a changed condition could be an unplanned change from an electric to an
acoustic setting, forcing the musician, here: a guitar player, to be more aware of
using an increased force in the plucking of strings, and reflect on how much the
plucking style has to be changed in order to reach the goal that everybody should
be able to hear the music. In this example, the automated operation of plucking a
string was transformed into a conscious action, until this new way of plucking
strings would be internalised and fully adapted to the new condition, when it

would transform back into an operation.

2.4.3 Mediation

The principle of mediation is a central concept that human activity originates from
having an objective that is fulfilled by being mediated by the conscious use of tools
as an intermediate link between the subject and object. Mediation is a dominant
theme in Vygotsky’s work, and he states that human consciousness is characterised

by the use of psychological tools, like symbols and languages - of cultural-historic-
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ally conditioned representations, and that our interaction with the real world is

indirect and mediated through societal and culturally constructed tools.

The communication of consciousness can be accomplished only indirectly,
through a mediated path. This path consists in the internal mediation of
thought first by meanings and then by words. Therefore, thought is never
the direct equivalent of word meanings. Meaning mediates thought in its
path to a verbal expression. The path from a thought to a word is indirect

and internally mediated. (Vygotsky, 1987, p. 282).

Also, a central element in Vygotsky’s mediation concept, is the reciprocity with
which we relate to tools, e.g. technology, where we are being shaped, and develop as
human beings, by employing what he coined as ‘higher psychological functions’ -
by our use of socially and culturally mediated artefacts. This notion of socially and
culturally mediated actions would lean on the principle of internalisation, where
external mediation develops into actions based on internally mediated psychological

tools (Vygotsky, 1978; Leontiev, 1978; Kaptelinin and Nardi, 2012a).

The tool's function is to serve as the conductor of human influence on the
object of activity; it is externally oriented; it must lead to changes in objects.
It is a means by which human external activity is aimed at mastering, and
triumphing over, nature. The sign, on the other hand, changes nothing in
the object of a psychological operation. It is a means of internal activity
aimed at mastering oneself; the sign is internally oriented (Vygotsky, 1978,
p. 55)

Kaptelinin et al. argues that activity theory in itself is “built upon the concept of
mediation”, which makes it particularly suitable for HCI “exploration” (Kaptelinin

etal., 1995, p. 190).

Both in societal and organisational life, at work or socially, an increasing part of
human activities is performed through an interface, as a unique and, seemingly,

ubiquitous tool in mediating human interaction with the world. Kaptelinin dis-
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cusses the theoretical implications this would have for the field of HCI, and argues
that it is not the interaction with computers that is the primary goal in itself, lead-
ing it to become what Kaptelinin terms as Computer-Mediated Activity
(Kaptelinin, 1995b). Thus, the notion of mediation is an important concept within
the cultural-historical psychology (Vygotsky, 1978; Leontiev, 1978), as it represents
not only the foundation for all human praxis but also what makes us uniquely
human, also including the comprehension of ‘similarity’ within the process of trans-
forming objects, that would be central in transforming existing knowledge into new

knowledge.

Every aspect of what might be called the successful by the human species - nearly all
human interactivity with the world and everyone and everything in it is culturally
and technically mediated in some form, either by physical objects or signs, or in the
internal plane as language or other symbolic artefacts (Kaptelinin and Nardi, 2012a;
Leontiev, 1978). We can build cities and live in them. We can communicate
without being physically or simultaneously present. We may work towards a target,
by acting indirectly, using either abstract symbols, or by combining actions, that
separately do not lead to the achievement of a goal, but combined, constitute an
activity of a logical and sequential string of actions that lead to the achievement of a
desired goal. The construction and use of tools and language are described as defin-
ing properties of higher mental functions and, therefore uniquely human (Vygot-
sky, 1978; Wertsch, 1991). The distinction of human interacting agency as it unfolds
in all its complexity, societal and technological, the physical and the intangible is
powered by mediation. Leontiev describes this relationship of humans and the
enabling tools that extend human abilities into higher achievements that would not

have been possible without functional organs (Leontyev, 2009).
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Zinchenko (1995), discusses the mediation of a human-tool relationship and
specifically the relationship that arises out of extensive and longitudinal interaction
to such an extent that the activity, the interaction, becomes dissolved into an intuit-
ive singularity; i.e. that the human and the tool melt together through a “master’s
introspection”, and presenting the conception that all elements that comprise the
modern socio-technical contexts and materiality, are contributing to the experien-
tial pattern repository, consisting of both previous actions and their representative
metaphors which we can access and recognise in similar or related artefacts and

their related contexts and recollecting previous praxis.

The special character of the user interface, mediating human interaction with the
world, is versatile in the sense of being able to mediate a multitude of activities,
thus encompassing several relations (Kaptelinin, 1995b; Kaptelinin, 2015), as a tool
into which the user, in the internalisation process, can externalise and distribute
simulation capacity, forming a functional organ, subsequently influencing learning

and development.

2.4.4 Internalisation and externalisation

Internalisation was introduced by Vygotsky as “the internal reconstruction of an
external operation” (Vygotsky, 1978, p. 56), as an intermediate approach to the con-
ceptualisation of the relation between internal and external activity, which previ-
ously had been approached either from a Cartesian point of view, focusing on the
internal mental activity as the sole domain of psychological study, or the contrasting
behaviouristic approach focusing on external behaviour as the only point of depar-

ture in psychological study (Wertsch and Stone, 1985).

nternalisation describes how external elements or activities in the real wor
Internalisat d bes h ternal el t tivit th | 1d
becomes an internal plane, “hosting” the internalised processes (Leontiev, 1978). By

transforming external activities into internal ones, this process provides a possibility

41



Chapter 2 - Activity Theory

to simulate potential interaction with the world in the mind, in the form of consid-
ering various strategies, by mentally, and initially, testing possible actions and opera-
tions - in the mind, making reflections that had not previously been present. Leon-

tiev states:

Internalization is thus not a process by which external activity is transferred
onto a pre-existing inner "plane of consciousness": it is the process by which

the inner plane is formed for the first time.(Leont'ev, 1974, p. 20)

Internal activity, originating from external, physical activity cannot, however, be
separated from this external activity, but is expressed as a constant reciprocal relation
with external activity, where human mental processes develop and redevelop. These
continuous reciprocal processes are possible because both the internal (mental, in
the mind), and the external (practical, physical) activities have fundamentally the
same structure, as there are no boundaries between the internalisation and external-

isation processes (Leont'ev, 1974, pp. 21-22).

This dual character of human activity is also expressed by Cole (1996, pp. 136-137)
who, in his discussion of human activity and the relationship between internal and
external activity, states that human and activity cannot be separated from each
other, since the physical aspect of activity is the externalised form of the person’s

activity in the mind.

Internalisation is presented as a simulation process that takes place in the internal
plane of action, without actually performing them in reality. This internalisation
process - the planning of what is going to be done, why it is needed, the simulation
of how it is going to be done, and the consideration of the potential outcome of the

activity, prior to actually performing an action in the real world (Leont'ev, 1974).
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Leontiev, describing the transition process as going from something physical or

sense-able to a thought or idea, stated that

“Internalization is that transition by which external processes with external
material objects are transformed into processes carried out on the intellectu-
al plane, the plane of consciousness. When this happens, the processes are
subjected to a specific transformation: they are generalized, verbalized, ab-
breviated, and, most importantly, become susceptible of further
development that exceeds the possibility of external activity.”
(Leont'ev, 1974, p. 18).

Davydov et al. (1983, pp. 34-35), and Kuutti (1995), states that human activities are
not fixed or constant as they are included in processes in which skill acquisition
takes place as a consequence of previous actions and operations, and in a constant
reciprocal relation of patterns of internalisation and externalisation, forming new
actions and operations (Leontiev, 1978). This is achievable since both internalisation
and externalisation, according to Davydov et al. essentially have a corresponding

structure (Davydov et al., 1983, pp. 34-35).

”A person's internal activity ‘assimilates the experience of humanity’ in the form in
which it manifests itself in the corresponding external activity (Kuutti, 1995, p. 33)
[...] It means that a person's mental processes acquire a structure necessarily linked
to socio-historically formed means and modes, which are transmitted to him by
other people through teamwork and social intercourse” (Kuutt, 1995, p. 33;

Leont'ev, 1974, p. 19).

The relational aspect of the unity of consciousness and activity is a crucial principle
within activity theory, and reflected in being asymmetrical, where [conscious] sub-
jects possess agency, and having needs, unto which performing activities are neces-
sary in order for the needs to be fulfilled. It is through this interaction that con-

sciousness, the human mind, becomes one with activity, forming meaning.
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Externalisation is the typical unique human ability, transforming activities in the
internal plane into external activities by the help of tools. It could be the sketching
of an idea, jotting down procedures and possibilities, that earlier have been merely a
thought, and employing a mediating artefact, in order to manifest or materialise a
reflection in the internal plane into something visible or physical. Externalisation
could also be a necessary action when conditions change and mental processes in
the internal plane need adjustments, or in need of being communicated to others.
This, resulting in what, in turn, would provide a transformative feedback, as a result
of the operations or actions, is in line with Kuutti’s statement about externalisation
being the mediated fulfilment of an objective, and a process that reciprocally, trans-
form the individual (Kuutti, 1995). This is also reiterated by Kaptelinin and Nardi,
in presenting the internalisation procedure as “a process during which phenomena
external to the subject, both physical and social, become both individual and
internal”, and describe this procedure as a dynamically, bidirectional redistribution
of functional elements with the likely transformation of both the internal and the
external processes, as the individual learns and develops (Kaptelinin and Nardi,

2012a, pp. 16-17).

As the internalisation process relies on the use of cognitive tools such as signs and
language, to comprehend contextual information about a particular activity, the
externalisation process employs both physical and psychological tools. In an
example of the case study, presented in ch. 5, an expert user or super-user external-
ised his previously internalised knowledge about a particular activity, like stowing a
ship, by initiating or deciding on how the new software (psychological tool) should
handle the stowage activity, thus influencing an alteration in the way other employ-

ees carry out that activity.
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2.4.5 Development

The significant increase in human use of digital technologies, renders human activ-
ity increasingly, and exclusively, 'mediated'. The development of skills which is
essential in mediated operations is central to the notion of familiarity, and the per-
ception of intuitiveness based on previous experience, stems from learning in a cul-
ture where everything is mediated, in an approach related to a computer-mediated

communication discourse.

Leaning on Vygotsky (1978), the cultural aspect of human actions, that is, the
knowledge that accumulates from being a member of a culture and the human use
of cultural artefacts that naturally follows; wherein an almost ubiquitous socio-tech-
nical context would include that simple interaction with a computer, utilising a user

interface, could be regarded as basic knowledge.

Also, Leontiev links experience and development by situating the source of internal
activities by practical activity: “inner mental activity derives from practical activity
historically shaped as a result of the formation of human society based on labour
and that these processes are formed anew during ontogenetic development in the

separate individuals of each new generation.” (Leont'ev, 1974, p. 19).

Vygotsky emphasised the importance of using a developmental method to under-
stand human mental functioning, and this applied to mediation in all its forms no
less than any other topic. In this connection, he argued that a hallmark of the rela-
tionship between sign and behaviour, as well as between word and thought, is that

it undergoes a fundamental change (Daniels et al., 2007, p. 186).

Dialectical development
As human use-activities are parts in an overall interacting context, where related

activities might change the conditions in such a way that users, during a working
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process, may experience problems that may cause downtime or a stop in ongoing
activities. Within activity theory this is labelled as contradictions i.e. events that
manifest themselves as complications and mismatches - breakdowns. This kind of
misalignment could be represented by, e.g. not sufficiently trained users or inad-
equate design of interfaces that fail to support the processes of skilled workers intuit-
ive use. As opposed to the traditional (Western) logic that regards contradictions as
indications of problems that have to be solved, activity theory regards contradictions
as options for learning; as problems that have to be overcome in a process that is
dynamically and dialectically developing; transforming use-activities and tools related
to the hierarchical structure, and reciprocally changing cognitive actions on the
internal plane, over time (Vygotsky, 1993, pp. 159-160; Leontiev, 1978; Kaptelinin
and Nardi, 2006; Ilyenkov, 2009). Davydov, referencing on Ilyenkov, states,

II'enkov showed that the ideal is revealed in the human capacity to repro-
duce or re-create a material object resting on a word, a draft, or a model.
The ideal exists in constant intertransitions of the activity elements accord-
ing to the following scheme: object—action-word-action—object. The ideal
is the existence of an object in the phase of its formation, in the subject's

activity manifesting itself as a need and a goal. (Davydov, 1999b, p. 50)

Figure 4. Engestroms expansive cycle of learning, and the relation between internalisation and extern-
alisation during the development process. Engestrdm (1999a, p. 34).
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Engestrom (1987, 1999a), introduced the dialectical relation between internalisation
and externalisation as a long-term perspective on learning as an expansive cycle of
the development of the activity (Engestrom, 1999b, p. 64), starting with an
emphasis on internalisation, exercising for new skills, or changing to new work
methods, e.g. in a context of introducing new software in an organisation, gradu-
ally, through experiencing breakdowns, by reflecting on this character of the actions
comprising an activity, users would become competent and experts while the activ-
ity, with its inherent operations and actions increasingly externalised in the user
interface. This form of learning by expanding, by experiencing breaks in a planned
sequence of actions and overcoming them, leads to an evolutionary kind of devel-
opment that through contradictions, breakdowns and workarounds in a context
where the borders between action and operations are dynamic and flexible, and the
border between actions and activity is blurred (Davydov et al., 1983; Kuutti, 1995),
will contribute to the development of both subject and object. Engestrém states:
“In activity-theoretical terms, activity systems travel through zones of proximal
development, [...] a terrain of constant ambivalence, struggle, and surprise”

(Engestrom, 1999b, p. 90).

Engestrom (1987) uses the core ideas from Vygotsky (1978), and Leontiev (1978),
by re-conceptualising our view on activity - as a collective process, and thereby
expanding its mediational model as an activity system, a model that considers both
the cooperative and shared character of human activity, by utilising concepts such
as division of labour, community and rules, in addition to subject, object and medi-

ating artefacts.
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2.5 Functional organ

”The hope is that, in not too many years, human brains and computing ma-
chines will be coupled together very tightly, and that the resulting partner-
ship will think as no human brain has ever thought and process data in a
way not approached by the information-handling machines we know

today”.

J. C. R Licklider, 1960°

The processes of internalisation and externalisation exist simultaneously and con-
tinuously during human activities, and connected by a mediating tool, forming a
functional organ intended at achieving or fulfilling an objective (Leontyev, 2009;

Kaptelinin, 1995b, p. 51).

The idea of functional organs is a key concept in the context of human-computer
mediated activity, since the computer, within activity theory, is considered, as a
mediating and converging tool capable of incorporating the representation of a
multitude of aspects and elements of the real world, a “special kind of tool”
(Kaptelinin, 1995b, p. 49). The capabilities of the computer as a mediating tool
allow for the distribution of cognition, and through its thus an ability to represent
and simulate other mediating tools. This might also pose a challenge as to how it
would allow a user to internalise real world elements using both physical and men-
tal tools such as the computer itself, and representational symbols and language.
This context would also constitute the foundation for how humans transform men-
tal representation of an activity into an external activity. Thus, in an HCl-related
context a human-computer functional organ would require tool-related competen-
cies, knowing about the tool’s functionality and operating procedures, but also task-

related knowledge about the functional limits, i.e. recognising what would be pos-

8. Man-Computer Symbiosis. IRE Transactions on Human Factors in Electronics, HFE-1 4-11.
(Licklider, 1960)
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sible to achieve, i.e. being dependent on goal and ability to situate the various pos-
sibilities that the functional organ provides into the structure of activity, which
would indicate that internal processes guide functional organs. According to
Kaptelinin, this internal guidance might also be mediated, necessitating the devel-
opment of new internal skills to master the new tool (Kaptelinin, 1996b, pp. 21-22;

Kaptelinin and Nardi, 2006, pp. 64-65).

The activity theoretical concept of internal plane of action is defined by Kaptelinin
as "[...] a concept developed in activity theory that refers to the human ability to
perform manipulations with an internal representation of external objects before
starting actions with these objects in reality” (Kaptelinin, 1995b, p. 51), a process
termed the orientation phase (Leontyev, 2009; Kuutti, 1995). Kaptelinin views the
user interface as an extension of the internal plane of action, and by letting the user
interface become an extension of the internal plane of actions, it becomes a part of
what activity theory describes as a functional organ, introduced by Leontiev (2009),
and described as the necessary combination of human capabilities and external arte-
facts facilitating the accomplishment of goals (Kaptelinin, 1995b). Kaptelinin
defines functional organs as “functionally integrated, goal-oriented configurations
of internal and external resources. External tools support and complement natural
human abilities in building up a more efficient system that can lead to higher

accomplishments” (Kaptelinin, 1995b, p. 50).

Figure 5. Functional organ. The user interface as an extension of the internal plane of action, forming
a human-computer functional organ (Kaptelinin, 1995b, p. 50).
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Another dialectical approach to the relation between subject and tool, as a frame-
work for designers building the mediating tools is presented as The Human-Artifact
model by Bedker and Klokmose (2011). This model calls for a ‘theoretical frame-
work to address the gap between culture, experience, and the practical role of arte-
facts in embodiment and mediation’ (p. 318). The model’s notion of reciprocality
describes how human operations are inscribed into artefacts that gradually trans-
form both humans and artefacts in a dialectical development process, where skills
are acquired, and goals are transformed according to the accumulation of agency,
and provides a framework for theorising around “the dialectics between the whole
of the use of an artifact in relation to activity, and its parts” (Bedker and Klokmose,
2012, p. 101), focusing on action possibilities related to levels in the activity hier-
archy, grounding the analysis from the three perspectives of human activity. The
model is might help designers to inform their work, and shorten the distance to
theory, by focusing on the questions: Why? - as related to the motivation for the
activity, What? - as related to the goal of an action, and How? - as related to the
single operations within a use-activity (Bedker and Klokmose, 2012, p. 100). For
designers occupied by designing “good UX”, the model's focus on the relation
between the user's expectations of interaction possibilities, and what the designers'
intended possibilities of use, i.e. the expectations among tool-competent users
versus the planned use pattern inscribed in the artefact (Bedker and Klokmose,

2012, p. 101).

2.6 Activity theory and human-computer interaction

The ‘human factor’ in HCI analysis was previously process- and task-oriented (Card
et al., 1983), by focusing on people’s interaction with computers, achieving goals
without considering typical human aspects such as an underlying purpose to act, what

the task would mean, or reflections over the potential achievement, i.e. why and how
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they interact, and the context within which they act (Kaptelinin, 2015; Kaptelinin,
1992). 'The cognitive science approach to human-computer interaction, viewing
humans as information processing units had been the foundation of HCI research.
Within the approach of information processing psychology, it would prove difhicult
to guide the design of usefulness, usability and recently, user experience. The activity
theoretical perspective of interactive action extended the cognitive science approach
with its quantitative view of humans, as just a set of attributes, and its opposition to
the vision of humans as thinking, reflecting and participating actors with needs, and

objectives, was discussed by Bannon (1991, pp. 27-29).

The considerations of an activity theoretical approach to HCI grew out of the notion
of a need for analytical tools in the direction of a human activity discourse. During
the last couple of decades the number of computing devices that affect human
activity, whether being in contact with the public through a website, paying bills in
an online bank, operating the alarm-setting panel in their home, or being at work
doing vocation-specific tasks, has increased considerably. The number of contexts in
which humans use screen-based computing devices to mediate both tasks at work and
during leisure, show that the number of functional elements in screen-based user
interfaces acting as mediating tools that represent possibilities for operations and
actions, and in turn activities, has, to a large extent become ubiquitous, in what

Kaptelinin refers to as the age of computer-mediated activity (Kaptelinin, 1995b).

Activity theory was, initially, brought into the human-computer interaction discourse
by Bedker (1991), and Bannon (1991; Bannon and Bedker, 1989). During the last
two decades, activity theory has become a growing and central post-cognitivist
approach and concept in HCI research. The main body of activity theoretical literature,
related to HCI, has continued with important contributions from e.g. Kuutti (1995),
Kaptelinin and Nardi (Kaptelinin, 1995b; Kaptelinin, 1995a; Kaptelinin et al., 2003;
Kaptelinin and Nardi, 2012a; Kaptelinin and Nardi, 2006; Kaptelinin and Nardi,
2018), and Bertelsen (Bertelsen and Bedker, 2003) to name but a few.
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Bodker states that “a computer application, from the user's perspective, is not
something that the user operates on but something that the user operates through on
objects or subjects of interest in the work activity. In other words, human beings
operate through computer applications, as well as other tools, on materials that they

are turning into products with the help of others” (Badker, 1989, p. 173).

However, there are situated contexts where the user interface ceases to be transpar-
ent, e.g. during moments of breakdowns, when the mediating tool becomes visible
during our reflections over the character of the breakdown, and adjustments of the
user interface. Badker discusses three possible, basic instances of human-interface
relations (Bodker, 1991, p. 38): first, when the objective only resides within the
computer artefact. Badker mentions a spread sheet as an example, that in itself has
no direct relation to objects outside the computer, with the argument that a print-
out of the spread sheet would not have the same functionality as the spread sheet in
the computer. Another example could be a 3D object, that in itself would not have
a direct relation to physical objects in the real world other than the visual represent-
ation. A print out would, similar to the spread sheet, not have the same capabilities
as the computer version. Second, when the objective exists in the real world, but is
present exclusively as an activity in the software. Badker discusses the use of a word
processor as an example, where the object is a letter which, at least prior to print
out, exists only within the use activity, mediated by the computer, where it can be
edited. Another example, closer to this thesis, would be ORCA, the software that
has been part of the research. Here the object, a successfully stowed chemical tanker
is a physical object, while the use-activity of stowage planning is only present ‘on
the screen’. The user interface is the mediator between the object of the use-activity
and the object in the real world, and that it is how the user interface relates to the
process of coupling the final object and screen object, i.e. between the object-ori-

ented use-activity on the screen and the physical object which determines the qual-

52



Chapter 2 - Activity Theory

ity of the user interface in this specific constellation. This relation is elaborated in
ch. 7.8 (Mediation in ORCA). According to Bedker, the third type of situation,
occurs when the object exists, physically, outside the artefact but is controlled by
operating the artefact, such as e.g. a control panel (Bodker, 1991, p. 38). An
example of this type of situation is the physical stowage process of a chemical tanker
as it happens when the ship is at the quay. This is done by the maritime staff on
board by manoeuvring physical pumps and pipes. This is done by operating phys-
ical artefacts such as control panels with knobs and levers. However, this part of the
stowage process is outside the scope of analysis in this thesis, and will not be elabor-

ated further.

Within the discourse of information systems and human-computer interaction
research, activity theory is described as a framework that acknowledges several per-
spectives regarding flexibility and contextual awareness. A theoretical framework
that considers whole systems of organisations, work practices, technology and arte-
facts, but also the cognitive capacity of individuals, with all of their culture, history,
experience, understanding and contextual complexity that goes into the tasks we, as
human agents, undertake or must relate to, in our quest to fulfil our needs or reach
our objectives. Thus, it is well suited as a theoretical lens for analysing the character
of activity in a human-computer context as it provides a methodological approach
and the tools for understanding patterns in the context of goal-oriented human use
of technology (Kaptelinin and Nardi, 2012a). It is a framework that recognises the
transformational processes of internalisation and externalisation, and the related
concept of mediation (Vygotsky, 1978; Leontiev, 1978), including the character of
development that is related to internalisation and externalisation connected to
human activity, and in increasing numbers, the process of internalisation and exter-
nalisation that is computer mediated (Kaptelinin, 1995b). Activity theory is espe-

cially suitable as an analytical tool in a human-artefact interaction context since this
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relation is, by definition, always mediated, and therefore is particularly suitable for

HCI “exploration” (Kaptelinin et al., 1995, p. 190).

Wertsch claimed that human-machine systems appear as primarily an extreme ver-
sion of the human-environment interaction term, and that HCI is no more than
one kind of human-environment interaction, where humans interact with mediated
tools rather than other people (Wertsch, 1981, p. ix). However, these reflections
were made ahead of the period where activity theory was brought in as a potential
theoretical framework for HCI (Bedker, 1991; Kuutti, 1995; Nardi, 1995b; Bannon,
1991; Kaptelinin, 1995b). Nardi, says: “We have recognized that technology use is
not a mechanical input-output relation between a person and a machine; a much
richer depiction of the user's situation is needed for design and evaluation” (Nardi,
1995a, p. 8). Kaptelinin would argue that due to the special character of the user
interface as a mediating tool, humans, rather than interacting with the computer,
would interact with the world - and other humans, through it, thus describing
human-computer interaction as being primarily computer-mediated activity

(Kaptelinin, 1995b, pp. 49-50).

In an activity theoretical approach to HCI research, activity is the primary theoret-
ical construct, and represents a relational context in which a [human] subject inter-
acts, physically or mentally, with an object, positively existing in the world (Leon-
tiev, 1978). The notion of context in activity theory provides a room for discussing
human use of user interfaces based on human activity in a specific context that
includes connected aspects, such as a motive, goals, needs and conditions, and also
previous experience and the user’s ability to undertake situated actions. This rela-
tionship is characterised by the subject’s needs being met through the subject’s
interaction with the world, where the subject’s activity towards an objective, and

world and mutually influence each other (Kaptelinin and Nardi, 2012a).
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Focusing of the structure of activity itself, Kuutti explains, “An activity is a form of
doing directed to an object, and activities are distinguished from each other accord-
ing to their objects. Transforming the object into an outcome motivates the exist-
ence of an activity. An object can be a material thing, but it can also be less tan-
gible” (Kuutti, 1999), and describes activity theory in a wider perspective as a philo-
sophical framework endowing a multitude of perspectives in studying human
agency, whether this agency, both procedural or developmental, as individuals or as

members of an organisation or society, underlining the tool approach of mediation

(Kuutti, 1995, p. 25).

These are key elements in the discussion about the activity theoretical structure,
since the theory's ability to absorb various aspects of human agency in a socio-tech-
nical context is formalised through a conceptual framework that must be made
strong enough to encompass both humans and technology within the same concep-
tual models (Kaptelinin, 1995b). The different levels of the hierarchical structure of
activity in activity theory allows for evaluating single elements, or categories of ele-
ments in the structure based on context or perspective, related to the varying goals
of actions, differing associated conditions (Zinchenko, 1981). According to
Kaptelinin, this could affect design choices and strategies for skill acquisition, and
facilitates an understanding of the computer as a mediating tool strongly influenced
by both social and cultural elements, and hence an awareness for technological and

contextual differences, both socially and culturally (Kaptelinin, 1992).

Within an activity theoretical HCI/computer-mediated activity framework, the
unit of analysis regarding intuitive interaction in user interfaces would be focusing
on actions and operations in the interaction context with the user interface, and

how skills and expertise are utilised. All human-computer interactions are mediated
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by the user interface, thus user interface mediation revolves primarily around the

contextual relations between human and computer, on operations and actions level.

As a conceptual framework, activity theory is a valued lens in qualitative approaches
(Fjeld et al., 2002), as it provides a method for finding and analysing patterns of
operations, actions and activities, by its inherent and integrated repository and sys-
tem of terms and language. Activity theory facilitates an understanding of an activ-
ity as a subject’s purposeful interaction with an object through the use of a medi-
ated tool, and, the subsequent transformation and development that emerges on the
various levels of activity, action and operations, from the interaction

(Leontiev, 1978).

2.7 Affordances in activity theory

Mediated affordances in the user interface explain how the user interface artefacts
are to be used or operated. This proposes the concept of a, per-element, ‘user guide’
as an inherent part of the user interface, and not solely as possibilities for action

that lie in every object.

Kaptelinin and Nardi’s concept of handling affordances and effecter affordances,
where they split the affordance concept into affordances that facilitate possibilities
for handling with the technology—namely handling affordances, and effecter afford-
ances that specifies possibilities for acting o7 the technology, which combined will
facilitate the possibility of acting through, (Kaptelinin and Nardi, 2012a) shows that
functional user interface artefacts ought to be regarded as more than just ‘symbolic
communication’, i.e. as mediated affordances. Mediated affordances are artefacts that
afford, not only motivated [inter]action. According to Kaptelinin and Nardi’s discus-

sion of handling affordances, mediated affordances also encompass a how-to func-
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tionality, through mediated abstractions in a user interface, following their concept
of learning affordances (Kaptelinin and Nardi, 2012b), which creates an immediate

understanding in performing tasks through ‘abstracted tools’ in the user interface.

While Barentsen and Trettvig (2002) focus on a general activity theoretical
approach to affordances, the approach of Nardi (1995a), Kaptelinin and Nardi
(Kaptelinin and Nardi, 2012b), and Kuutti (Kuutti, 1995) is centred around the
various diversities and incompatibilities regarding the use of the affordance concept
within the HCI discourse. They do this by pinpointing the main limitation in
Gibson’s framework in an HCI context, stating that ‘it lacks an appropriate concep-
tual apparatus for understanding technologies as a special type of object, that is,

tools mediating human interaction with the environment’.

Affordances are not objects in themselves, but represent, through the visual charac-
ter of the objects, instructions on how the objects are to be used. Again, a central
aspect of user interface elements is use. If an affordance represents an instruction for
use, it must also be an element in facilitating intuitive use of user interfaces. This
must be situated in a goal directed, human activity centred, vocational context. This
is also supported by Bedker who states that, “The user interface cannot be seen
independently of the goal or object, or of the other conditions of the use activity’
(Bodker, 1991, p. 141). This supports the argument of a task- or activity-based

understanding of what constitutes intuitive use of user interface elements.

We might regard all interfaces, analogue and physical as well as digital, as some
kind of mediating tool through which people might perform work or communicat-
ive activity. A screen-based user interface can, then, be regarded as a framework for

mediation; a mediated whole, in which to situate functional elements and the
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adhering affordances that might be linked to them in order to give the user the pos-

sibility, or sense, of immediate understanding.

Leontiev describes this inscription of behaviour as crystallisation, and argues that
artefacts are crystallisations of modes, methods and operations of use, and not activ-
ity and goals (Leont'ev, 1974, p. 26; Leontiev, 1978, p. 102), bearing a certain
resemblance to the notion of ‘affordances’ (2002; Gaver, 1991; Gibson, 1977;
Kaptelinin and Nardi, 2012b; McGrenere and Ho, 2000; Norman, 1999).

Just as our world evolves, the terms we use to describe it should evolve with it. In
the networked and digital modernity that most of us live in, screen-based user
interfaces are ubiquitous. They have become a natural and almost transparent part
of both our private and professional life. Therefore, leaning on, e.g. Kaptelinin and
Nardi (2012b), and Gaver’s non-static sequential affordances (Gaver, 1991),
observing that also screen representations like buttons, sliders, metaphors or
abstractions of real-world objects, represent affordances as well. A button affords
clicking. A slider affords sliding. Even as elements on a screen, mediated as they are,
they afford goal-directed use-activity—actions. They are what Kaptelinin and Nardi
coin as mediated affordances (Kaptelinin and Nardi, 2012b). This is also supported
by McGrenere and Ho, who argue that a screen element that affords acting upon is

‘an affordance that is built into the software’ (McGrenere and Ho, 2000, p. 6).

2.8 Chapter Summary

In this chapter I have presented activity theory, its historical roots and central ten-
ets. I have described its basic principles, with the concepts of object orientation,
pointing towards the underlying motivation for the activity, and how the process of

human activity is divided and distributed in a hierarchy of levels, showing how an
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activity consists of actions—consciously chosen sub-tasks, which in turn are under-
taken by a string of single operations, tasks that could be undertaken uncon-
sciously; mediated by mental and physical tools towards the achievement of a
primary goal. Also, the notion of functional organs, that within the context of com-
puter-mediated activity is a key concept, is presented, followed by a review of a core

collection of the literature within activity theoretical HCI.
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CHAPTER 3.

Intuition

Within the HCI and IxD field, intuition or intuitive use as terms, have been viewed
as professionally and academically problematic, and with a reduced epistemological
awareness of its use among practitioners. With some exceptions (Barentsen, 2000;
Hummels et al., 1997), research prior to the early 2000s, was scarce, even as
researchers became increasingly aware of the rising numbers of computers and the

expanding areas into which computing powers played a crucial part.

There are some rather paradoxical aspects of the notion of intuition in that it has
played such an important role in human thought and reflections about the charac-
ter of knowledge throughout history. Already Plato and Aristotle describe intuition
as knowledge residing in ‘the eye of the soul’ (omma tés psuchés) (Heidegger, 1988,
p. 109), and Plato, in “The Republic’, states that intuition is a foundational ability

of the human mind to grasp the inner, pure, character of reality (Plato, 1969).

In Descartes’s writing about intuition, the meaning of intuition is referred to as a
source of truth or something that is apparently true (Fishbein, 1987) that define the

view of intuition as a form of intellectual perception towards the modern era.

It appears to be that there are more eclectic views than proper consensus among the

researchers in the field, of what intuition is (Hoffman, 1992) in (Shanteau, 1992),
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although it might seem, that an approach where it is regarded as based on experi-
ence, learned skills, and expertise, rather than hunches, gut feeling, and magical
unlearned ‘knowledge by heart’, is claiming precedence; however, with a large num-

ber of definitions.

Following Bastick (1982), who presents intuition as ‘universal experience’ it is not,
perhaps, unnatural that the term intuition is being used in several contexts, which
renders it rather ambiguous, or even contradictory of what researchers in the field

possibly would recognise or define as intuitive.

3.1 Some etymological elements

Etymologically, the term intuition stems from around mid-1500. In the Merriam-
Webster Dictionary, it is stated that the word stems from Middle English, inzycyon,
(denoting spiritual insight or immediate spiritual communication): from Late Latin,

intuitio a contemplation, from Latin intuéri to gaze upon, from tuéri to look at’’

An excerpt from the collection of current synonyms for intuition, collected from
Roget’s online thesaurus (3 ed.), thesaurus.com, lists some of the terms: ‘hunch,
. . . . .. . . > 10

instinct, feeling, perception, premonition, gut reaction, innate knowledge’.” Mostly
related to the lay people’s perception of the term, being ‘just knowing’ without
proof, or prior skill or expertise. Adding to this understanding of the word, the

terms of knowledge, reasoning and reason are described as antonyms.

However, in the current literature on intuition in an HCI context, intuitive use is

empirically shown to be closely related to experience and familiarity (Blackler and

9. intuition. Dictionary.com. Collins English Dictionary - Complete & Unabridged 10th Edition.
HarperCollins Publishers. http://dictionary.reference.com/browse/intuition (accessed: October 17, 2014).

10. http://www.thesaurus.com/browse/intuition?s=t. | Accessed: October 17, 2014.
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Popovic, 2015; Blackler et al., 2011; Hurtienne et al., 2008; Mohs et al., 2006a;
Raskin, 1994). A selection of current synonyms for experience could be: ‘skill,
knowledge, training, maturity, practice, understanding, wisdom, familiarity™ to

name but a few.

In most of the current research on intuitive use of user interfaces, there is little con-
nection with what, according to Roget’s Thesaurus, is perceived as intuitive, i.e. the
meaning that has gradually inhabited the intuition term, and the content of what
the researchers in the field, according to the literature, regard as the correct inter-
pretation of ‘intuition’, namely experience, leading to an ‘etymological’ disconnec-

tion between researchers and regular individuals.

Bunge states that there are few words as ambiguous as intuition (Bunge, 1962), and
claims that the unqualified use of the term intuition was delusive to such an extent
that an exclusion from the dictionary was proposed, and that the reason for not
going through with such a grave procedure was probably because of its impractical-
ity, precisely because of the word’s assimilation into the everyday speech to such an
extent that one only had been forced to introduce a host of new concepts to replace
it. Bunge (1962) describes the duality that the term of intuition originally com-
prised, namely the philosophical discourse or context and the scientific discourse
and context, which, in the philosophical discourse, has evolved into what has
become its meaning in the modern vernacular: immediate knowledge without qual-
ification as a faculty of the human mind, an understanding of the term intuition
that is elusively reflected in current dictionaries, like e.g. Oxford English Dictionary
which defines intuition as “The ability to understand something instinctively,
without the need for conscious reasoning.” while within the [non-philosophical]

science discourse another approach has been developed, one where intuition may be

11. http://www.thesaurus.com/browse/experience?s=t | Accessed: October 17, 2014.
12.  hteps://en.oxforddictionaries.com/definition/intuition. Accessed. October 17, 2014
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the result of meticulously accumulated, and tested, knowledge (Bastick, 1982;

Bunge, 1962).

Encyclopedia Britannica states that

‘intuition, in philosophy, is “the power of obtaining knowledge that cannot
be acquired either by inference or observation, by reason or experience”. As
such, intuition is thought of as an original, independent source of know-
ledge, since it is designed to account for just those kinds of knowledge that
other sources do not provide. [...] Two further technical senses of intuition
maybe briefly mentioned. One, deriving from Immanuel Kant, is that in
which it is understood as referring to the source of all knowledge of matters
of fact not based on, or capable of being supported by, observation. The oth-
er is the sense attached to the word by Benedict Spinoza and by Henri
Bergson, in which it refers to a supposedly concrete knowledge of the world
as an interconnected whole, as contrasted with the piecemeal, “abstract”

knowledge obtained by science and observation."”

The current daily speech of intuition as knowledge without previous reason and
experience, has been regarded as the ‘magical’ sense of knowing ‘by heart’ rather
than mind, it has been a source of many discussions within philosophy and the

philosophy of science.

3.2 Intuition: pre-HCI research

Richman, Gobet, Staszewski, and Simon (1996, p. 180) claim that ‘intuition is syn-
onymous with the familiar process of recognition’, while Herbert Simon conceded
that intuition would also be similar to pattern recognition. In de Groot’s well-
known chess player case study (de Groot, 1978), it was explained that chess players’

approach to the game of playing chess was based on their ability to recognise previ-

13. Encyclopedia Britannica, fifteenth edition, 1998. Micropaedia vol. 6, pp. 360-361.
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ous positions and how these positions were played; better players would be capable
of recognising more patterns than inexperienced players, thus being able to play
moves and positions quick and without having to analyse every step (Simon, 1955).
Simon’s approach to familiarity as pattern recognition, which he called chunks, was,
however, criticised by Dreyfus and Dreyfus (1986, pp. 33-34) for being assessed as
single ‘chunk’ patterns, defined independently, and detached from the totality of
comprehensive positions and the sequentiality of related moves which, according to
Dreyfus and Dreyfus, would pose a problem since most chess positions would com-
prise more than one chunk, as several possible moves and patterns would lay inher-

ent in a position.

There are two distinct directions in the multifaceted realm of literature on intuition
and expertise within the psychology and cognitive science discourse. Meehl’s com-
parative meta-study on forecasts made by clinical psychologists compared to predic-
tions based on statistical models (Kahneman and Klein, 2009, p. 517; Meehl,
1954), inspired by the ‘heuristics and biases-approach (HB) by Tversky and Kahne-
man, where they claim that intuitive decisions are based on pseudo-algorithmic
logic (heuristics) and subsequent cognitive bias (Kahneman and Tversky, 1982;
Tversky and Kahneman, 1974). The HB approach is less favourable towards expert
judgements. The HB community is more focused on people making mistakes, and
the cognitive limitations of man. Instead they are quantitatively focusing on per-
formance based on rules and formal models. From the HB perspective, it is expec-
ted that decisions based on forms and algorithms will outdo experts making

informal ad hoc decisions based on experiential patterns.

This perspective is contrasted by the ‘naturalistic decision-making-approach
(NDM) by Klein (1999) which emerged from the work by de Groot on chess mas-
ter’s intuitive decision-making (de Groot, 1978). This work presents intuitive action

as the result of experienced-based decisions made under changing ad hoc circum-
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stances thus becoming a flow of actions and reactions in a dynamic real-time sett-
ing. Concurring with Simon, he presents pattern recognition as an explanation to
how people can make decisions seemingly without a prior rational analysis (Klein,
2003). Klein’s approach to intuition is based on human judgement and expertise at
work; naturalistic decision-making, in which he describes the process of how users
construct a what-if simulation, similar to the internalisation process we find in
activity theory, in order to explain how something might happen, as ‘simulation
heuristics’, but based on experience and ‘natural decision-making’ (Klein, 1999).
Klein states that this also provides a base and structure for solving similar, but not

entirely familiar, tasks (Klein, 1999).

Additionally, these two different approaches differ in the view on research contexts:
field settings vs. laboratory settings for decision-making and performance standards,
where the experiment approach preferred by the HB community would endorse the
laboratory as a research context, whereas the overall, qualitative methods approach
preferred by the NDM community, such as e.g. real world observations, would

endorse field studies (Kahneman and Klein, 2009).

Also Bowers et al. (1990), leaning on Dreyfus and Dreyfus (1986) state that their
‘model of intuition implies the role of memory and experience in judgement and
problem solving’, suggesting that clues and hints in a user interface could activate
knowledge structures in memory, guiding the user towards an implicit solution that
would be recognised as a preliminary perception of coherence, a hunch or preced-
ing notion, that would otherwise, e.g. without the mediated screen elements and
functional trigger elements, not have been recognised. Bowers et al. state that this
must not be misinterpreted as what they coin as ‘indivisible and unmediated appre-

hension of an elemental truth’ (Bowers et al., 1990, p. 74), a view on intuition that
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ordinary people, as we will see, look upon as instinctive, natural or unlearned

(Cappon, 1994).

Instead, the approach by Bowers et al. presents intuition as having two stages; first a
guiding stage—the implicit perception of coherence, directing thoughts, through act-
ivating a network of recollection processes towards an explicit understanding within
a context, and; second, the integrative stage that involves merging this representation
of coherence into the consciousness, across what Bowers et al. call a ‘threshold of
awareness’, and state that this transition, from the guiding to the integrative state, is
often perceived as becoming knowledgeable in an almost non-rational, self-validat-
ing way, thus considering intuition as informed judgement in the context of discov-

ery (Bowers et al., 1990, pp. 73-75).

Most of the literature, ontologically and epistemologically related to this thesis, is
focused on intuition as an individual experience, and presents intuition as ‘arriving at
decisions or conclusions without explicit or conscious processes of reasoned thinking’
(Gregory and Zangwill, 1987, p. 389). Kahneman and Tversky details the use of
terms ‘intuition’ and ‘intuitive’ connected to activity into three different areas of
meaning; divided on (1) knowledge is called intuitive if it is reached by an informal
and unstructured mode of reasoning, without the use of analytic methods or deliber-
ate calculation, (2) a rule or a fact of nature is called intuitive if it is compatible with
our ‘civilian, non-expert’ model of the world and (3), a rule or a procedure can be
said to be a part of our repertoire of intuitions when we apply the rule or follow the
procedure in our normal conduct (Kahneman and Tversky, 1982, pp. 124-125).
Here, there are different contextual meanings for the use of the concepts intuition or
intuitive interaction, where the main distinction is activity/non-activity. While

Kahneman and Tversky, in their rather quantitative approach to expert behaviour,
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are not particularly concerned about relating expertise to intuitive behaviour, Klein

claims that intuitive action is based on experience and expertise.

3.3 Early works on graphical user interfaces

Intuitiveness in user interfaces has been something users have been craving for, and
designers strived to develop almost since the invention of the graphical user inter-
face; from Engelbart’s work on the oN Line System (NLS) and the augmentation
project (Engelbart, 1962), Ivan Sutherland’s seminal work on Sketchpad (Suther-
land, 1963), Alan Kay’s early work on FLEX and Smalltalk, and later when the
Xerox Alto, and subsequently Xerox Star was developed and built by Xerox PARC
(Kay, 2001). When this emancipatory approach to human-computer interaction
was later commercialised by Apple, first with the Apple Lisa and later the Macin-
tosh (Levy, 1995), the demand from the public, for easy-to-use computing techno-
logy increased, and has continued to do so. The public’s access to computing power
surged by the change of the human-computer user interface, from the command
line to the visual point and click WIMP paradigm, i.e. the graphical interface. In
Scandinavia, the emerging vision of the democratisation of computing power, espe-
cially with the introduction of new technologies in the workplace, lead to the parti-
cipatory design strand within Information Systems research, where workers as users,

who were to use the technology, should also be involved in developing it.

3.4 The novice-expert continuum
To resolve the characteristics of what constitutes an expert, Shanteau (1992) states
that the decision of who is an expert, should be turned over to their peers within

the domain; and defines an expert as: ‘Experts are operationally defined as those
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who have been recognized within their profession as having the necessary skills and
abilities to perform at the highest level’ (Shanteau, 1992, p. 255), thus ensuring that
the vocational competence is categorised and situated correctly in the skill acquisi-

tion continuum.

The novice user is identified by a strict following of rules, with a rather rudimentary
situational perception, and without the capability to relate to situational adjust-
ments. The competent user is able to handle tension and complexity, and is capable
of evaluating actions as part of, or appropriate, within a larger context while adher-
ing to a set of standards or routines regarding processes. The expert practitioner, no
longer relies on regulations and guidelines, and maintains an intuitive approach to
work processes based on experience and tacit knowledge, only employing an ana-
lytic approach in extraordinary or problematic situations (Dreyfus and Dreytus,

1986).

Popovic (2000) explores, using [think aloud] protocol analysis, the varying compet-
ences between beginners and experts by relating the interaction with technical
devices to cognitive and ontological categories in addition to categories of how
knowledge is represented. Popovic (2000, 2003) describes a set of features connec-

ted to the models of, and the transition process from experts to novices:

* General Knowledge (GK), knowledge level of a novice; emerging from general

learning and experience which appears to be a set of general skills acquired
through generic choices and actions, to which something all regular people, or
users, will be able to relate; without any specific education or experience. It is,
however, required in order to acquire what Popovic calls domain-specific know-

ledge and become an expert.
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Domain Specific Knowledge (DSK), specific, vocational knowledge in a particu-

lar field. A novice, typically needs, and learns from, externalised, knowledge in
order to do tasks and develop into an expert. This category of, specifically learnt,
knowledge is important for a persistent successful solving of task assignments,

and thus for the process of transforming from novice to expert.

Task Experience and Expertise (TE), experience which ensures that an expert in

the domain uses his knowledge in a more efficient manner than novices [Kolod-
ner (1983) in Popovic (2000)] and would analyse potential problems at a deep
association level [Chi et al.(2009) in Popovic(2000)], thus being able to better

assess the relevant procedures for performing a task.

Task Execution (TEX), which is described as a task or sub-task completion

outcome.

Transition (T), the transformation moment, when users make changes between
their thoughts, or protocol categories or knowledge categories. It occurs in the
particular problem space in which the processing takes place, thus acting as a

processor, where the development from novice to expert emerges.
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The transformation from being a novice and a level of general knowledge, to
becoming an expert, occurs by gaining domain-specific knowledge, and task experi-

ence and expertise:

Novice Transition Expert
General Knowledge > General Knowledge
> + Domain-Specific
Knowledge
>
+ Task Experience and
Expertise

Table 1: Knowledge levels. Features of the knowledge levels for novices and experts. Excerpted from
(Popovic, 2000, p. 935).

At various points during this transition process from being a novice to becoming an
expert, knowledge changes from being recently gained and new to becoming previ-
ous knowledge and experience, thus becoming a part of the domain-specific know-

ledge base (Popovic, 2000; Popovic, 2003; Simon, 1955).

Herbert Simon, in comparing the performance of highly skilled individuals to the
performance of novices, claims that domain-specific knowledge is adamant in order
to build expertise, and that this knowledge is built and resides within a knowledge
repository (Simon, 1955), upon from which an individual can draw. Glaser states
that, “The performances of highly competent individuals indicate the possession of,
rapid access to, and efficient utilization of an organized body of conceptual and
procedural knowledge; [...] a major component of expertise is the possession of this

knowledge’ (Glaser, 1987, p. 82).

By also pinpointing the knowledge source, Mohs et al. (2006a) describe the sources

in a novice-expert continuum going from: innate, sense experience, cultural,
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expertise, to the use of tools; recognising the closer we approach the tool plane, the

more domain-specific the knowledge will become, as shown in figure 7, p. 72.

Dreyfus and Dreyfus’ framework was developed as an argumentative element in the
discussions of the limits of artificial intelligence and was not constructed as a gen-
eral learning model as such. This framework was based on ‘the dynamic processes of
human skill acquisition’ (Dreyfus and Dreyfus, 1986, p. 19). Their skill acquisition
matrix, shown in table 2, describing the various levels of competence that comprise

the process of going from novice to expert.

Figure 6. The Five Stages of Skill Acquisition framework by Dreyfus and Dreyfus (1986, p. 50).
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Figure 7. Expert-novice continuum. Levels of prior knowledge in the expert-novice continuum de-
rived from Mohs et al. (2006a, p. 131), adapted by including the feature categories by Popovic (2000),
shown in table 1, p. 71, adding Simon’s notions of knowledge pattern repository (Simon, 1955), not
taking into account that various conditions and degrees of specialisation in Mohs et al.’s ‘continuum’
might overlap in the transition process from novice to expert.
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A resulting difference among practitioners according to the level of experience,
described by e.g. Popovic (2000)(2000), Mohs et al.(2006a) and Shanteau (1992),
is exemplified by e.g. Swann’s study of airport security screeners (2014), where find-
ings showed that experienced screeners, experts, interacted with interface function-
ality more efficient. They solved occurring problems more effectively than the
screeners without the same level of knowledge who, with the help of functional user
interface screen elements, would employ a trial-and-error approach that would res-
ult in inefficient problem solving and breakdown in the interaction with the screen-

ing system.

Dreyfus and Dreyfus (1986) characterise the novice as a user strictly following exter-
nalised information such as rules and regulations, with a limited perception of the
operational possibilities in a context, and with an additional weak awareness of the
need for situational adjustments. The competent user is capable of coping with com-
plexity and pressure, and is also able to assess operations and actions as part of an
overall solving of a task, or as suitable or appropriate within a larger conceptual
context, while employing a set of procedural standards or routines. The experz, how-
ever, is no longer dependent on rules and guidelines, and can rest in the security
inherent in having acquired skills and tacit knowledge; what Popovic calls domain-
specific expertise (Popovic, 2000), and knowledge to use tools in an expert-like
approach in situated circumstances, only employing an analytic approach in
extraordinary or problematic situations. According to Dreyfus and Dreyfus, travers-
ing the levels in the skill acquisition matrix, starting from level 1 reaching level 5,
involves an accumulation of knowledge, thus, leading to expert-like skills being
described as accumulated experience (Dreyfus and Dreyfus, 1986). This paradoxically
provides the necessary platform from which to reflect, since Dreyfus and Dreyfus
claim that experts employing intuitive action cannot really explain why, and some-

times not even how, they do what they do.

73



Chapter 3 - Intuition

3.5 Research on intuitive interaction after 2000s

Intuitive or intuitive use is a widely used, perhaps overused, term in the field of
human-computer interaction; in relation to most socio-technical artefacts involving
human use in a human-computer interaction context, be it either regular software,
information systems, web-based systems that have some socio-technological con-
nection or relevance, or tangible user interfaces. In daily life, where we often
employ this term as ‘quick and easy understanding’, or ‘immediate apprehension or
cognition’. In everyday life, then, intuition is encompassed by the sense of ‘just
knowing’ without a rationale or previous experience or knowledge, as in instinct-
ively, i.e. some kind of non-rational gut feeling; e.g. something along the lines of
the definition of ‘a natural ability or power that makes it possible to know some-
thing without any proof or evidence, a feeling that guides a person to act a certain
way without fully understanding why, and something that is known or understood

without proof or evidence’, found in e.g. Merriam-Webster, see ch. 3.1.

The body of scientific literature on intuitiveness within the HCI discourse has, up
until the early 2000s, been rather scarce. This can be explained due to the term’s

ambiguity and vagueness (Israel et al., 2009; Naumann et al., 2007).

Prior to the current research initiatives, Raskin (1994), stated that the term ‘intuit-
ive interface’ in a layperson’s understanding, was being perceived as normal, human,
and being ‘intuitive’ would be enough for any user to use a technological appliance,
i.e. understanding something without any previous experience and rational
thought. Raskin claimed, however, that interfaces being perceived as intuitive,
depends on the recognition of the user interface elements as familiar. He does, how-
ever, state that it is the experience that leads to something being recognised as an

opportunity to act, which is the basis for an intuitive approach to activity (Raskin,

1994).
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In much of the early literature that describes intuitive perception of interfaces, the
term is, to a great extent, linked to people’s cognitive understanding in a setting of
human-technology relations. (Barnard, 1987; Card et al., 1983; Green et al., 1996;
Newell and Card, 1985; Norman, 1987; Payne, 2003). Also, In ‘Subconscious and
Conscious Systems of Cognition’, Norman relates what we regard as typical features
of an intuitive approach to problem solving, e.g. speed, automation and multiple
sources of knowledge, to the subconscious, while the task solution, where actions
are characterised by or based on reflection, emerges as sticky, rule-based and with

few or limited knowledge sources (Norman, 2013, p. 49).

In the research undertaken post 2000s, however, Raskin’s familiarity perspective
(Raskin, 1994) is presented as technological familiarity, and characterised as the
primary aspect of intuitive interaction (Blackler and Popovic, 2015; Blackler et al.,
2011; Hurtienne et al., 2008; Mohs et al., 2006a; Naumann et al., 2008); focusing
on intuitive use, Blackler states that ‘using familiar labels and icons and possibly
positions for buttons help people to use a product quickly and intuitively the first
time they encounter it’ (Blackler et al., 2010, p. 1). Here, the term intuition and
intuitive use approach comprising physicality, embodiment or tangible user inter-
faces, and presents intuition as a matter of experience of activity (Blackler et al.,

2005; Dreyfus and Dreyfus, 1986; Hurtienne et al., 2008; Raskin, 1994).

The present and complementary definitions, on intuitive use within the field of
HCI (Blackler and Popovic, 2015; Blackler and Hurtienne, 2007; Mohs et al.,
2006a; Naumann et al., 2007), rest on the recognition of familiarity in a technolo-
gical perspective, based on recollection, i.e. knowledge and experience gained by use
of prior technology. Leaning on e.g. Simon (1955) and Klein (1999), this would also

include the recognition or recollection of a similar technology.
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Blackler et al. (2005) present three principles of familiarity, in order for designers to
develop user interfaces that are intuitive to use: firstly, to use familiar symbols/words
in expected positions for functions that are the same or similar features that the
users already know. Secondly, metaphors that represent something that is already
known, should be linked to new functionality in the process of creating familiarity
with something that is similar but not identical. Finally, knowledge and metaphor-

ical content and meaning should be coherent in all parts of an interface (Blackler et

al., 2005).

The Intuitive Use of User Interfaces (IUUI) group at TU Berlin in Germany has
devised a definition of intuitive use based on a literature review of usability design
criteria [Scholz (2006) in Blackler and Popovic (2015)] and a series of interviews
and workshops with users, usability specialists and user interface design practition-

ers, where intuitive would describe a relation between an individual and an artefact:

A technical system is intuitively usable if it leads to effective interaction by
unconscious application of prior knowledge by the user. (Mohs et al.,
2006a, p. 130)™

This is also discussed by Israel et al., (2009), where intuition would be related to
activity rather than describing the attribute of an artefact. In Israel et al., it is
emphasised on mental efliciency by a discussion of mental focus on problem solv-
ing, focusing on how attention shifts from the ’interface-oriented’ to becoming

‘task-oriented” Mohs et al.(2007), in Israel et al.(2009, p. 351).

Also, Naumann et al. focus on intuitive use rather than the user interface itself being

intuitive, by discussing physicality and repeated tangible interaction diffuse into, in

14. Original text: Ein technisches System ist intuitiv benutzbar, wenn es durch nicht bewusste Anwendung von
Vorwissen durch den Benutzer zu effektiver Interaktion fiihrt.
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addition to discussing whether, or possibly how, intuitive use relates to the visual

part of the user interface design (Naumann et al., 2008).

The overall view from recent and current research on intuitive use of user interfaces
(Blackler and Popovic, 2015; Blackler et al., 2011; Hurtienne et al., 2008; Mohs et
al., 2006a; Naumann et al., 2008), indicates that we might find grounds for intuit-
ive use through recognition of metaphors which, in the goal of human interactivity
with user interfaces in a domain-specific context, i.e. skilled worker environment,
and based on what a human intends to do is laying the foundation for intuitive per-
ception of functionality, rather than a precise cognitive understanding of an

artefact.

The thesis aims to situate intuitive use of user interfaces within the activity theoret-
ical approach to HCI, in addition to gain a better understanding of the rather
diverse and vague concept of intuition or intuitiveness within the HCI field, by

situating it within the activity theoretical HCI discourse.

3.6 Intuitive interaction in user interfaces

The terms intuitive, intuition and intuitiveness have been described as vague in the
literature (Naumann et al., 2007). Instead, their connection to everyday language
has made it a buzzword related to user-friendliness and usability, where ‘use’ should
be self-explanatory, or at least ‘usable’ in an ‘easy to learn, easy to use, easy to
remember, easy to correct mistakes manner; an immediate-use version of the user
interface; the visual, graphical, point and click, and graspable one. (ISO, 1998;
Nielsen, 1993; Shneiderman et al., 2009).
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In working towards a theory of intuitive interaction, the QUT (Queensland Uni-
versity of Technology) research group’s definition is based on a meta-study compris-
ing a literature review into intuitiveness and diverse fields related to intuitive inter-
action in a socio-technical context, including HCI, cognitive psychology, usability

and interaction design.

Intuitive use of products involves utilising knowledge gained through other experi-
ence(s). Therefore, products that people use intuitively are those with features they
have encountered before. Intuitive interaction is fast and generally non-conscious,

so people may be unable to explain how they made decisions during intuitive inter-

action (Blackler and Popovic, 2015).

According to Blackler et al., intuitive use of products involves utilising knowledge
gained through similar experience(s). Therefore, products that people use intuitively
are those with features they have encountered before. Therefore, Blackler et al.
argue, intuitive interaction is fast and non-reflective; people may be unable to
explain how they made decisions during intuitive interaction (Blackler, 2008;

Blackler et al., 2002, 2003).

3.7 Intuition and HCI

Human-computer interaction (HCI) is the study of how to design the patterns of
how we mediate our interaction with the specific tool of computers. As such, the
field of HCI has grown into a rather wide and diverse discipline in the intersection
of computer science, ergonomics, design, and social and behavioural science

(Rogers, 2012). The amount and level of usage that screen-based media have
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reached in current work life and societal practice, where a large and increasing part
of human activity, are conducted through computer-mediated activity, shows that
screen-based user interface artefacts or other computer-related interfaces, increas-
ingly, are being regarded as ‘real’ tools for action. This has led to many approaches
to defining what HCI s, as it includes a vast array of interfaces, from, e.g. tangible,
gestural, brain-computer, and screen-based GUI, in both embodied interaction pat-
terns, and interaction with a screen-based user interface, covering most aspects of

human life.

Until the early "90s, there was no firm agreement of a single, unified theory of HCI
(Hewett, 1992, p. 5); rather a set of underlying principles and best practices that
comprised the underpinnings for an understanding of human-computer interac-
tion, based on cognitive psychology as a multidisciplinary field of both work and
research (Léwgren and Stolterman, 2007). The ACM Special Interest Group on
Computer-Human Interaction (SIGCHI) developed a definition of HCI:

‘Human-computer interaction is a discipline concerned with the design,
evaluation and implementation of interactive computing systems for human
use in a social context, and with the study of major phenomena surrounding

them.’

[The Acm Sigchi Curricula for Human-Computer Interaction (Hewett,

1992, p. 5)1.

In classic HCI theory in the early ’80s, utilising a model based on human limita-
tions and capabilities, like e.g. perception, attention span, memory (Card et al.,
1983), within the perspective of cognitive science the theorisations saw the indi-
vidual as a human information processing unit, consisting of three connected sys-

tems: perceptual, cognitive and motor, with their individual memory and processor
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(Rogers, 2012, p. 25), as a design guidance for user interfaces. In acknowledging the
limitation of the cognitive approach to HCI, the theoretical framework of activity
theory is brought into the discourse by Badker (1991) in what Kaptelinin and Nardi
call ‘Post-cognitivist HCI: second-wave theories’ (Kaptelinin and Nardi, 2003), as a
tool for analysing actual use, including participation in design, the user interface as
a mediator, and expertise as a whole; where the individual is, as Bannon states, not

a factor, but an actor, with needs and objectives.

3.7.1 Recognition of metaphors

Metaphors are based on objects and actions from the real, physical world, and are
utilised as semantic representations in the user interface to guide users in under-
standing, and thus using ‘computing machinery’. The direct manipulation of
semantically abstracted objects in the user interface has been discussed by e.g.
Hutchins et al.: “The systems that best exemplify direct manipulation all give the
qualitative feeling that one is directly engaged with control of the objects—not with
the programs, not with the computer, but with the semantic objects of our goals

and intentions” (Hutchins et al., 1985, p. 318)

The use of metaphors representational screen elements is, however, not entirely
uncontroversial. A well-known example of how human-computer interaction exper-
iences is added to this pattern repository is the early metaphorical Macintosh waste
bin icon which represented an underlying, and somewhat ambiguous, functionality
that could both delere a document or a folder, and ejecr a floppy disk. Many early
Mac-users used logical inference and were afraid and apprehensive of ejecting the
floppy by dragging it to the waste bin, believing that its content would be erased.
Later, that anomaly was no longer a problem. After being clarified that the floppy
would just be ¢jected and not erased, the users were no longer afraid of accidentally

erasing floppies. Today, of course, we no longer use floppies, and the recollection of
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this anecdote of early computer trivia fills us with a blend of mild despair and

chuckling indulgence.

Figure 8. Early use of metaphors on the web: The Southwest Airlines homepage, 1996.
(Source: The Internet Archive, [http://web.archive.org/web/19961106122431/http://iflyswa.com/],
accessed: Oct. 15. 2016.)

Early in the web era, the reliance on metaphors eventually took to extreme direc-
tions. Nearly all physical artefacts were reproduced in the user interface, and repres-
ented by screen elements, such as this early site for Southwest Airlines in 1996. An
understanding of this early approach to the use of metaphors on the web could be
explained by a statement by Ericsson ‘A metaphor is an invisible web of terms and

associations that underlies the way we speak and think about a concept’ (Erickson,

1990) in (Herstad, 2007).

By conceptualising the user interface with use of metaphors, we tap into a reposit-
ory of recognised artefacts; a repository that will evolve with use. Svanzs describes

the accumulated use of metaphors as:

We conceptualize the computer through metaphors (e.g. information sys-
tems, hyper media, communication medium), and externalize this under-
standing in the conceptual model underlying the systems software (e.g.

desktop metaphor, World-Wide-Web, e-mail). We thus ‘freeze’ a certain un-

81


http://web.archive.org/web/19961106122431/http://iflyswa.com/

Chapter 3 - Intuition

derstanding of the nature of the computer, and this understanding is rein-
forced every time a new piece of software is created within one of the exist-

ing structures. (Svanas, 2000, p. 3)

According to Lakoff and Johnson (1980), metaphors, as concepts, are not only a
matter of linguistic significance, but a way of internally, and visually, guide our
comprehension, when interacting with the real, outer world, by letting these ‘onto-

logical icons’ represent events, activities and states.

Acknowledging how the abstraction level, i.e. the use of representational metaphors
and icons, in graphical user interfaces have become more internalised and implicit
among users, and also more dense and information packed as they have matured
over time. This implies that user interfaces have acquired a character of an increased
complexity, which is somewhat of a paradox since GUIs initially were meant to

pack complexity in a ‘box’ of comprehension.

Systems have, over time, grown large and complex, with a similarly complex user
interface and have, in spite of the GUI, become increasingly difficult to learn and
cumbersome to use. A steep learning curve and a certain degree of awkwardness will
eventually lead to a proneness to make mistakes and a possible difficulty to correct
them. An ideal planned user experience, using software of any kind, should be quite
the opposite. It should be difficult to make mistakes, and if mistakes are made, they
should be easy to correct (Nielsen, 1993; Shneiderman et al., 2009). These are key
elements in the fields of human-computer interaction and interaction design, and
central when working with usability and user experience on web development

projects.

The number of computing devices and the contexts in which they are used, adding
to the amount of action and work processes conducted through screen-based user

interfaces, have increased considerably during the last decades. This, in turn, has
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made focusing on the users, and the contexts of use becoming increasingly import-

ant in modern software development.

Since the use of technology has increased considerably in society in general, due to
the invention and development of graphical user interfaces, screen artefacts and
metaphors have become more internalised and matured over time. This implies that
they have also become part of a common, established, understanding, a sort of cog-
nitive ‘black boxing’, of representational screen abstractions, their meaning and
subsequent functionality. Although not a part of the theoretical framing for this
thesis, the concept of black-boxing socio-technical complexity (Latour, 1999) is still
useful as a depiction of the abstraction and mediation of tools comprising the user
interface in a human-computer interaction context, as it would contribute in our
understanding of complexity as an impacting element in how intuitive use of user

interfaces might be perceived.

Gibson’s original concept of affordances is primarily about framing the direct per-
ception and action between animals and their environment. This perceived notion
of action possibilities includes three basic features; an affordance relates to the cap-
abilities of an actor but is independent of the actor’s capacity of perceiving it, i.e.
experience and culture, and, finally, it does not evolve as means and objectives of

the actor change (Gibson, 1979).

Don Norman brought the concept of affordances into the HCI discourse (Norman,
1988). Norman differs from Gibson in the definition of affordances; while Gibson
describes affordances as independent of a user’s capacity to utilise them, while Nor-

man claims that the perceived and physical/real character of an affordance (Norman,
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1988), determines the usability of a technical system by stating that an affordance is
a relationship between an individual and the object, displaying what possible

actions it affords the individual to take upon it (Norman, 1998, p. 123).

The amount and level of usage that screen-based media have reached in current
societal practice, where a large and increasing part of human activity, being either
private, societal or as a part of ordinary work processes are conducted through
screen-based media, shows that screen-based user interface artefacts are being inter-
nalised. This is further developed by Gaver’s notion of affordances encompassing
screen elements in user interfaces, as he sees affordances as ‘properties of the envir-
onment relevant for action systems’. By exploring Gibson’s bidirectional ‘able-ness’
(Gibson, 1986, p. 128), and original concepts of affordances for the design and eval-
uation of user interfaces, Gaver defines affordances as: © ... properties of the world
that are compatible with and relevant for people’s interaction. When affordances are
perceptible, they offer a link between perception and action; hidden and false

affordances lead to mistakes’ (Gaver, 1991, pp. 79-80).

He states that “People perceive the environment directly in terms of its potential for
action, without significant intermediate stages involving memory or inferences. For
instance, we perceive stairways in terms of their ‘climbability’ ” (Gaver, 1991, p. 79).
This is possible because of the availability of attributes. In a user interface setting
this is transferable to Ul elements, like buttons, sliders, unequivocally designed

hyperlinks and the like, where the potential for action is unambiguous.
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3.8 Chapter Summary

In this chapter I have presented some problematic elements of the term ‘intuition’
or ‘intuitive use’, including a description of its etymological roots and current defin-
ition, followed by a presentation of parts of the discussion within the research com-
munity around intuitive interaction, and the connection of ‘intuitive’ to graphical
user interfaces, leaning on the current research (post year 2000) on intuitive inter-
action. The character of, and the categorisations within, an expert-novice con-
tinuum, including the Skill Acquisition framework have been discussed. The
chapter is concluded with a brief discussion of metaphors as representations in user

interfaces.
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CHAPTER 4.
Method

This chapter describes the research approach, research context and strategy, and

research method applicable to this thesis.

This thesis reports from a case study of the development and use of a software sys-
tem as a foundation for discussing the elements of intuitive interaction through a
user interface in a skilled worker environment. The empirical material was gathered
during the three phases of design, development, and later implementation and use

in the period from 2012-2016.

4.1 Selection of case

The ORCA project at Odfjell Chemical Tankers in Bergen, Norway, was chosen as
the case because the project represented a distinctive development approach and a
defined goal for the end users, that would coincide well with the theoretical
approach and defined research goal of the thesis: ‘what constitutes intuitive interac-
tion in user interfaces?” The ORCA system is a corporate information system used
by human operators to govern the planning and management of stowing and trans-
porting chemical liquids on ships, as the main pattern of use. As such, the environ-
ment in which the software would be put to use, could be regarded as a skilled

worker environment, where the operators would undertake specific and repeating
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sets of tasks, and where one group of software operators within the shipping com-
pany had previous, extensive field operative experience within their vocational area,
as ship officers. A specific experience with hands-on processes that might, or at least
ideally, should have an impact on the degree of intuitiveness with which they could

operate the system.

The case chosen for the study, presents an example of intuitive interaction of user
interfaces. This dissertation will try to explain why interaction with ORCA is intu-
itive by going into details about the human-ORCA interaction in real use, and how

this interaction was designed.

The development of the new stowage planning software in the company was done
applying a best practice approach. It is supposedly more challenging to explain why
something works really well, rather than finding an explanation to a problem, since

the underlying causes for something that works well might be several —and related.

There are many examples of technology that works well; websites that give the users
a sense of immediate understanding of how to interact; services that are available
and accessible to all. It is even increasingly expected that regular users, through
rather complex technological information infrastructures, should be able to solve
tasks that previously had to be undertaken by skilled personnel, such as net banks,
travel sites, hotel bookings. The activity needed to achieve one’s goals has been
transferred from a kind of human agency by proxy to a generalised human agency
by technology, in a socio-technical context where everybody, ideally, should be able
to participate. On the other hand, there has been a significant process-related shift
in the workplace. An increasing amount of work tasks have been digitised, demand-

ing an added set of skills from the workforce—the skill of interacting with comput-
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ing machinery, in-house technology that is aimed at a small group, but still fail to

provide systems that support the task-competence of the users.

Therefore, in order to grasp the fabric of best-case causality, it is necessary to search
widely in the sequence of use-activities that together comprise the task domain, in
order to understand the character of a specific best practice, and how, in both con-

tent and order, it can be designed.

4.2 Research approach
Yin (2008) states that a case study might employ both qualitative and quantitative
methods for collecting data, and the empirical material in this dissertation consists

of nonparticipant observation, interviews, archive material and survey results.

The research strategy has been carried out as a longitudinal case study (Yin, 2008),
where designers and users of a newly developed stowage planning software for

chemical tankers were followed.

The research method has been slightly mixed, but has primarily consisted of inter-
views with and observations of operators on land. Interviews with and observations
of personnel at sea were not possible as time, and geographical reasons, prevented a
stay on board from one harbour to another. Therefore, data from the personnel at
sea were collected through a simple survey. Survey data does not provide the same
depth of information as being present, observing actual use-activity. It is only the
users own descriptions of their own impression of how they experience the interac-
tion with the user interface in ORCA, post factum. This is, however, an experienced
user group, consisting of mainly captains and first mates, who have the necessary
skills, i.e. tool- and task-related competencies, to assess the opportunities and limit-

ations inherent in the mediating tool. Nevertheless, there is, admittedly, such a sig-
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nificant degree of uncertainty, and possible heuristic bias connected to the pattern
arising from the answers, however distinct, that it would be premature to conclude

from these findings with anything but uncertainty.

Interpretivism and positivism are two mutually excluding approaches to the under-
standing of what knowledge is. Positivism, in one end of the epistemological spec-
trum, is solely based on empirical data being observable, objective and quantifiable
i.e. countable. Positivism proclaims that empirical data is the only source of true
and verified knowledge and rejects the cognitive value of interpretation. Data col-
lection methods are primarily quantitative; measuring, counting and statistical ana-

lysis of the empirical material.

The interpretive approach in the other end of the spectrum represents how we per-
ceive the elements and aspects of what we are studying in order to provide an under-
standing of the reciprocal process of user, system and context (Walsham, 1993; Klein
and Myers, 1999). This implies that interpretive researchers regard that our know-
ledge of reality is obtained exclusively through social constructions such as language
and communication, consciousness and reflection, documents, mediating tools, and
other cultural artefacts to which humans have given a purpose and a name, thus
advocating the notion that reality, our perception of it, is purely subjective, and
reciprocally so. Walsham states that ‘Interpretative methods of research start from
the position that our knowledge of reality, including the domain of human action,
is a societal construction by human actors and that this applies equally to research-

ers. (Walsham, 1993, p. 5)

Although the research topic revolves around issues that to a large degree are contex-
tual, and is influenced by the participants’ previous knowledge and experience
which, necessarily, are based on and influenced by social and cultural construction

and comprehension, i.e. an interpretive approach, some firm evidence that linked
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them together was required. In this thesis, that is the conception that something
purely ontological, the mediated functional elements in the user interface, exist, and
that these elements will be perceived differently by different participants, based on
the participants’ background and experience. In addition, the data collection was a
bit challenging, to the extent that an additional survey was undertaken in order to
collect some complementary data. A (non-positivistic) mixed method approach was
therefore chosen. A simple analysis was made on the questionnaire answers and is

presented in ch. 8.6.7.

4.2.1 Research strategy

There are several strategies, in addition to a case study that can form the basis for
doing research, e.g. surveys, experiments and archival analysis. Yin presents a case
study as an empirical inquiry; a longitudinal and thorough investigation of a lim-
ited number of events that, 1. investigates contemporary activities in depth and
within its real-life, everyday context, when the boundaries between the phe-
nomenon of the study, and context are not necessarily distinctly evident. 2. relies of
multiple sources of evidence, of which Yin identifies six: Documentation, archive
records, interviews, observations, participant observations, and physical artefacts
(Yin, 2008, pp. 101-102). Yin states that a case study might employ both qualitative
and quantitative methods for collecting data, and the empirical material in this
thesis consists of nonparticipant observation, interviews, archive material and a

survey.
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Table 2: Empirical material, categories overview.

In this case, the inquiry has been undertaken by following the development and
implementation phases of software in a shipping company, which extends from the
end 2011, until the summer of 2013. After the implementation period, data about
use among operators were collected. The empirical data comprises observations of
the cooperative process during the development period, i.e. the communication
between members of the development team, project owners and participant super-
users. In addition to observations, interviews with members of the core team of
developers, management, and super-users were undertaken. Also, some archival
material has been provided from the company and core team, such as the company

quarterly magazine, and reports and meeting minutes from the development phase.

During the development phase, I have been present at the company headquarters in
a back-and-forth manner, from early in the project, early 2012 and onwards,
observing and interviewing SCRUM teams, project management, participant

[super users] and also the regular operators, after the system was up and running.

During the subsequent implementation period, from spring 2012 to the summer of
2013, 1 have observed user participants reflect on needs and activities, transform

tasks into actions, and perform operations in the vocational context that the system
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was released into, and meant to mediate. In late 2015, the empirical material was
complemented with follow-up interviews and observation sessions of operators,
who then had had the opportunity to work with the system for almost two years.
Also, survey data regarding interface features and task process support, i.e. the
mediation, in the finished software through a survey among captains and other ship

officers at sea was collected.

4.2.2 Research context

During this longitudinal study, I have followed the progress of a system develop-
ment process from the beginning, following SCRUM teams, project management,
participants and super users. Regular users have been observed during the develop-
ment period from early 2012 until well after the system was released. This long-term
access has given me the possibility to follow a development process with a goal that
closely matches my overall motivation for doing research within the field of HCI:
computers should support people in their everyday tasks in a way that is easy to

learn and easy to use.

The empirical data have been collected on location at the Odfjell Tankers
headquarters in Bergen, among cargo brokers in their daily work, and among visit-
ing naval personnel during training sessions in ORCA. It was conducted in three
stages, first during the approximately 15 months development period from January
2012, second, during the implementation period of the software, which lasted from
March to August 2013, and finally, additional gathering of empirical material in the
period October 2015 —February 2016. The empirical material consists of field notes,
video recordings, audio recordings, survey data and archive material from the com-
pany. The survey was conducted as a web questionnaire in order to be independent

of physical presence.
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The empirical material may seem narrow, caused by the fact that the access to the
field area was not continuously available, thus not being ‘hands on’ when the action
happened, since the stowage planning process occurs when clients contractually agree
and order transportation of cargo. This activity, with all its sub-actions and sub-oper-
ations happens at a typical regular irregularity, i.e. randomly and anytime, and have
made the fieldwork difficult to plan in any detail. User interaction simulations were
thus, eventually, required in order to gather observational data about the various
aspects and elements in the operator-system interaction. In return, this became very
effective and compact sessions, revealing numerous interactive operations in a con-
trolled but realistic scenario, instead of waiting for another random cargo stowage
process to happen, the operator could go straight into a typical everyday stowage

process. The simulations were based on previous, real stowage plans.

The number of operators who could be released to such session duty was also lim-
ited. Therefore the observation data and interview data were supplemented with a
survey, directed towards the officers on all naval vessels. The questionnaire was
linked directly to how the personnel perceived the interaction with the different

parts of the system and its user interface.

4.3 Research methods

Data collection has been carried out in a primarily qualitative approach as a case
study (Yin, 2008). It consists of semi-structured interviews with stakeholders,
developers, project management, participant users and regular users. Also, field
observations of regular users during the testing period and after implementation has
been undertaken, recognising the fact that different perspectives including users of
varying experience and competence, technical artefacts and corresponding user per-

ception and acceptance are needed in order to adequately cover the research area.
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Due to observations of user activities being difficult to plan because of the random
character of when they are done, in addition to the observation field itself, the
Odfjell offices in Bergen, is located on the other side of the country, an additional

small survey was conducted.

Non-participant observations have been targeted towards developer teams,
SCRUM sessions, communication between developers and project management,
communication between developers and participants and regular users. Also, obser-
vations of users’ interaction with the system, i.e. regular work, where participants
carried out actual tasks, in both real and demonstration contexts. The observation
sessions varied in length, from 30 minutes to three hours depending on the amount

of work tasks.

Semi-structured interviews have lasted for a period of 45 min-1,5 hours. A digital
recorder was used. Targeted observation sessions of regular users lasted for approx-
imately 1,5-2 hours, and involved observing the employee’s work tasks. Un-targeted
observations, observation by looking around, have been continuous while I have

been present in the field.

Data has also been gathered through a survey directed towards personnel on board
the vessels, centred around the participants’ perception of process support for regu-

lar work tasks, and intuitive interaction through the system’s user interface.

Some data related to the development phase has been gathered from archived docu-
ments, such as sprint reports, meeting minutes, project reports and the company’s

quarterly magazine and the original vision scope document.

The software studied is part of a substantial infrastructure that, to a large extent is
influenced by a heterogeneous array of decisions on a higher, more abstract level.

This opened up for a broad set of methods, including interviews with both
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developers and users, observation of users at work, maintaining their daily opera-
tions, in addition to a survey that was mainly based on quantitative methods but
with added extended qualitative possibilities for comments. The mixed methods
approach opens up for a broad set of methods, including interviews with
developers, users and managerial staff, observation of users working, maintaining

their daily operations, in addition to surveys based on quantitative methods.

It consisted of individual observation sessions of a group of five users working from
the company headquarters on shore, with different levels of experience and also
varying background expertise, as some of them had previous experience as captains
and senior officers on the ships. I have conducted interviews with six members of
the core team, which lasted between 45 minutes and 1,5 hours. Two of the team
members, the main super-user and the project owner/leader were interviewed twice.
The interviews were conducted as semi-structured conversations, where the
respondents, in addition to talk about their career in the company, and relation to
technology in general, were asked to talk extensively about their work processes. A
digital recorder was used. Un-targeted observations have been a continuous process
while being present in the field. Additional follow-up observation sessions were

conducted, and additional survey data was gathered in early 2016.

4.3.1 Survey

Data collection was influenced by the fact that observations could not be planned,
in any distinct fashion, in advance. This, combined with the access to the observa-
tion premises depended on air transport, suggested that the qualitative material had
slightly less size than an ideal. Aiming to collect additional data that could contex-
tualise the material, a simple survey was conducted in February 2016 among naval
personnel. The survey was based on the QUESI questionnaire (Questionnaire for
the subjective consequences of intuitive use). The QUESI questionnaire was

developed by the German research group at the Technische Universitdt Berlin in
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2009 (Hurtienne and Naumann, 2010; Hurtienne et al., 2009). The questionnaire
builds on the IUUI description of intuitive use as the user’s instinctive use of prior
knowledge leading to effective and unhindered interaction (Mohs et al., 2006a;
Naumann et al., 2007), presented in the literature review ch. 3. This survey model
has been tested towards a variety of interactive systems. i.e. websites, navigation sys-
tems and mobile phones, with more than 500 users evaluated (Hurtienne et al.,
2009, p. 2). The QUESI form consists of 14 questions, divided into five subgroups,
see table 3, p. 98.

The response scale is a symmetric five-point Likert agreement scale, with a balanced

label interval: 1=Fully disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Fully agree.

The questionnaire was distributed as an interactive form in pdf format by email to

39 vessels. Twenty-six officers returned answered pdf forms.
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Sub-groups Question no.

W - Perceived mental 1,6, 11

workload

G - Perceived achieve- 2,7,12

ment of Goals

L - Perceived effort of 3, 8, 13

Learning

F - Familiarity 4,9, 14

E - Perceived Error rate 5, 10

Characteristics

1. I can use the program without thinking

about it
6. The program is not complicated to use

11. I barely must concentrate on using the

program
2. I achieve what I need by using the program.

7.1 am able to achieve my goals in the way I

expect.

12. The program helped me recognise what I
had to do to completely achieve my goals.

3. The way the program works is immediately

clear to me.
8. The program was easy to use from the start.

13. It is clear to me straight away how the pro-

gram is used.

4.1 can interact with the program

in a way that seems familiar to me.

9. It is always clear to me what I have to do to
use the program.

14. T automatically do the right thing to achieve
my goals.

5.1 can easily fix problems if they should occur.

10. The process of using the program goes
smoothly.

Table 3: Question numbers distributed on subgroups. The answer scale ranged from 1:’Fully disagree’

to 5: ‘Fully agree’. See appendix 2, part 3.
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Sub-groups Question no.
W - Perceived 15, 20, 25
mental Workload

G - Perceived 16, 21, 26
achievement of

Goals

L - Perceived effort (17, 22,27

of Learning

Characteristics

15. The ORCA interface uses the same ‘images” as I
am used to in the regular stowing process, therefore I
can use the program without thinking about it.

20. Since ORCA works the way we usually do when
stowing the ship, the program is not complicated to

use.

25. Since the program operation resembles regular
stowage task ow, I must barely concentrate when us-

ing ORCA

16. Because of my experience with regular stowage
task flow I achieve what I need by using the program.

21. The ORCA interface uses the same ‘images” as I
am used to in the regular stowing process, therefore I

am able to achieve my goals in the way I expect.

26. Because of my experience I could detect it when
the program helped me recognise what I had to do to
completely achieve my goals.

17. ORCA works the way we usually do when stow-
ing the ship, therefore it is immediately clear to me

the way the program works.

22. Since ORCA works the way we usually do when
stowing the ship, the program was easy to use from

the start.

27. Because of my experience with regular stowage
task flow, it is clear to me straight away how the pro-

gram is used.
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F - Familiarity 18,23, 28 18. Since the program operation resembles regular
stowage task flow, I can interact with the program in a

way that seems familiar to me.

23. Since the program operation resembles regular
stowage task ow, it is always clear to me what I have

to do to use the program.

28. The ORCA interface uses much of the same ‘im-
ages’ as I am used to in the regular stowing process,

therefore I automatically do the right thing to achieve

my goals.
E - Perceived Error 19, 24 19. If problems occur, I can easily fix them, in the
rate same way I fix problems that occur during a regular

stowing process.

24. Because of my experience with regular stowage

task ow, the process of using ORCA goes smoothly.

Table 4: Distribution onto sub-groups. The questions and corresponding numbers distributed on sub-
groups in table 5 extended with aspects regarding the understanding of the user interface connected to
previous experience and recollection of stowage operations. The answer scale ranged from 1:’Fully dis-
agree’ to 5: ‘Fully agree’. See appendix 2, part 4.

The QUESI survey was adapted and employed to measure intuitive interaction in a
skilled worker environment in relation to the use of one specific software. The first
group of questions (questions 1-14 in the survey) were directed towards the percep-
tion of intuitive interaction in general. An additional group of questions was added,
extending the number of questions to 28 (questions 15-28 in the survey). The
added group of questions was analogue to the first, but requiring reflections from
the participants on their vocational experience when answering (see appendices 2—6
for survey details). All questions follow the phrasing pattern of higher scores repres-

enting an increased possibility of intuitive use.

The questionnaire also contained an introductory part regarding the users age,
q Yy p g g g

experience and education in addition to current position, prior to the questions dir-
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ectly aimed at aspects regarding the participant’s use of the ORCA program

through the program’s user interface, see appendix 2, parts 1 and 2.

4.3.2 Data collection

The initial data were collected during the design phase and consisted of field notes
from scrum retrospective meetings and presentations of sprint deliverables with
developer team and company representatives present. In addition to interviews with
the core development team, the project manager, a representative from the com-
pany management, the main super user and another very experienced user, and the

head of the development team, and one developer from the developer team, see

table 2, p. 92.

Role in project Interview topics/keywords

Project manager Project vision, software needs, develop-
ment process, perceived cooperation,
user participation

Management rep. Software needs, previous software
history

Main super user Stowage process, previous software his-
tory, software needs, development pro-
cess, perceived cooperation, user
participation,

Very experienced user Stowage process, user experience

Head of developer team Development process, user participa-
tion, perceived cooperation, co-location
aspects

Developer Perceived cooperation, perceived co-

operation, co-location aspects

Table 5: Overview —interviews with core team members and related topics.
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The collection of observational data proved to be challenging in the sense that it
was rather difficult to plan ahead when to observe regular stowage planning at the
cargo broker floor. Requests and orders for transportation of cargo are normally
received and accepted on an infrequent basis; thus it became rather unpredictable
when a stowage planning session would be available for observation. This combined
with the need for air travel in order to be present in the field led to a less than ideal

setting for the gathering of the empirical material.

The solution to this dilemma of arbitrary access was to plan field observations at the
same time as tutorial classes were scheduled and then schedule simulation sessions
in the same period. The observation sessions of operators had a non-participant
character, however, the researcher, and the participant were, occasionally, commun-
icating in an inquiry- and interview-like manner during the sessions. These sessions,
which simulated everyday work tasks, had the character of being both observation
and interviews, as the operators acted dialectically in the observation session, by
talking about what they were doing, and commenting their reasoning while per-
forming operations, following the contextual inquiry approach presented by
Holzblatt et al. (1993), an observation technique where a researcher is together with
the participant in the users’ regular environment, being in the background as in a
regular overt non-participative observation manner, but where the researcher may
ask clarifying questions. In these sessions, in order to collect all the data produced
in these information-dense sessions, a video-camera was being used, primarily for

preservation of data beyond what was possible to do with field notes alone.

Other data collection sources were archival material like sprint reports and retro-
spectives, and meeting minutes from meetings in the core group, in addition to

scope documents and company quarterly magazines.
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Lastly, a survey was conducted, both in order to reach a user group that was other-
wise difficult to reach: the officers at the vessels, and provide a set of data extending

the data from the observation sessions.

4.3.3 The participants

This following section presents the people that have been involved, describing,
briefly, their background and part in the development process, in addition to the
users of the software. What characterises this group of people is an initial hetero-
geneity, naturally, due to the difference in background, education, and project
approach ranging from developers, project owners, expert users, and regular operat-

ors—gradually transforming into a homogeneous group.

Management representative

A member of the governing group for the ORCA development process. He was
involved in the development of the previous system, as a project manager. He has
participated as an advisor, and as a member of the steering committee. Interviewed
twice; once, early in the project, and once after the system had been in use for

about a year.

Management representative and a member of the governing group for the ORCA
development process. He is the current project owner’s immediate superior, and was
involved as a project manager in the development of the previous system, which
will replace ORCA. He has not been actively involved in the development of
ORCA, but participated as an advisor, and as a member of the steering committee,
thus helping to make decisions related to system capacity and functionality con-

straints,” but without being directly involved in the development process. Inter-

15. Hard and soft rules, determining which rules are allowed to 'bend’, and which are not - and how to 'bend’
the soft, bendable ones.
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viewed twice; once, early in the project, and once after the system had been in use

for about a year.

Project owner. Involved in the project from start, the middle of 2011. Project man-
ager for the development of the new stowage system, ORCA. Interviewed three
times; once, early in the project, once towards the end of the development period,

and finally after the system had been in use for about a year.

Background within the Odfjell system: project management—eleven years. Involved
in the project from mid-2011. Project Manager for the development of the new
stowage system, ORCA, and related to the developers, he is the project owner, in
SCRUM terminology. Went on to head the project and training department after
the project was finished, and the software implemented on all ships and in com-

pany headquarters.

Super-user. The main super-user and most experienced employee, who acted as a
premise provider in terms of which functionality that should be included in the
software, and as a participating user representative. His role in the project has been
what one in actor-network theory would have called an Obligatory Passage Point;
the one person that all involved participants, users, developers, scrum master and
project leader/owner alike, would go to with wishes, ideas and suggestions for how
the new software should function and be operated. Educated as Captain; Twenty-
five years of naval experience, 11 of them as Chief Officer or Captain at Odfjell
Tankers. The super-user has also worked as an operator and having had the role as a
super-user at the company headquarters for the last 12 years. Interviewed three
times; once, early in the project, once towards the end of the development period,

and finally after the system had been in use for about a year.
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Operators. On land, the users of the new system will be operators in Bergen, and
Dubai offices, in addition to the company’s port operators in major ports like Hou-
ston and Rotterdam. At sea, it will be the captains and chief officers aboard the

ships.

Development team. Head of the Development team: programmer and SCRUM
master in the project. Interviewed twice; once, early in the project, and once
towards the end. Developer and co-located member of the SCRUM team. Inter-

viewed once, midway through the development process.

4.4 Chapter summary

In this chapter, the research approach,—strategy and —methods have been presented.
The empirical material has been categorised and the research context, of non-parti-
cipant observation and semi-structured interviews in the user location, in an addi-
tion to a small web-based survey directed towards a group of naval personnel at sea,
have been presented. Also, this chapter has described the challenge connected to the

data collection process, and how it was solved.
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CHAPTER 5.
Case - design and use of stowage planning software in a
shipping company

2000 2012 2013 2014 2015 2016
ORCA: design & development

ORCA: rollout HQ

ORCA: rollout vessels

2000: Previous system, Othello operational

Interviews with core team

Observations of operators

Survey, naval personnel
2000 2012 2013 2014 2015 2016
In this chapter the case study is presented. It describes the empirical case study
undertaken in one of the world’s largest shipping companies within the field of sea
transport of chemical liquids, where the top-down initiated, but user/expert driven
development of a vocational information system for stowage planning has been fol-
lowed. The development process was characterised with continuous and extensive,
bottom-up, communication between developers and users, with developers not
only co-located in the same building but also located on the same floor as the users.
The structure of this chapter is presented as follows: first, the company and parti-
cipants are introduced, and subsequent motivation and goals for developing the

new system.
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5.1 The company

Odfjell Tankers is a global organisation, headquartered in Bergen, Norway. It is rep-
resented through overseas offices in 12 countries as of October 2016. In its field, the
company is regarded as a world-leading company in the global market for ocean
transportation, and storage, of industrial liquids, i.e. chemicals, oils and other
products. The company owns and operates a large fleet of chemical tankers, both
globally and regionally in addition to a network of tank terminals. Their customers
range from small businesses with single and occasional shipments to large multina-

tional businesses with large and diverse requirements for seaborne transportation.

The company’s major trade streams cover the United States, Europe, Asia, India, the

Middle East and South America.

‘[...] the company’s main business thus includes transporting and storing
organic and inorganic bulk liquid chemicals, acids, animal fats, edible oils,
drinkable alcohols and clean petroleum products, and the company also
operates four modern distillation coloumns. Some of the cargoes represent
hazards as they may be flammable, toxic or corrosive. Examples of cargo
would be alcohols, aromatics (benzene, toluene, xylene), Hydrocarbon
solvents, Naphtha, Gasoline components, Gasoil and fuel oil components,
Petroleum distillates, and so on.’ (Odfjell Annual Report 2012).

The fleet of 74 chemical tankers;'® owned, time chartered, commercially managed,
and additionally managed on a pool basis, ranges in carrying capacities from 4,000
to around 75,000 DWT, and of a variety of tank configuration and coating. Most
of the ships are equipped with zinc and epoxy coated cargo tanks unless made of
stainless steel. The main reasons for coatings are easier cleaning and less risk for
contamination of the cargo. However, tanks made of stainless steel are needed for

the cargo that would chemically react with the coating. The smallest ships are oper-

16. As of November 2016.
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ating the so-called regional trade in the Far East, and are operated from the Singa-
pore office. The main tanker fleet, the large ships, are operated from Bergen. In
their newest office, in Dubai, has product tankers carrying chemicals of a lighter
variety, in addition to the main transport oil products, e.g. oil tankers that can also
carry chemical class. The total capacity of the current fleet is around 2.75 million
DWT, and transports 18.5 million tons of cargo to and from almost 500 different
ports worldwide, with almost 5000 port calls. The process of loading and dischar-
ging more than 600 different types of products can be extremely complex. (Odfjell
Quarterly March 2012)

For eleven years the company have based their daily stowage operations on one
specific application, Othello that, although sophisticated, contained features that
have rarely been utilised, and in principle just had made the software more complex
and slow to use. The software was intended for both vessels and on land, but was
never implemented on the vessels, which in turn added even more logistic complex-
ity with managing the stowage processes. The company decided to develop a new

stowage tool, where great emphasis was given to the user:

“The new stowage tool will allow the operator and shipboard management to work
on the same stowage and use the same computer software program. In order for

the new system to be successful, high priority will be given to the user.»

- Odpfiell Quarterly Magazine, December 2011

5.2 Terminology and daily practice
In the following, the basic terminology is briefly presented but is described more

elaborate in relation to the presentation and discussion of regular use in ch. 7.
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Stowage plan.
The stowage plan is managed by the software. A stowage plan contains the follow-

ing information:

* A list of calls, with voyage information (also called Rotations).

* A list of operations (mainly cargo-operations), happening in the calls from

the Rotations.
* A tank plan and the links between operations and tanks in the tank plan.

* Additional ship information used to calculate ship utilisation and trim/list,
or to run the COF checks.

By ‘publishing’ the plan the operator makes it available for online co-workers with
access to the vessel, in addition to the naval personnel on the vessel, which will
receive it by email. After stowing the cargoes, the captain of the vessel will promote

the plan into a Masterplan, and send it back to the operator. (see figure 9, p. 115)

Rotation
The Rotation list is a list of sorted calls. In ORCA two levels of calls are managed:
Port (level 1, top level) and Berth (level 2, sorting under a port). Each port can be

assigned to a voyage.

In the following, a brief explanation of the field’s terminology is presented.

Rotation and rotation list are parts of the terminology, but is presented more elab-

orate in relation to the presentation and discussion of regular use in ch. 7.

Operations

A cargo-operation in the ORCA user interface can be:

* A cargo-operation, such as loading, unloading, transferring or in transit.
Transit operations are used to represent cargo-operations without other

activities in a call, and are only displayed on the port level.
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* An operation not related directly to the cargo, i.e. a port activity or a blocked

tank.

Operation is a vocational term related to a specific set of use-activity in the ORCA
user interface, as described above. ‘Operation’ is also the activity theoretical term for
the bottom level of use-activity in the hierarchical structure of an activity in Activity
Theory. An ‘operation’ in ORCA can be both an operation and an action in an
activity theoretical sense. Thus, for the sake of clarity, the vocational term of opera-
tions is ‘rebranded’ as cargo-operations throughout the text of this thesis. However,
the user interface elements related to cargo-operations in ORCA will still use the
term operations as it is part of an established terminology, and therefore the user

interface.

Operation list
Displays a list of the cargo that the company has agreed to transport, but not yet

placed on board a vessel.

Tank plan

The tank plan in ORCA represents all the cargo tanks and their contents based on
the selected calls. The size and position of the tanks on the screen are abstractions of
the current ship, and not exact, pixel-perfect, renditions of the real tank plan. How-

ever, the information displayed in the tank plan can be regarded as accurate.

Violations
Violations are generated by the application when an incorrect situation has been

detected. Violations are classified into 2 main categories:

Soft rule violations. These are warnings aimed at the Operator or the Captain, of-

ten requiring verification, but not preventing the stowage.

111



Chapter 5 - Case - design and use of stowage planning software in a shipping company

Hard rule violations. There are either errors in the stowage plan, or incompatibilit-

ies that need to be removed to have a valid stowage plan.

Cargo list:

Displays a list of cargo already on board.

Trim & List:
A ship’s trim & list data describes the ship’s position and stability in the water. It is
important that the software take these parameters into account in order to precisely

control the liquid cargoes on board the vessel.

Cargo Manifest

The Cargo Manifest is a report showing information about all loads, their origins
and destination for a specific trip, including all IMO classifications and US Coast
Guard classifications. The cargo manifest is a standard form, intended for customs

personnel.

5.3 Stowage workflow: the process of stowing a chemical tanker

The handling of chemical cargo is a complicated subject. The products that a ship
can carry are strongly regulated by national and international legislation, and in
addition the different charterer organisations have their demands as to how their
cargoes shall be handled. Adding the fact that chemicals have their own physical

properties that influence the handling, the complexity increases.

The stowage planning of chemical tankers is a process by which the stowage loca-
tions of cargoes on board a vessel has to be meticulously planned prior to loading in
order to reduce the costs as much as possible while at the same time exploiting the

vessel’s capacity. The requirements of the stowage planning process are becoming
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more challenging and complex with the development of new chemicals and ships

with an increased number of tanks, in addition to rigorous regulations.

There are several aspects related to the process of stowing a ship other than vast
numbers and complexity itself. One of them is quality, i.e. commercial quality in
the sense that if done in a sloppy manner, the company will lose money on underu-
tilised ships. Another aspect has to do with security quality. If cargoes were stowed
in a manner that would make it possible for them to react with each other, the
worst-case scenario would be exploding ship tanks. The 28th of February 2004, the
chemical tanker Bow Mariner exploded and sank just 45 miles off the coast of Vir-
ginia. Twenty-one crew members died, while six were saved.”” On June 4th the same
year, another chemical tanker, M/T NCC Mekka, exploded while the ship was at
anchor in Rio de Janeiro."” Twwo crew members died. On July 26th the chemical
tanker Bunga Alpinia exploded off the coast of Malaysia."” Five crew members died.
On the 7th of March 2013 the chemical tanker Harbour Krystal suffered an explo-
sion in one of her tanks, of the coast of Lisbon.”” One crew member died. The list
of catastrophes could continue. Therefore it is of vital importance with software sys-

tems that would aid the users in the process of stowing the ships in a safe manner.

A chemical tanker differs from an oil tanker in almost all aspects, except for the fact
that they both transport liquids. An oil tanker transports one type of cargo in five

or six huge tanks, from the point of extraction to a refinery.

A chemical tanker, on the other hand, is significantly smaller, and transports liquid

chemical materials in a multitude of smaller, specialised tanks, between various port

17.  heep://www.cerc.usgs.gov/orda_docs/Assets/UploadedFiles  /CaseDocuments/V ~ A_Bow-Mariner_USCG-
Investigation_12-14-2005.pdf. Accessed: Sept. 5, 2013.

18.  http://www.cdtx.org/ctx/job/cdb/precis.php5key=2004040 4_001. Accessed: Sept. 5, 2013.
19.  hetp://officerofthewatch.com/2012/07/27 /tanker-bunga- alpinia-inferno/ Accessed: Sept. 5, 2013.
20. http://gcaptain.com/crewmember-missing-blast-board/ Accessed: Sept. 5, 2013.
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terminals, in a multi-point to multi-point pattern called a rotation. Another, per-
haps more immediate issue to handle when transporting various loads of chemicals
is compatibility; how the chemicals react, either with specific tank coatings or each
other. The system has to support the operator to avoid putting the wrong load in
the wrong tank. For example, if an operator puts an acidic chemical in a tank with a
coating, the coating will be ‘burned” off. Then, a stainless tank, or a tank with a
coating that could withstand acid must be used. Likewise, there are rules for the
filling of adjacent tanks—as to which chemical liquid that may be transported
alongside each other. If a mistake is made in this situation, the ship will be withheld
in the port by the authorities. And the reason that the two loads are not allowed to
be transported side by side with only one bulkhead in between is that if there is, or
arises, a crack in the tank wall, there might be a chemical reaction that ultimately
could destroy the ship. This is an operational practice associated with a significant
degree of complexity, and sometimes critical complexity. Therefore, a chemical
tanker must adhere to international regulations that require chemical tankers to fol-
low the International Bulk Chemical Code (IBC Code),” regarding transport of
hazardous liquids at sea like e.g. SOLAS ch.VII and MARPOL Annex 1. The
examples at beginning of this chapter are all actual, real-world events, caused by the

failure to adhere to these rules.

21. International Convention for the Safety of Life at Sea (SOLAS). Chapter VII - Carriage of dangerous goods

22. International Convention for the Prevention of Marine Pollution from Ships (MARPOL). Annex II -
Regulations for the Control of Pollution by Noxious Liquid Substances in Bulk
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Figure 9. Practice: the workflow of making and publishing stowage plans.

Step 1: The Operator synchronises the stowage plan. This will import new rota-
tions, with calls and cargoes, and update the existing ones.

Step 2: The Operator verifies the data in the stowage plan and adjusts it if required.
Step 3: The Operator publishes the stowage plan.

Step 4: The Captain receives the published stowage plan and stows the cargoes.
Step 5: The Captain promotes (or publishes) the stowage plan.

Back to step 1.

The operators on land are extensively involved in various tasks related to vessel per-
formance, including stowage, coordination of port calls, transshipments, bunkering
and bunkering purchases, supervision of tank cleaning, performance monitoring,
weather routing, freight collection and demurrage management, and supervising

the adherence to rules and regulations related to cargo and cargo handling.

Role Tasks

Ship Operator Primary user of stowage tool ashore
Vessel, shipboard Primary user of stowage tool onboard
Ship Management-internal Responsible for vessels, crew, ICT

systems installed onboard

Ship Management-external Responsible for T/C vessels, crew,
ICT systems installed onboard
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ICT operations Responsible  for  operations  and
support  of ICT  tools  used

within the company

OT Shipping project Responsible for new OT application

portfolio, incl. onboard solution

Table 6: The six elements or roles active in the process of stowing a chemical tanker.

Viewing stowage planning as an activity system, includes the subject that consists of
those who have direct contact with the software, i.e. the operator on land, and the
captain and first officer/mate on board the ship who works towards the object
which is the most optimal position of the load at any time. This is complicated by
the fact that what is regarded as an optimal stowage might be changed by each port
arrival during a rotation. This activity is mediated by the ORCA software. As an
activity system, it would also be composed of a set of rules, the community that
consists of everybody that is related to the context, such as maritime personnel, col-
leagues on shore—including support personnel, customers, in addition all the roles

that are directly involved the stowage process as a division of labour (fig. 10, p. 116).

Figure 10. The collective activity of making stowage plans as an activity system.
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The main responsibility for a safe stowage of the ship lies within the role of “The
Master’, the highest-ranking officer at the shipboard, normally the captain of the

ship. In the ‘Odfjell Tankers Requirements and Guidelines Manual’ it is stated that

“When new cargoes are added to the Cargo/Voyage Order, and new stowage
or changes in stowage are required, the Master shall send an updated stow-

age plan to the Ship Operator.

The Ship Operator may comment on the Master’s stowage, or himself sug-
gest stowage (many Ship Operators are former Chief Officers or Masters),
but it remains the Master’s responsibility to safely and efficiently stow the

ship.

If more cargo is available for a voyage than the ship can carry, the Master
shall seek advice from the Ship Operator to optimise the cargo intake and
the voyage result. The Ship Operator may take commercial considerations

unavailable for the Master into such planning.’

When a ship arrives at a port, the captain must hand over the cargo manifest to the
port authorities. The cargo manifest is a report containing the information about all
the cargo aboard, where the various ‘packets’ were loaded, how much there is, all
IMO classifications, US Coast Guard classification and so on. There is a lot of
information that needs to be included. It is a standard form. In addition, the cap-
tain must produce an overview of the work on board, and so, while planning a rota-
tion, there must be a plan for every pier. In addition, tanks might need cleaning,
which must be planned much in the same way as loading or unloading cargo. This
means that there are many processes the ORCA system must cover. Also, it must be
able to view and print out plans to port authorities on request. The experienced,
former captain—now super-user, explains by using the port of Rotterdam as an

example:

‘In Rotterdam, for example, the port authorities come on board when the boat

docks, retrieving the stowage plan for the ship, checking the cargo when the ship
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arrives in the port, and also when it departs. They really go thoroughly through the
stowage plan, for all the various quays in the port. And then they check that we are
following the rules and regulations when stowing the ship. The rules are mainly
IMO (International Maritime Organisation). However, we relate very much to the
US Coast Guard compatibility list, which is even easier to work with. In this system
the various loads are enumerated within different groups of chemicals. e.g. sul-
phuric acid is a group of two, phosphoric acid is group number 1, oil products
belong to group 33, etc. So, when stowing, we just look up the table, check what
goes to where. Group 2 is not really compatible with anything. Apart from group
33 [smiling], see attachment 2. This list makes it very easy to see what you are

allowed to do and how, and what you're not allowed to do.’

5.3.1 Rules and regulations

There are a large number of rules that govern how a chemical tanker is allowed to
operate. In addition to all of these rules, the operators must consider the ship’s stab-
ility. If stowing only the middle parts of the ship, or just in the fore end, the ship
might break. There are numerous factors that come into play in the daily stowage
processes. The ship is loaded in one harbour, and unloaded in another, but the ship
might also utilise loading and unloading operations in the same port, or loading
and cleaning operations. Also, the charter operation itself could be a rather complex
process. The largest ship in the fleet contains 56 tanks, which would, theoretically,
give the operator 7 x 107 possible configurations (a vessel with 56 tanks = 56!= 7 x
107). This would indicate that there is no single correct stowage of a ship. In addi-
tion to that, the charterers have the option of changing the load with e.g. +10%,
which in turn would further increase an already astronomical number of possible
combinations. The system’s main purpose is to simplify the planning of the stowing
process, for marine personnel and operators on land. Its purpose is to ensure that

operators dont make stowages that are illegal according to rules and regulations,
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like e.g. stowing two loads of chemicals, side by side, that is not allowed to be
stowed alongside each other. This would have the system inform you about it, by
issuing a soft rule violation—or even prevent the operator from making the stowage
altogether, by issuing a hard rule violation. The system has been planned to analog-
ously follow the established work practice, so by utilising the ORCA software, plan-
ning different scenarios by changing the stowage combinations should come natur-
ally for the operators by associating the various operations as familiar with or sim-
ilar to previously acquired knowledge and experience. A little change of volume
here, adjusting the temperature there; one might free up a tank and be able to carry

more cargo.

5.3.2 Stowage of chemical liquids

The stowage operation itself requires a lot of expertise among the operators, due to

the many variables involved. Prior to the early 2000s, this was done with pen and

paper.

The material conditions are given: the operator has a list of shipments that the com-
pany has agreed to carry, then the operator will find available ships that can accom-
modate loads, which also meets restrictions on how deep a ship can go in the har-
bours it has planned to visit. In addition to the material requirements, there are all

the rules and regulations related to the transport of chemical liquids at sea.

The new system is developed in order to support the rather complex process of
stowage of chemical tankers and the order in which the ship will enter the ports.
The company operates ships that vary greatly in size, ranging, at the time of writing,
from 14 to 56 tanks. In principle, there can be 56 different loads of chemicals on
board. Some chemicals cannot be stowed adjacent to each other. Some require a
specific temperature, some require heat and some require refrigeration. Some
require transportation under pressure. Some chemicals react with other chemicals,

and some loads will not be accepted by the charterer if certain loads have been in
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the tank in advance. For example, one cannot fill oil intended for use in food pro-
duction on a tank that has recently been used to transport toxic chemicals, even if it

has been cleaned.

5.4 The previous systems

There have been two prior stowage planning systems in use before the development
of ORCA started; the Othello system, which was a web-based, stowage planning
software that was developed in the early 2000s. Othello was a rather comprehensive
system that contained quite a large set of functionality. This system was used by the
operators on land. The other system was Super Cargo, a light standalone application

for stowage planning on board. They are briefly presented here.

5.4.1 Othello

Figure 11. The main user interface in the web-based Othello system.
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Othello was the first computer-based stowage system for chemical tankers that was
developed. During the development process and, eventually, reaching the last itera-
tions, it was clear that the software had become more and more complex, and with
an increasing lag in response time. The rather slow performance due to an increased
response time was regarded as an obstacle for rapid employment during the initial
implementation case of Othello, with operators being forced to accept 20 to 40
seconds waiting time being the normality, leading to the operators into forced idle-
ness and a sense of frustration. In addition, the software did not show proper error
messages, and thereby failing to give the operators the necessary system status feed-

back. As one of the operators said:

“You did not know that anything was wrong. You just waited and waited and
waited. The system looked like it worked, while in reality, it had silently

crashed.

- An operator on the Othello system

There are several aspects related to the process of stowing a chemical tanker that
might be very complex, with e.g. cargo-splitting, which means that an operator can
load one specific cargo several times in a tank in several ports in order for the tank
to be filled up, and also unloaded again. e.g. unloading the tank in several stages;
this is split loading and split unloading. Another complicating issue is transship-
ment, where a cargo is unloaded at an intermediate destination and later transpor-
ted to another destination, and loads can also be mixed. It’s very complex in a sys-
tem technical approach. The Othello software related to this level of complexity in a
manner that forced people into long and laborious work processes. In addition,
they had chosen to develop Othello as a web-based system, which also added to the

technical complexity. The project manager for the Othello system said:

‘“We had chosen to develop Othello as a web-based system, so we had to

tweak a hybrid system with some .NET stuff for it to run a little faster.
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Therefore, the technology that made up Othello was very complex, which
was one of the main arguments that we eventually had to drop it, and start
over again, because we knew we had to replace Othello. After all, we knew
how bad things could become if something went wrong. We needed a sys-
tem supporting the operator to weed out the errors leading to critical condi-
tions. It was a kind of safety motivation, which perhaps is the strongest mot-
ivation of all, but optimisation purposes is also an important part. And then
there was the fact that we had trouble getting hold of skilled maritime per-

sonnel, who could stow a ship based on experience.’

- The project manager for the previous system, Othello.

In the initial phase, when starting to plan the development of the new software, the
company checked whether it was possible to buy an off-the-shelf system, an easy-to-
use program that would facilitate the required flow of communication, related to
stowage planning processes, between the personnel aboard the ships and the operat-
ors on land. The Othello software did not meet the new requirements for facilitat-
ing the exchange of information needed by the operators and cargo brokers at the
company headquarters. Therefore, the company had to search, whether there was
an off-the-shelf software available, but no one had a ready-made software that we
could use. All three software vendors that were contacted claimed that their soft-

ware could be further developed.

5.4.2 Super Cargo

Since it would not be feasible for Othello, being a web-based system, to run efhi-
ciently on computers at sea, the company installed a different program, Super
Cargo, on computers on board, and users were reported to be rather satisfied with
it, although it had become increasingly outdated over the years. However, Super
Cargo was a system that was designed by one single developer, and without a
proper organisation behind it, which were regarded as a drawback, as it could pos-
sibly pose a vulnerability during support issues, and fell short when the company

decided to develop a new and modern stowage system. Sources in the company
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could tell that if there had been a proper software engineering company behind it,
they would most likely have opted for developing the Super Cargo-solution further,
since the maritime personnel knew it well, and were quite pleased with it to such an
extent that they did not initially wish to change software at all.”® However, the com-
pany turned down Super Cargo, and received a lot of criticism from the naval

personnel.

The company also communicated with a major software company in the US which
came to Norway to demonstrate their system. The program was regarded as suffi-
cient, but not very different from what they already had. The American software
company claimed they could develop it, but could not meet the Odfjell’s wish to
have a continuous partner during the development period as they were located in
the US. Instead, the choice of a software development partner fell on a local com-
pany, also being the same company that developed Othello, which meant that they
already had an extended understanding of the specifics of the legislative framework
that regulate the process of transportation chemicals at sea. However, due to the
wide acceptance of, and also satisfaction with Super Cargo among the important
user group consisting of the maritime personnel, it was decided to transfer what
had shown to be the important functionality in Super Cargo to the new system,

ORCA.

23. Comments from maritime personnel. see ch. 5.1 - Planning the new system.
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Figure 12. The main user interface in Super Cargo.

5.5 Goals for developing the software

The motivation for developing the software came from within the organisation. They
decided early in 2011 to develop a new ICT platform in order to provide one com-
mon software solution to support Odfjell’s commercial shipping activities onshore as
well as on board the vessels. The new stowage software, named ORCA (Odfjell
Resource Control Application), is part of that platform. The new system was meant
to support a new workflow, allowing the operator on land and the shipboard officer
to work on the same stowage plan with the same software. This development period
lasted from late 2011 to early 2013. From the very beginning, the company vision
was to facilitate a high degree of user centredness, and the key personnel within the
company discussed what would be the most important requirements for the new

software they were about to develop, such as support for an ‘intuitive’ workflow for
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skilled users, and allowing operators on land and officers at sea to work on the same

stowage plan with the same software.

An additional motivation for creating a new system was that the old one had
become slow and outdated. Also, they were about to replace their business system,
which would render the stowage system they had, obsolete. So, in deciding on
building a new system the question was: should they change and adapt what they
already had, which was old, slow and a bit dull. Or should they buy something
new? They decided to go for a new system, and to buy off-the-shelf software. The

‘project owner’, says:
y

“We made a list of experiences—both positive and negative aspects, and so
we made a requirement specification that was relatively little detail. And so
we sent it out to three companies that have made stowage system earlier.
And then it turned out that there was no off the shelf we could buy, we had

to develop it ourselves.’

In an interview, the ‘project owner’ stated that ‘... one of the goals for developing
the system was that it should facilitate communication between operators on land
and the personnel at sea’. The intention behind the development of the previous
system, Othello, when it was created, was that it should have been implemented
onboard the ships as well as at the headquarters on land, but that turned out rather
difficult, and so difficult that they probably would never have been able to do so. It
simply turned out to be too complex and cumbersome. According to the project
owner, Othello was a system where it seemed as if they had utilised the existing
technology at the time to its limits, and, maybe even a bit more than what it was
made up to do. So, creating a system that would be able to provide for the commu-
nication between personnel on land and at sea, was quite an important issue, when
planning the development of the new ORCA system. The ‘project owner’ also

stated that ‘we had never been able to install Othello on board the ships today, so
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we had to do something else. The actual stowage is one of the most important

things done on board.’

When Othello was made, it was the first time anyone had made that kind of sys-
tem. The task of a system like this is to simplify a rather complex job onboard.
According to the current project owner, the development of Othello suffered a bit
from a ‘nice-to-have” approach; where lots of features appeared little by little, and
one had perhaps not quite such a clear vision of what they wanted the software to

do. The ‘project owner’ stated that

‘we fumbled a bit in the dark. So we invented the wheel once again, and
while we did, lots of nice features appeared; features that were never used.
You may very well call it “scope creep”, because that’s what happened. Now
we know what we want. We know what worked and what did not. So, in
that respect we have been better off this time, since we can draw on prior

experiences.’

The initial underlying vision for this software development project was that systems
should be immediate and self-explanatory for the skilled users that are going to

operate it on a regular daily basis.

From the company’s annual report from 2011, we are informed that:

‘Fleet composition, fleet scheduling and optimal vessel utilisation are thus
critical success factors. Flexibility and interchangeability of ships between
geographical areas and trade lanes are an integral part of Odfjell’s business
model, and are facilitated by our large and diversified fleet.” (Odfjell Tankers
Annual Report, 2011).**

The company decided in early 2011 to develop a new ICT platform in order to

provide one common software solution to support Odfjell’s commercial shipping

24. http://www.odfjell.com/InvestorRelations/AnnualReportsAndPresentations/Documents/
ODFJELL%20Annual%20Report%202012%20NY%20Final.pdf. Accessed: 17.10.2014
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activities onshore as well as on board the vessels. The new stowage software, named

ORCA, that makes up this case, will be a part of that platform.

During the last eleven years they have based their daily stowage operations on one
specific application, Othello, which, although sophisticated, contained features that
were rarely used, and in principle just made it more complex and slow to work
with. In addition, it was intended for both vessels and operators on land, but was
never implemented on the vessels, which in turn added even more to the logistical
complexity of managing the stowage processes, as they had to run various stowage
simulator systems on board, thus needing parallel systems, not directly communic-

ating with each other, in order to complete regular stowage processes.

The new stowage tool, ORCA, was intended to support a new workflow, allowing
the operator on land and the shipboard officer to work on the same stowage plan
with the same software. This software was developed from late 2011 to mid-2013.
From the very beginning, the company vision was to facilitate for a high degree user

centredness.

The company developed a Vision Scope document for the project, describing the
requirements and features of the future stowage software, stating that the new soft-
ware, apart from assisting the personnel in obtaining the highest possible vessel util-
isation, and ensure high quality stowage, should be flexible and user-friendly and
also adapt to organisational changes. In addition, the system should enhance proper
communication and contribute to better collaboration regarding stowage-related
issues. It should be flexible in regard to both existing and upcoming limitations and
opportunities that will influence the stowage of vessels and finally assist users in fur-
ther developing skills and knowledge of stowing chemical tankers. (ORCA Vision

Scope document, unpublished)

Functional requirements of the system include:
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Importing information from IMOS” voyage plans, including

Voyage Itinerary

Cargo information (volumes, options, etc.)

Making stowage plans, including alternatives

Checking stowage restrictions and the possibility to overrule violated restrictions
Trim, list and draft calculations

Generating suggestions for tank selection for cargoes

Transfer of stowage plans between office and vessels

Stowage tool to be available on both Odfjell owned and T/C vessels
Maintaining all basic data to be able to operate independently

from other systems

(ORCA Vision Scope document, p. 5, unpublished)

At the start of this project, the key players within the company discussed what
might be the most important requirements for the new software they were about to
develop. Focusing on the users, they established a set of principles that should
ensure, as much as possible, acceptance of the software in the user group. The main

super-user in the core team described the initial setting as:

‘Would the users accept the program? This was the first and largest require-
ment, it had to be user-friendly. We had to have the users in mind. The first
thing we looked at was what the screens should look like; how the informa-
tion that users should work should be presented. What we did was to
combine the two programs we already knew and used, Othello and Super
Cargo. We had already used Othello for over ten years and knew it well,

while Super Cargo was the system that was used onboard the ships.’

So then we involved representatives from the maritime personnel, who had used
Super Cargo and knew it well, and a group from the office who knew Othello, and,
without hurrying the process, discussed various solutions with them before we

decided who should actually deliver the system.

25. Institute of Maritime Operations and Systems
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5.6 Chapter summary

This chapter has presented the case of the shipping company and the rationale of
the design and use of a new stowage planning software. It has described the case
study of a top-down initiated, user/expert driven development of a vocational
information system for stowage planning, characterised by continuous and extens-
ive, bottom-up, communication between developers and users, with developers co-

locating with the users on a long-term basis.

129



Chapter 5 - Case - design and use of stowage planning software in a shipping company

130



Chapter 6 - Design, development and participation

CHAPTER 6.

Design, development and participation

This chapter presents, analyses and discusses the part of the material that is related

to design and user participation in the development process of the ORCA system.

This thesis did intend to explore aspects of intuitiveness in graphical user interfaces
(GUI) with an activity theoretical approach, primarily from a use perspective. How-
ever, it became clear that how intuitive interaction can be designed would be an

important question. Thus, how such software ought to be designed had to be

included.

In this chapter the initial planning, design and development of the ORCA software
are presented. It describes the assembly and organisation of the core team, from
choosing the participants to the co-location of the development team, in addition
to the decision process and the underlying vision for how to transfer a set of voca-

tional best practices into a best practice supporting software.

The pioneering Scandinavian participatory design discourse was initially focused on
the social and political transformation of working conditions, also an increased
influence by workers regarding introduction of computer technology at the work-
place was incorporated (Bansler and Havn, 1994; Bjerknes and Bratteteig, 1987;

Bjerknes and Bratteteig, 1995; Bratteteig and Wagner, 2014; Ehn, 1993; Greenbaum
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and Kyng, 1991; Nygaard, 1979; Schuler and Namioka, 1993; Simonsen and
Robertson, 2017).

‘Mutual learning’ is among the basic characteristics of participatory design, repres-
enting a procedure where all parties, including developers and users cooperate in
sharing the adequate amount of knowledge in order to understand each other’s
approaches when developing a future IT system (Bratteteig et al., 2013). Therefore,
even though the main focus in this thesis is about the research and discussion of the
foundation for the perception of intuitive interaction when doing work through
mediated artefacts like a user interface on a computer screen, parts of the contribu-
tion lies in the discussion of the methods and approach of design and development.
Particular attention is paid to the level and character of the physical proximity
between users and developers. The analysis for patterns in organisational structure,
and the discussion of the formal and informal knowledge exchange of the mutual

learning process, as it unfolded during the development period, has also been previ-

ously published in Bakke and Bratteteig (2015).

Before the 2000s, there was no planning software for stowing chemical tankers
available that suited the company, who wanted to utilise the expertise of their
experienced personnel. All stowage plans were made with pen and paper, which
required a particular set of skills, acquired by years of training, as freight planning
operators or, preferably, as ship officers. Making one single stowage plan for a ship
could take hours while the need for working with multiple stowage plans rose as the
demand for efficient and economic utilisation of ship resources increased. The com-
pany management realised the need for electronic stowage planning, and started to
look at various electronic devices for stowage control in the early 2000s. At the

University of Delft in the Netherlands, as a part of a master thesis, it had been
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developed a prototype of a stowage planning system, JoStow,”* for a competing
company, who wanted Odfjell Tankers to join. However, the Delft-system was a
fully automated system where the operator just had to input the list of loads and
then the system would produce as many stowage propositions as the operator
would request. The company assessed that system, but came to the conclusion that
it did not, in a sufficient manner, utilise the expertise of the operators on land nor
the competence of the naval personnel. Neither would it take into account the con-
straints of the load order of the cargo, the trim” of the vessel and other aspects of
importance during the stowage process of a chemical tanker. Therefore, the Delft
approach was abandoned rather quickly, and instead the company agreed to cooper-
ate with a competitor, to develop a set of requirements for a stowage system. This
set of requirements, a 600-page report, eventually became Othello, which today, is

the previous stowage system used by the company’s operators on land.

6.1 Planning the new system

There will always be some processes that are more important than others when
planning to change or replace large technical systems, perhaps especially in tech-
nical development projects involving humans and human agency. It is precisely in
the meeting, or the interaction, between humans and technology, that it is mean-

ingful to discuss human agency through the intuitive use of user interfaces.

It was an explicit objective from the start that the system should be very user-

friendly, almost self-explanatory. This would preclude the need for a lengthy train-

26. M. de Bruijn. (2001) JoStow: a decision support system for stowage planning of chemical tankers. Masters thesis,
Report 96.3.LT.4729, Transport Technology, Logistic Engineering.

27. The vessel’s position in the water. See marking no.[5] in figure 14, p. 135.
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ing period. The idea was that users should be almost immediately operative. User
gp y op

participation in the development period was seen as a necessity.

During the initial and early phases, the company ran two user surveys, one during
startup, and one a bit later when the project was up and running. These surveys
were directed towards regular users. Further in the development process they ran
workshops to find out what the users really wanted and which task supporting fun-
ctionality would be optimally preferable. These workshops made it possible to
involve a rather large group of people, both in order to collect as much first-hand
stowage process competence as possible, but also to sort out disagreements, since
there are two main groups of users, the nautical personnel and the cargo brokers on

shore.

Figure 13. The first iteration of the tank plan in ORCA showing the main screen elements in the user
interface: the main tank plan (1), the rotation list (2), the cargo list (3), and cargo detail/ship info (4).
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Figure 14. The last iteration of the tank plan in the final release of ORCA. Although metaphorically
matured, it has kept the main functionality from the first iteration: the main tank plan (1), the rota-
tion list (1), the operation list (2) are all in the same screen area of the screen. The screen elements
called cargo details and ship info have been collected and recategorised into ‘ship utilisation’ (4). The
new element is Trim & List; visualising the balance of the vessel in the water, based on tank fillings (5).

Some visual details have undergone slight changes, and some small portion of the
information that is in there, changed a slightly, but the main principles that the
company decided early on, that is, of making the ORCA system as user-friendly
and task familiar as possible, would be the same. In an early interview, the project

manager explained:

‘As project manager, and project owner, I was very concerned that a good
user experience should be our final state. And that the specification for that
had to be defined well in advance. We have not defined success criteria yet,
considering how quickly the system should respond and stuff like that, but
we focus strongly on it. So—the user experience has really been a driving
force. We, and also the developers, have been very focused, and aware of this

being the user’s system.’
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The main view or vision that reflected the developers and stakeholders in the case
study was that a specific work task-related software should reflect the profession-
and field-specific discourse it was going to support, i.e. if one already knows a pro-
fession and its work processes, one should be able to operate the supporting soft-
ware without the need for longitudinal tutorials. Thus, the new program would
show the same parameters and elements, loading list and rotation list, regardless of
whether the plan was made in Norway or Dubai or wherever, and the crew should
be able to stow cargo immediately. In e.g. Super Cargo everything, including the
entering of loads into the system, had to be done manually. The users even had to
determine which controls the program should enforce. In the new system, the cat-
egories and type of controls it should enforce and categories of functionality it

should offer would be done automatically.

The company had to overcome scepticism from the users, who were critical to
change something they already knew well. Especially from the maritime personnel,
who had to abandon Othello early on because of Othello’s complexity made it use-
less with demanding requirements regarding technical infrastructure. Instead, they
used the simpler and technology efficient Super Cargo software on board the ships,
with which they had grown accustomed to, and liked. Now, they were anticipating
new and complicated software tools with steep learning curves, and it would take
some time, arguing and explaining, and a period of doing presentations of what the
new system could do and how to be approached, task flow-wise, until their opinion

changed. One of the core team members recalls:

‘From the maritime personnel we really got a lot of criticism. With phrases
like “Don’t mess with Super Cargo”, and “Don’t make another portlog”, for
example. We'd previously worked on a portlog system, which did not work
properly. They were also terrified of getting anything like what we had in the
office, like Othello. Eventually, when we finally got the project going, and
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they were presented for what we really worked on, the “naval” opinion

against what we were doing turned’.

Interviews with management and members of the core team revealed that it had
become clear to the company that they needed a new system in order to streamline
the port stays. In Houston, for instance, there could up to 15 berths on one port
stay. It is a puzzle, which includes many parameters. When a ship is finished at a
pier and going to the next, there might be another boat at that pier, leading to
either an extended stay, or a forced change of plans. It is in order to make the plan-
ning procedure easier that the company chose to develop a new planning system, to
replace the old system, Othello, that ended up becoming too complex and time

consuming, and subsequently became an additional burden in the daily work tasks.

The project manager during the development of the previous system, and present

management representative explains:

"Summing up, we might say that the essential difference between Othello
and ORCA, is that it looks simpler. Kind of iPad-like. You do not need as
much training in how to use it. It is more graphical. Othello was also graph-

ical, but the users had to understand a lot prior to operating it.’

6.1.1 Early phase

During the initiation phase that preceded the actual software development period,
and in deciding what to develop, a group of five Odfjell employees arranged a pro-
ject workshop at a secluded place in the Norwegian mountains. Here, they stayed
all together, and in three intense and focused days with discussion and working
‘around the clock’, having dinners into the night, and eventually came up with the

main features of the system. The company’s main super-user said:

‘Many complex problems got disentangled up there. Many decisions were

made during these discussions. Most of them were mainly focused around
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Their initial main focus was the user interface. Which has led to the fact that the
screen elements from the first mockups is more or less identical to what it looks like
now. There have been some slight changes in user interface details, and some of the

information that is in there has been changed, but the main principles of function-

the user interface. Who is the user? How will the system be used? What

should we try to get it to look like?’

ality are the same. The project manager for the ORCA project says:

One of the aspects used as a starting point was the very program that had been
implemented on the ships, Super Cargo, with which its users were very satisfied. It
became a natural way to look in order to bring some of what the Super Cargo-users
regarded as user-friendliness, e.g. the abstracted tank plan representing the ship in

the user interface in ‘Super Cargo’, as shown in figure 12, p. 124, that became the

‘As a project manager I was very concerned that a good user experience
should be the final state of the software. This must be defined in advance.
We have not yet defined what should be the criteria for success, regarding
the speed and responsiveness of the system, but we focus strongly on this as-
pect. So, the user experience has really been a driving force in the process.
We are very aware of the fact that this is the user’s system. [...] In the first
phase, before the software company was even involved, when we went
through the requests, and made a specification list, we were one project

manager, a guy from IT, and four from the user group, I think.

I have been 100% occupied by the project which, among other things, in-
cludes attending daily scrum meetings. The I'T department provides techno-

logical resources when needed.’

tank plan in ORCA, shown in figure 40, p. 197.
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6.2 Designing relations
Findings from interviews with the project owner, super-user, and development
team, describes how the core team: personnel from Odfjell and the developers have

participated and co-operated in the development work.

“When we started the project, it was in addition to me as a project manager,
there was one representative from the I'T department, a super user using rep-
resenting the users from the company headquarters, and one officer repres-
enting the naval personnel. They were all involved because of their experi-

ence and expertise. My job was coordinating this.’

(from interview with the project manager/project owner)

The team from the software company comprised three developers plus a project
manager/SCRUM master that was staffed up with additional people when needed.
None of the developers had worked with stowage systems before, but, since it was
the same company that also developed the system that was to be replaced, Othello,
the developer team was extended by a quality controller who had worked with the

development of the old system when needed.

During the first phase, the users were very much involved in presenting ideas and
suggestions for different functions, drop-down menus, the way it might look, what
they need on board. When things grew complicated, they resorted to doing work-
shops in order to define what the users really wanted and the optimal kind of inter-
action patterns in given situations. By running workshops like these, they managed

to engage a large group of people in-house.

Three naval officers were involved from the start. From them, the developers
received some initial comments on e.g. procedures. They were also involved in the
preliminary project, when they ran the initial workshop, discussing user interfaces

and which features were adamant to include. The group of naval personnel was act-
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ively involved in the pilot phase, but not to the same extent in the implementation
phase. Brief clarifications in advance were gathered by sending user surveys to the
two main groups of naval users, the ship operators and chief officers, by that man-
aging to engage these groups as well, in spite of not being present at the company

headquarters.

One special aspect of this particular development process was the role of the com-
pany’s main super-user. With his long and extensive experience, both as a naval
officer and later cargo broker on shore, he was the company’s most experienced
employee. His experience and competence gave him the role as an intermediary
between users, company management and developers. While using the old system,
Othello, the users could contact him as immediate support when encountering

difficulties, which quite a number of users did. The super-users stated:

‘We have had many problems with Othello, and there are many users who

eventually gave up using it.’

When the new system was planned, it quickly became clear that the users

had to be a part of the development team.

About having direct access to skilled workers, the head of the development team

said:

‘What's so special about this project is that we know the users extremely
well, since we are here, in the same place. We can identify the users and talk
with them, and identify expertise. [...] We have rather strong users. They
have extensive experience with the process, and we don’t know how it works
(yet). We have people, super-users, to help, telling us what is important. Oc-
casionally, when a user says that he wants it and that, we can, if uncertain,
check with the super-user. And then we can discuss with the users and the

project owner.
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During a longitudinal software development period, the internal processes and pro-
cedures might drift. After the system were released, and implemented in the organ-
isation and during implementation on the ships, the head of the development team

reflected over the agile character of user participation.

‘It has been almost as agile rendering some of the sprint reviews unnecessary.
Everyone knew what was implemented in the release anyway, so those who
tested the build, plus product owner knew what was in the sprint and what
was clear and what was not clear. It was more like information to the other

stakeholders who did not follow the project that closely.’

Even if regular users were included early on, the main pattern of the process was
that they were represented by the super-user. Most of the regular users that were
participating were just present at the sprint demos and communicated their ideas
and wishes through the super-user. According to the head of the development team,
it was the main super-user who really influenced the development during a sprint.

He said:

“It’s good to get feedback on a sprint demo, but it is even better to get feed-
back during the process, while you work, and it was in this regard the main
super-user was important. He was involved in conveying single features
from the users at ‘the broker floor’ when they came up. A bit like ‘what
should we do next? And how.’

In addition, there were a number of naval officers involved from day one. In the
beginning, they were three officers. From them the development team received early
comments. They were also involved in the preliminary project, and participated in
the early workshops, which worked as a forum for discussing user interfaces and what
features was mandatory to include. The naval part of the group was actively involved

in the pilot phase, but not so much when the implementation phase started.

In the pilot phase, the naval group sent the same type of comments as the main

super-user, but from the ‘seaside’ approach, and a bit later than the participating
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operators on land. The leader of the development team said they did not want to
send a product to the ships that were not good enough, or too unfinished, and then
get bad feedback later. Therefore, they did one round with testing among operators
on land first, before testing it among the naval personnel, with another round of

feedback, changes and improvements.

A management representative described, related to the new focus on user involve-
ment that the biggest difference between the development process for the old sys-
tem, Othello, and the new system, ORCA, lied in the actual location of the

developers.

‘Just the awareness of them sitting on the same floor ... the operators know
that the guys in the room on the other side of the wall are working on ‘their’
new stowage system, makes it so much more real, instead of the abstract no-
tion that “someone out there” is making a new program. Actually, I think

that made a certain impact.’

He further describes that although they did not have a clear requirement specifica-
tion, they did have a clarification of the expectations, especially by the personnel
from the ships, and by the ‘nautical personnel’ at company headquarters, in addi-
tion to ship management. This led the base of user representatives to being quite
extensive. According to him, in its inception it was even more extensive in the
ORCA project than the Othello project. Also, during the Othello process, they
relied on the requirement specification that was developed by a management con-

sulting firm.

6.2.1 Common goals and visions

In this project, the primary goal focused on developing what they called ‘a user’s
system’, meaning that their main focus was a heightened user experience. The users
were included from the very beginning through both formal and informal commu-

nication. A group of people was formally picked to contribute to the development,
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but the initial brainstorming session had the rather informal character of a moun-
tain summer trip. Other techniques for collaboration included mail, from officers at
sea, and mail correspondence between regular users and the super-user, and face-to-
face meetings between super-user and the developer team about functionality and

interface issues.

There had been some signs of discontent with the previous system, and it was
important for the company that input from the users were taken care of in a differ-
ent manner than what had been the case during the development project of the pre-
vious software. During the last eleven years, they have based their daily stowage
operations on one specific application: Othello, that, although sophisticated, con-
tained features that were rarely used, and in principle just made it more complex
and slow to work with. The character of co-location experienced in the ORCA pro-
ject is contrasted with the development of the Othello system, in which the soft-
ware company did not co-locate. The Othello Project was met a great deal of resist-
ance, with heated discussions among the group of people involved in the develop-
ment of the software, and the operators that were going to use it. During the
Othello development period, the management struggled in convincing people to

‘accept’ what they were about to design.

This time, both the management and the users wished to develop a software system
that would support the natural task flow of how humans would stow a ship, mean-
ing that operators with experiential skills in stowage processes should be able to
understand how to use the system without the presence of [influential] breakdowns.

The project manager and -owner explained:

‘Our intention with developing with the use of the software was, if you
know how to stow a chemical tanker, you should, intuitively, understand
how the system works. If you do not know how to stow a chemical tanker,

then you don't have the experiential knowledge of using the system. Experi-
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enced personnel should not need long training. The system should be

intuitive.’
Securing the transfer of vocational experience, from the experienced operators, to
the developers of the software, and ensuring that the design choices were grounded
within the user group was achieved by co-location. The first central design decisions
were made by a core team of hand-picked, particularly skilled, employees and the
project management, already in the pre-study period. This decision-making helped
establish a common goal that remained unchanged throughout the process with just
minor changes. This concurs with Bratteteig and Wagner’s discussion of participa-
tion in decisions, where a project leader and his core team make the decisions, but

based on design suggestions by the users and best practice (Bratteteig and Wagner,

2014, pp. 99-104).

A small detail showing an early categorisation mistake in the screen element repres-
enting the rotation list (2) in fig. 13, p. 134. It was initially, and wrongly, named
port rotation, which is a term for rotating the berths in one single port. ‘Port rota-
tion’ would, perhaps, not have been an illogical term for an unskilled cargo broker/
operator such as a software developer. In the released version, shown in fig. 14, p.

135, this was corrected.

6.2.2 Organisational and procedural structure of participation

As described in ch. 6.1, the users were extensively involved during the first period
but later it was noted that too many user participants could cause the development
process to be unclear and messy. This is analogously described by Brooks (1975).
Resolution of this problem was done by running user surveys and conduct what the
core team labelled back-on-track workshops employing a bigger group of people
than would be practical for regular development work. Running these surveys and

workshops engaged a large group of people in a controlled manner. The surveys
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provided brief clarifications while the workshops brought out the engagement
within the user group and gave the users an outlet to present ideas and suggestions

to different functions or menus and how it could possibly look.

Project Council
(OT & UC)

Project Manager

(OT)
I I
System Operation End Users SCRUM Master Special Advisor
(OT) (OT) (Uc) ] (uc)
QA Consultant
(Uc)
Developers Architecture Sup-
(UC) port (UC) Testers (UC)

Figure 15. The project’s formal organisation in three main levels, with a project council, consisting of
employees from the company (OT) and the developers (UC). OT= Odfjell Tankers; UC= Umoe
Consulting.

Figure 15 shows the project’s formal organisation in three main levels, with a project
council, consisting of employees from the company (OT) and the developers (UC)
directly connecting with end users and system operation (super-user). We also see
the SCRUM Master/Head of the developer team operated as a gatekeeper for the
user participants’ possibilities for communication with the developers. The
developer team was, however, located in within a minute walking distance, the
communication between the project manager and main super-user was informal,

continuous and direct.

For employing an agile development method, the mixture of formal organisational

structure and informal knowledge exchange and creation seemed well suited. In

145



Chapter 6 - Design, development and participation

addition, development processes where so much emphasis had been directed
towards the users, SCRUM, as an agile development method was well suited for
encompassing the informal liaison between developers and users. Feedback received
by the developers from the users during a Sprint could take on a rather informal
character but this was not the case regarding all information exchange. After the
iterations, there would be a sprint review, a sprint retrospective, and a sprint plann-
ing. Also, the workshops, where the theme would be certain specifics, would, to

some extent, have a formal character.

The development process was described as extremely agile after the system was
released and implementation on the ships had begun. Agile to the extent that parts
of the Sprint reviews were considered unnecessary as everyone already knew what
was in the release through the continuous presence of the development team. The
developer team got continuous feedback, from all participant users, from the regu-

lar users to the main super user, during the process.

Salient in the project was a strong focus on mutual learning, knowing its outcome
would rely on a shared, easy access to the discourse of the field (Bjerknes and Brat-
teteig, 1987; Badker et al., 1987) through being close together, side by side, meeting
each other several times a day by the coffee machine, or for lunch, or simply by
being in the same place—mutual learning by walking around—which provided a

window of opportunity to exchange knowledge both formally and informally.
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From project owner
to Superuser

Figure 16. Information flow and direction between the members of the core team, including the user
participants. This figure aims to visualise, also, to which extent the company’s utilisation of the one
person in the company with the most extended experience as operator/cargo broker/maritime per-
sonnel — the super-user, and how most decisions were channelled through or in different ways super-
vised by him.

6.2.3 Accountability and task distribution

In this project, the responsibility of giving the developers a certain direction was
divided between the project owner and the super-user. Apart from project owner
providing regular interests and input of software functionality, the super user was
influential in giving the developers a guide and determining the vocational specifics

that needed to be inclusive in the release.

In this thesis, the term ‘accountability’ is referring to the fact that the users and
developers collaborated so close, for sake of the program’s clarity and user-friendli-
ness. In an interview, the project manager for the development of the previous sys-

tem, who is the present management representative, said:

“The fact that the developers are sitting here, on this floor, makes the operators

aware that the guys in the room next door develop the new stowage planning sys-
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tem. Instead of the rather abstract “Somebody out there is working on a program

for us”, it becomes much more concrete.’

During the ORCA system development, the users were well informed that the
developers were sitting right next door working on a new stowage system for them.
Seemingly, this sense of awareness managed to make the project more immediate
and real contrary to the conception that an ‘unknown’ group, somewhere, is mak-
ing a new program. Both developers and users expressed that this reciprocal
accountability made an impact on the knowledge exchange that occurred during
the development process making it possible for them to develop an explicit require-
ment specification and rely on communication for clarifying the expectations. The
ship management and the personnel from the vessel and maritime personnel made
their expectations clear from the start. The user representative base was extensive,
and in its inception it was more extensive in the ORCA project in comparison to
the Othello project. During the development process of Othello, the company
based the development on a requirement specification developed by a management
consulting company contrary to the workshops and dialogues between involved

parties in the case of ORCA.

This proximity made the software development team look like colleagues and the
fact that they could bump into regular users on their way to the coffee and lunch
breaks, brought the sense of being accountable for choices made during the devel-
opment phase and for the contribution in the process of empowering the user with

a good tool.

6.2.4 Choosing user participants

One important aspect of user participation is the choice of contributors. The com-
pany is a large entity in the field and so had access to user participants with previ-

ous experience, being operators with substantial expertise, also with previous naut-
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ical experience. First the super-user was directed into an active role. According to
company management, his role during the development of the ORCA system has
been very important, being not only interested in taking part in the development
but also in the educational aspects of implementing the new software, besides hav-
ing very strong opinions about how the software should work and operate. As a
long-term employee, he also knew the former system, Othello, and was very

involved in improving it from a rather difficult start.

After such an extensive initial contact with users that continued while being co-loc-
ated, the development team reported a clear vision of the system being as easy to
learn and work with as possible; looking at aspects that could simplify the process
and make it intuitive to operate the program. The head of the development team

said:

We know that if the process is simple and intuitive, users will enjoy working
with the program, and then it might be a success. So, it has to be easy to
use. Although the process can be a bit complicated because the business lo-
gic underneath is a bit complicated. That must not be visible to the user.

And that could be a challenge for us.
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6.2.5 Co-location of the development team

In participatory design, mutual learning is discussed as a key aspect. Developers
should learn from users about their needs and wishes for a new solution, but users
should also learn about technical possibilities so that they can participate in gener-
ating design ideas. The main aspect of mutual learning is the dynamics of reciprocal
exchanging knowledge in action; i.e. dynamically, through the entire design process
as a kind of ‘ebb and flow’ movement influencing the users as the process unfolds,

something that cannot be replaced by a static requirement specification in advance

(Bratteteig et al., 2013).

Figure 17. Proximity between users and the core team: developers and users located on the same floor.
The development team, in the blue zone (1). The operators/cargo brokers in the red zone (2), project
owner, (3), management representative, (4), super-user (5), expert user (6), and coffee machine (7).

By being co-located as if they were colleagues, sitting next to each other, ‘only a
coffee machine trip away’, the designers were allowed to seamlessly tap into the

rightmost levels in figure 18 of what is presented as ‘expertise’ and ‘use of tools’-
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levels by Mohs et al. (2006a), resembling Dreyfus and Dreyfus’ ‘competent’, ‘profi-
cient’ and ‘expert’-levels (Dreyfus and Dreyfus, 1986), situated in the levels of
domain-specific and task expertise area (Popovic, 2000) of Simon’s knowledge

repository (Simon, 1955).

Novice Expert
Novice Advanced beginner Competent Proficient + Expert | [1]
Innate Sense experience Culture Expertise Use of tools [2]
Degree of specialisation [2]

Domain-Specific Knowledge 3]

Eie e FeE Task Experience and Expertise

Knowledge Pattern Repository [4]

Figure 18. Levels of knowledge in the expert-novice continuum presented in figure 7 consisting of cat-
egory sources by Mohs et al. [2] (2006a), adapted by including Dreyfus and Dreyfus’ skill acquisition
categories [1], and the featuring categories by Popovic [3], shown in table 1, p. 71 (Popovic, 2000),
and adding Simon’s [4] concept of a knowledge repository (Simon, 1955), in relation to the aspect of
development over time.

A main characteristic of the software development process, from a participatory
design approach, is that the software developers and the users moved in and stayed
together from the conceptual model phase until the end of the implementation per-
iod almost two years later when operators in both HQ on land and ship officers
started to use it full scale. Bringing users and developers together is not a new or
revolutionising move within software engineering or development processes related
to technical innovation. There are, however, aspects of this kind of co-location,
related to the level of the proximity and co-operation that are interesting to explore.
The previous system was developed in a traditional user-developer setting, where
the developers did not co-locate but were remotely situated; which is in contrast to

the dynamics experienced by the co-location of the developer team in this project.

Additionally, the reason for the joint decision to co-locate, was to obtain a certain
degree of informal information exchange. The two super-users in the core team

were present in the proximity and could continuously check the iterations for errors
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and give immediate, face-to-face feedback. This facilitated instantaneous, informal
feedback, both ways. The main super-user had his own office and ’expert user’
worked on the ‘operator floor’. This is important since there is a vast body of experi-
ence and competence continuously accessible for the developers, giving the project
an agile approach. The co-location arrangement was continuous for the whole
development period. This development pattern turned out to be so agile and with
such efficiency that the development team could skip some weekly project update

meetings.

One of the developers talked about the possible impact of sitting so close to the
future users, he underscored the convenience of being able to just walk into the
room next door, to the users. With an expressed proximity like this, a developer can
receive immediate answers on the questions he might have, without having to wait

for any significant amount of time. In an interview, he said:

‘For our part, this has been positive. It is very convenient to be able to just
walk into the room next door, to the users. If I've got a question, I will most
likely get an answer right away. And if they’re not present at that specific
time; they could e.g. be in a meeting, then I haven’t spent that much time
anyway. There was some talk about moving us to a room down in the base-
ment, and then it would have taken me five minutes to go up to the operat-
ors, and if the person I need to speak to isn't there, I have to walk all the way
down again, and there are limits as to how many times you can bear to do
that every day. Then we would have ended up using the phone anyway, and

then there’s no point in sitting together, is there?’

According to the developers in the core team, this level of co-location, of sitting
among your users, did, continuously, remind them to make the software easy to
use. In addition, it made it easier for the project owner to work very closely with
the developers, and to come by often, i.e. several times a day. For the developers,

this way of co-operating seemed rather different from previous projects with which
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they had been involved, where they might have to write a list of questions or sug-
gestions and send it to the developers sitting somewhere else and get the answer

days later.

Figure 19. Pair programming and co-locating: developers, together, in the same room, room 1, on the
same floor, right next to the operators who reside on the other side of the far back wall to the right,
which corresponds to the dotted line on field 1 in the architect drawing in figure 17 on page 150.

By co-locating with the users, the developers had immediate access to information
related to the field and the users for which and whom they were developing the
support systems. However, this sense of being in the immediate vicinity could also,
potentially, be double-edged. The developers become equally accessible to the users,
and thus in a possibly vulnerable position, being interrupted at work. There are,
however, no findings in the empirical material that this aspect of being in the
immediate vicinity did pose any problems during the ORCA-project. In an inter-
view with the leader and scrum master of the development team, he explained how

they perceived this co-habited way of working:
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‘When the main super-user come by, we must always find time. We never
say no, even if we are busy. After all, we're here to work with them, so we
stop working, to answer their questions. Co-location is all about being avail-
able. It is not enough to sit in the same place. If you can't take the time to

answer questions on the spot, you lose the whole point of co-location.’

By always having to find time, using co-location as method shows how user parti-
cipants were prioritised; confirming co-location as a design method. The empirical
material suggests that a co-location context where mutual learning is facilitated
might be necessary for establishing a common understanding of how the workings
of a use-centred software system should be, by continuously sharing the knowledge
repository, build up over years of accumulated experience, as what Schon describes

Ce . . . . . L) b
as ‘intelligent practice as an application of knowledge to instrumental decisions

(Schén, 1983, p. 50).

Also, co-location of developers and designers, provides continuous access to skilled
workers” knowledge-in-action in a dynamic and reciprocal manner, and thus the
ability to inscribe how expert behaviour should be taken care of, into the system,
which could pave the way for experts to work in a way that they perceived as intuit-
ive and based on, specifically, craft-experience and action-experience, enabling
skilled workers to connect the abstracted, metaphorical and mediated user interface

to the experiential, physical and real (Bakke and Bratteteig, 2015).
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6.3 Report: ORCA installation and training on board vessel.

Location: port of Rotterdam, The Netherlands.

Date: December 9-10, 2013

The collection of empirical data had until the end of 2013 taken place at Odfjell’s
headquarters in Bergen. This, primarily qualitative, material consists of interviews
with users and super users, developers and project owners, together with observa-
tions of meetings between the developers, users, super users and owners. Also,
observations of course participants in a classroom situation—at a tutorial workshop,

were undertaken.

Empirical data collection from installation on board vessel

The super-user was the sole person within the company who installed and conduc-
ted training in the ORCA software on the vessels they operate. During this trip to
Rotterdam, the new system aboard would be installed onboard the ships, JB

Sapphire, a time-chartered vessel, and Bow Engineer, one of Odfjell’s own ships.
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The aim of the trip, in addition to installing the software onboard, was to provide

basic training for the captain and chief officer while loading and unloading cargo at

the Odfjell Terminal in the Port of Rotterdam, Netherlands.

Date: December 9, 2013.
Vessel: JB Sapphire. As a time-chartered boat, it was not among the prioritised ves-

sels scheduled for installation of the ORCA software.

The installation was done by installing on each vessel via a separate USB stick with
the program, which is uniquely marked for each ship. It is not distributed not via
the Internet for safety reasons, and not because time-chartered vessels do not share
online resources with the head office in Bergen. After a not entirely unproblematic
installation, Odfjell’s representative gave the boat captain an introduction of the
ORCA program. The training session was estimated to last approximately one hour
and was done by the super-user, who explained the most common and used func-
tions to the ship’s captain. We went through an old plan transmitted to ORCA. The
ship’s officer who was observing, commented: ‘It makes a lot of sense.” During the
training session, he believed that the program seemed logical and easy to under-
stand. The captain went through regular stowing procedures like loading, unload-
ing, split loads, editing port rotation, etc., through interacting with the mediated
tank elements in the software user interface, making himself acquainted with the
functionality and mediating tools provided by the software. He missed ‘his target’

on a couple of occasions, but still managed to achieve the given tasks.

The company’s super user showed a subtle, and a little cunning, detail in the soft-
ware that showed a technique for getting out of ‘frozen program’ situations; when
ORCA freezes, you can ‘grab’ the program window with the mouse or the touch
pad, and ‘shake’ it. The software would unfreeze and continue to run, without hav-

ing to reset the entire computer. There was a comment from the observing chief
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officer about the warning triangle that appears when you get a so-called soft rule
violation, which he claims should have been larger and more visible. He also men-

tioned that there should be possible to send emails directly from the program.

It is the chief officer’s first contact with this software, and he understands rather
quickly. The drag-and-drop functionality implemented in the software is known
from the operating systems and do not represent any ambiguities. Nor do other
interaction patterns that are recognisable through gradually accumulated knowledge
about ‘standardised’ interaction through graphical user interfaces, like mouse click-
ing on buttons, dragging of scroll bars, etc. The officer practices, on loading,
unloading and moving cargo. He gets into some slight trouble with an earlier tank
plan that is imprecisely marked, and not vacant after all, forcing him to stow the
cargo in a different, non-adjacent tank, an action that, seemingly, has little signific-
ance, and the overall perception during this observation of the operation of the pro-
gram is that it aligns with the experiential process of how an operator in Odfjell

would stow cargos.

Date: December 10, 2013.

Vessel: Bow Engineer. Vessel owned by Odfjell.
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Figure 20. Capacity plan, Bow Engineer.

The software has previously been installed, but has ‘stopped working’ and is out of
service due to the program being time-locked. For safety reasons the system must be
re-unlocked with updates within a certain time after updates are made. There are
two aspects connected to this procedure: in the case of theft, an un-updated pro-
gram will stop working some time after an update is made available, and it also
ensures that all units use the same updated software. Before a training session can

take place a board the ship, the software has to be upgraded.

Since there are several new officers on board, there is a plenary session on the ship
bridge where the program is demonstrated by showing a set of regular stowing
tasks, such as stowing a cargo by dragging its representation from the operation list
unto the main tank plan or rotations list, testing right-clicking on screen artefacts,
change rotation by moving ports or berths up or down in the rotations list, split-

unloading cargo destined for two berths or ports, and so on.

Figure 21. One-on-one teaching with the ship’s captain. The coloured fields in the user interface are
the abstracted tank elements in the main screen artefact, (see fig. 28, p. 178) for details.
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After the plenary session, a one-to-one training is scheduled. The ship’s captain has
seen the program before, but not received formal training. This session is therefore
more affected by the captain’s questions about things he is already wondering about

than first-time users training.

6.4 Discussion - development and participation

There was a need for software that could handle the complexity of stowing chemical
tankers, in a fashion that would be as self-explanatory as possible for experienced
users, i.e. operators who were skilled at planning the stowage of a vessel, prior to
using ORCA. The main view or vision that reflected the developers and stakehold-
ers was that a specialised software should reflect the professional and field specific
discourse it was going to support, that is, if you already know a profession and its
work processes, you should be able to operate the supporting software without the
need for longitudinal tutorials. The software had to be used both on land, in the
company HQ (operations), and on the bridge on all ships loading and unloading

cargo (fleet). This meant that the group of users would be skilled, but heterogenous.

The findings suggest that the proximity had an impact on the continuous know-
ledge exchange, the organisational structure and the experience of being account-
able in the software development process. Moreover, these elements of the software
development process influenced the quality of the end result by a constant commu-

nication of priorities and targets.

The empirical material shows that a co-location context where mutual learning is
facilitated might be necessary for establishing a common understanding of how the
workings of a use-centred software system should be, by continuously sharing the

knowledge pattern repository, build up over years of accumulated experience.
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As a result, the new stowage software utilises abstractions in the user interface that,
in short, are based entirely on previous practice. User participants have been
involved from the very beginning, drawing on experience from a very specific work
practice and environment, and also with an established division of work tasks, in

addition to ten years experience with the previous software.

This resulted in a set of specifications that relied solely on former practice—inten-
tion and action. On top of the user requirements list was ‘Good user experience/

friendliness’. The next important points on the list of requirements were

. Support ease of communication between Vessel — Operator
. Support ease of communication between Operator—Broker
. Emphasis on an intuitive Graphical User Interface (GUI)

During the development of the ORCA software, the users were aware that the
developers were sitting right next door, working on ‘their’ new stowage system.
According to the project manager, this awareness made the project more immediate
and real, rather than the kind of an abstract notion that someone is making a new
program. Both developers and users expressed that this reciprocal accountability
made an impact on the exchange of knowledge that took place during the develop-
ment process and made it possible for them not to develop an explicit, frozen,
requirement specification from the start but rely on continuous communication
with the users for clarifying the expectations. The mutual learning principle,
emphasise that all participants ‘are accounted for’, and that designers learn about
the vocational settings of use from the users, and that the users learn about techno-

logical possibilities and solutions from the designers (Bratteteig et al., 2013).

The ship management and the personnel from the ships and ‘nautical personnel’ at

company headquarters made their expectations clear from the start. The base of
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user representatives was quite extensive, in its inception it was more extensive in the
ORCA project than the Othello project. During the Othello process, the company
based the development on a requirement specification that was developed by a
management consulting firm, not on workshops and dialogue between the involved

parties as in the case of ORCA.

Findings presented in ch. 7.2, related to how operators do regular daily work, i.e.
accepting cargo, and making test stowage plans, suggest that the user interface
should be designed to support established workflows in a way that is based on
experiential knowledge stemming from participating users. One operator described,
e.g. the process of moving one cargo from one tank to another—a cargo transfer.
Instead of just dragging the cargo from one tank to another, as would have been the
logic, but unskilled thing to do. The correct process would be to first un-stow the
first tank and then re-stow the cargo in another tank. Leaning on this experiential
knowledge of previous actions from participant users, the system was instead
designed to prohibit a direct drag-and-drop between tanks, providing the un-stow/

re-stow procedure as default.

6.5 Chapter summary

In this chapter the initial planning, design and development of the ORCA software
have been presented. It has described the assembly and organisation of the core
team, from choosing the participants to the co-location of the development team,
in addition to the decision process and the underlying vision for how to transfer a
set of vocational best practices into a best practice supporting software. In this
chapter the particular attention that was paid to the level and character of the phys-

ical proximity between users and developers has been described, and the formal and
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informal knowledge exchange of the mutual learning process, as it unfolded during

the development period was analysed.

The analysis in this chapter suggested that this level of proximity in a user-developer
relationship could possibly lead to a system that would be instantly usable by skilled

users and easily learnt by novice users.
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CHAPTER 7.
Use of ORCA

This chapter analyses and discusses the part of the empirical material that is related
to the use of the ORCA software, by the operators at the company headquarters on
shore and the naval personnel, in their daily work of planning the stowage and
transportation of chemical fluids at sea and the observations relevant to the under-
standing of how skills and experience might influence their interaction with the
software. Included locations are field sites, of which the main site is the headquar-
ters in Bergen, Norway, and two of the ships and the ship bridges, during software
installations, and a brief introduction to the software among ship operating per-

sonnel, where the empirical investigation was conducted.

The discussion of use-activity in ORCA is structured following approximately the
order of basic principles of activity theory presented by Kaptelinin and Nardi
(2000). First presenting the operators general use-activity in the ORCA software
and the ORCA user interface, followed by situating the use-activity in ORCA
within the hierarchical structure of activity. Then, this is connected to a discussion
of specific actions and operations in the user interface, together with reflections
around the human-computer functional organ, and the perception of intuitive

interaction emerging from development and practice.
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In the following, the findings related to how regular, but skilled, operators are inter-
acting with the software tool is presented and discussed in relation to the hierarch-
ical structure of activity, transformations and aspects of development. Cargo
brokers on shore and maritime personnel on the vessels interact with the ORCA
software that is described in this dissertation. As presented in ch. 4, the empirical
material consists of interviews with and observations of operators on land. Inter-
views with and observations of personnel at sea were not possible as time, and geo-
graphical reasons, did not allow a stay on board from one harbour to another.
Therefore, data from the personnel at sea were collected through a simple survey.
Survey data does not provide the same depth of information as being present,
observing actual use-activity. It is only the users’ own descriptions of their own
impression of how they experience the interaction with the user interface in ORCA,
post factum. This is, however, an experienced user group, consisting of mainly cap-
tains and first mates, who have the necessary skills, i.e. tool- and task-related com-
petencies, to assess the opportunities and limitations inherent in the mediating tool,
required for the operator-ORCA constellation to work as what activity theory refers
to as a functional organ, becoming a part of what Kaptelinin describes as an exten-
sion of the internal plan of action (1995b, p. 51), (see chapter 2.5 - Functional
organ). Nevertheless, there is, admittedly, a significant degree of uncertainty, and
possible heuristic bias connected to the pattern arising from the answers, however
distinct, that it would be premature to conclude from these findings with anything

but uncertainty.

Previous research on intuitive interaction in interfaces (Blackler et al., 2005; Black-
ler et al., 2011; Hurtienne et al., 2008; Mohs et al., 2006b; Naumann et al., 2007)
has shown that the experience of recognising something as familiar is a decisive

factor in how people experience interactions in user interfaces. Perception is an
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inner, mental process related to the internal plane of action and is, as such, a part of

the processes that take place within the functional organ.

From the empirical material, it is problematic to be precise and specific on whether
a series of operations, seemingly performed intuitively, are perceived as one intuitive
whole as one action, or if the individual operations are perceived as serially intuit-
ive, i.e. intuitively one after another, as sequential operations. In practice, this may
not necessarily matter, since it, in this case—in the real world, is the sequence of
operations, and the perception of how it was undertaken which is at the centre of
the human-ORCA interaction, but theoretically, this may facilitate an interesting
discussion. For example, in an activity-theoretical approach, it may be significant as
to which level in the hierarchical structure of the activity the analysis relates, i.e.
whether a series of operations should be analysed as one [compound] action, at the
middle level, or if individual operations should be analysed separately, even if they
comprise one sequence, also in an example where the composite action has been
automated and transformed into an operation. That actions and operations can be
transformed, bi-directional; that an action can be automated into an operation or
that the conditions associated with an operation might change leading an operation
to become an action that is reflected over. This makes the distinction between oper-

ations and actions dynamic—and more complex.

This chapter structures the findings, analysis and discussion by the activity theoret-

ical core principles of activity in context as follows:

“The systemic analysis of human activity is an analysis of levels” (Leont'ev, 1974, p.
32). Thus, findings in the empirical material related to use-activity are discussed in

relation to levels, and the human-ORCA constellation as a functional organ.
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The orientation phase and the reciprocality of internalisation/externalisation process
in the human-computer constellation that is created as a functional organ: present-
ing the operator-ORCA as a functional organ and discussing the reciprocal process
of internalisation/externalisation that is perceived through the observation of

human use.

7.1 Use-activity of ORCA

The ORCA software allows an operator and shipboard management to work with
the same software and work on the same, and shared, stowage plans in managing
the logistical complexities of stowing chemical tankers. From an activity theoretical
approach, ORCA is the software that is the developmental result from the many
contradictions that occurred from the two previous systems. These systems, Othello
and SuperCargo, were misaligned related to each other, as the Othello software was
used at the company headquarters while the Super Cargo program was used on
board the ships, without the operators on land and the maritime personnel being
able to work on the same stowage plan simultaneously (see chapter 5.4, p. 120).
Assessed according to Engestrom’s three variables for assessing development:
destruction of the previous, development as a collective transformation, and hori-
zontal development encompassing several activity systems (Engestrom, 1996), the

design of ORCA representing the hitherto ‘maximum’ level of expertise.

During observations, operators test and simulate stowage procedures, and mentally
evaluate a variety of patterns to stow the cargoes on a chemical tanker. The software
is designed for operators to be able to mediate this internalisation process by extern-
alising the ideas and possibilities, they virtually tested in the mind, by the operation
of screen elements in the user interface. These evaluations, that are done on the

internal plane, are rooted in the real, external world and grounded in experience,
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which links user-interface mediation to an experience-based interaction with the
user-interface through the activity theoretical notion of internalisation and external-
isation. This would also, in return, transform and, over time (see fig. 62, p. 237),
further develop the operator into a higher skill level as the internalisation/external-

isation process unfolds (Kuutti, 1995; Leont'ev, 1974).

While being aware of being watched, the operators comment on use-activities, dur-
ing the interaction with the user interface, and dialectically verbalising their opera-
tions, reflecting over how tasks are solved by human-ORCA interaction. Affected by
feedback from the user interface, the interaction has the character of being a dialect-

ical, contextual, reflective process (numbers [x] relate to numbers in figure 22, p.

168):

I have to decide which of the tanks the 1500 m3 [cargo] will be unloaded
from. Then I have to drag ‘this’ into the tank [2] operator pulling a cargo
unloading order, from the Operation list and up to the tank containing that
cargo [that is ready for unloading] to show that she unload it from that
[specific] tank [3]. This is So, when I arrive at Santos [4] the rest will be un-
loaded there. But here [in this case, auth. remarks.] (The operator clicks on
the Rio Grande port in Rotations [5]), we look at the possibility of going to

Rio Grande first, because we are going to unload the cargo.

In this example, the described use-activity of unloading the cargo from a tank, is an
action that is comprised of three operations: the use-activities of clicking a line in
the Operation list representing the correct unloading task [1] , dragging it towards
the tank plan artefact above the Operation list [2] and dropping it on the chosen
tank [3]. This was one unloading action from a tank that shared a large volume of
the same cargo, where the remaining volume would be unloaded later, at different
harbours: Santos [4] and Rio Grande [5]. The operator reflects on which of the two
harbours the ship should sail to first. In the current rotation, and normally, the ship

would sail to Santos first, but in this case, she decides that unloading in Rio Grande
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first would be preferable; thus she must change the order of arrivals in the rotation
list. She accesses the contextual menu by right-clicking on the Rio Grande entry in
the rotation list [1]. Choosing ‘Move Up’ [2] will move the Rio Grande entry up
one place, above Santos in the list (see fig. 23, p. 169). The moving of the Rio
Grande entry is one action comprised of one right-click operation and one menu
choice operation. The complete use-activity, i.e. the action of unloading this specific

cargo consists of two sequential actions, comprising five operations.

Figure 22. Drag and drop operations. Operator dragging a cargo unloading order, from the Operation
list and up to the tank containing that cargo.
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Figure 23. Contextual menus in Rotation list. The operator right-clicks on the Rio Grande: contextual
menu pops up. Clicking on Move up [1], the screen element of the Rio Grande port is moving up-
wards in the Rotation list [2].

Operator:

Then we have changed that rotation, and can bring something ... retain
something, where you plan to go, you know. Then, we go directly from
Suape to Rio Grande, and then we go to Santos. With the planned stowage
we now have, this will be fine. It is just one load, which is to be unloaded in
Rio Grande. So, things like this I might be able to do very easily, and see if
there are conflicts; to see whether the tank in which you are going to put the

cargo is vacant, or not, at the time.

During another observation session, an operator clicks back and forth between the
tank plan, rotation list and operation list, to check for availability. She continues
the stowage process, doing what operators do all the time—testing and simulating
rotation and tank logistics, and possible scenarios in the user interface; ‘is #hat tank

available in #hat berth in thar port? For that rotation?’

Operations mediated by screen artefacts, such as clicks, holds, and dragging are
done in various parts of the user interface, interactively testing and simulating a
variety of rotation and tank logistics in the user interface. Initially, simulating varia-
tions of Rotation, or testing specific cargo distributions in the tank plan comes for-
ward as an action, but could, during a process without problems—contradictions—
be regarded as an operation. Nearly all functionality in ORCA, except functionality
such as open, archive and close, that is common in all software, is concentrated
around testing and simulation of different stowage solutions. Testing a simulation is
in its nature explorative and reflective. Nevertheless, it appears that certain actions
performed in such a way that they appear as operations. The fact that ORCA is
designed for operating in an explorative manner appears to have an impact on users
who, in a given situation or in repeated patterns of action, do not perceive reflective

use-activity as a halt, but as a natural and necessary part of their interaction with

169



Chapter 7 - Use of ORCA

ORCA, which becomes part of the tool—and task competency that underlies the

human-ORCA combination’s ability to serve as a functional organ.

It is specifically the ease of testing and simulating solutions, resembling that of a
sketch book. This sketch book analogy is not far-fetched; as ‘sketching on copies’ is
one best practice when making stowage plans, and a foundation for the design of
ORCA. Once, it was pen and paper that was the primary planning tool for the
stowage of chemical tankers. Pen and paper were replaced by the previous system,
Othello in 2000. When it was time for that system to be replaced, all domain-
specific knowledge, both from the pen and paper era, and the experiential know-
ledge from using Othello, were put into the design and development of the new
system, making it into an experience-based, domain-specific tool, tightly integrated
into an established practice. An example of the practice-oriented interaction that
the system facilitates was noticed during the observation of an operator testing a
complicated scenario revealing a typical quay-order manipulation process involving
a number of cargoes, where one cargo should be on one specific pier in the Hous-
ton port, with its four quays, while another cargo that is to be loaded also comes
from OTH. The process of switching the order of quays in a harbour from which a
cargo is to be loaded consists of numerous single operations that together constitute
an action that also involves decisions related to tank suitability, such as coating,
temperature, adjacent tanks and so on. The user interface in ORCA facilitates this
quay rotation testing by virtually moving quay order in the user interface to test
whether the tank that was intended to be used for the specific cargo to be loaded in
this port could become available if the ship sailed to another dock and unloaded
there first. This action involved several cargoes; cargoes to be unloaded and cargoes
to be loaded, and the deciding factor for the operator’s planning and subsequent
decision is the order for when it can be done. Here, practice would suggest check-

ing timely availability first which is related to port or quay. In stowage practice,
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ports and quays belong to and constitute the order of a Rotation, thus, based on
that domain-specific knowledge, the program facilitates altering the rotation order
in a simple well-known manner, in this specific situation, moving the quay-element

in the rotation list (see figure 23, p. 169).

Figure 24. Invalid plan error: The operator tries to load a tank that was not unloaded:

‘If T were going to use that tank, which I unloaded here; if I tried to load #har

tank earlier, I would have got an invalid plan error, if it was not unloaded

first.

The operator could either grab hold of it, or drag and drop it in the direction of the
future berth of the vessel. The operator points at the Houston port screen artefact in
the Rotation list, and at a specific cargo screen-element in the Operation list,
demonstrating a drag and drop operation towards the OTH berth in Houston, and
then showing another way of moving by dragging and dropping the cargo from one

berth to another in the Rotation list, explaining:

If I wish to change the rotation and want to go to LBC first, I just ‘Move
up [accesses the Rotation list contextual menu] and if I then should have
used the tank that I also unloaded ... there, for example, if I were employing
that tank on that berth, I would have got an invalid plan. You cannot load a

tank until you've unloaded it first. I use this a lot to change a rotation.

As previously described, ORCA is designed around a simulation and probing
paradigm, i.e. the larger part of stowing a ship is centred around simulation and

probing. This is manifested on two levels;

171



Chapter 7 - Use of ORCA

1. all stowage plans are zentative as default and must be actively promoted to valid

prior to being used as an actual stowage plan.

2. externalising stowage solutions as a chain of actions, and the operations of
which they are constituted, by distributing simulation capacity to the user in-
terface, extending the internal plane of action.

During observation sessions, operators probing various stowage configurations in

the abstracted tank models in the user interface, made possible by the risk-free,

default ‘work-on-copies” approach in the ORCA system (see fig. 25, p. 172).

Figure 25. Duplicate stowage plans. The operator can make as many duplicates as needed. Here, the
operator can try out three different stowage plans: the initial plan [1], that the operator preserved by
making a copy [2], which could be used to explore other stowage constellations. This copy was, in
turn, preserved by making yet another copy [3], providing the operator with an extended number of
possibilities to mediate the internalisation process.

In an activity theoretical object-oriented approach to human-interface interaction,
the object of the activity can, according to Bedker (1991, p. 38), have three
instances: 1. it resides exclusively within the computer artefact, 2. the objective
exists in the real world, but is present exclusively as an activity in the software, and
3. the object exists, physically, outside the artefact but is controlled by operating the

artefact, such as e.g. a control panel.

From the operators point of view, a published stowage plan exists as a real-world
object, but also as an object in the mind, and mediated by interactive artefacts in the
user interface. Bodker claims that “The quality of the user interface for this type of

application must relate to how the user can couple the final object and the object “on
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the screen” to each other’ (Bodker, 1991, p. 38). In the ORCA case, this quality relates

to the use of visual representations and functional capabilities of the user interface.

Maintaining a metaphorical proximity with the real world of vessels in the ORCA
user interface was a central element in the design of the software. In this chapter,
the abstracted screen elements that make up the graphical user interface in the pro-
gram, and the interaction they afford, are presented. In addition, the operator-inter-
face interactions, are briefly described and placed within the activity theoretical

hierarchical structure.

7.2 Mediating practice

In ORCA, where the system is based on simulating actions and activities, the oper-
ator never works on ‘originals’, and all operations, actions, and even activities are, in
an activity theoretical perspective, internalisations until the goal of the activity, an
agreed upon stowage plan, is reached by fixating, and then ‘promoting’, the plan, as
the last stowage iteration, into a published final plan. This aspect of user interaction

has shaped how the system in its core is designed to mediate activity.

Abstracted representation of the vessel, with manipulation and interaction directly
onto the tank representations, which provide direct system feedback, providing
immediate feedback. The Operation list beneath the tank plan has direct drag-and-
drop functionality, both related to the Rotation list to the left and to the tank plan
above. By leaning heavily on the extensive base of competence that existed in the
organisation, the co-located development team had access to what had developed

into best practice examples the activity of making stowage plans.
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As previously described, assembling a stowage plan is a complicated process that

requests an extensive amount of reflection and testing before a plan is ‘frozen’ and

publishable.

Observations during stowage sessions suggest that the best practice, activity centred,
‘sketching’ approach characterises the interaction in ORCA, as the core design pat-
tern. This facilitates or maybe seeks possible contradictions in an attempt to visual-
ise incompatibility in an action. In the dialectical logic perspective often associated
with activity theory, contradictions are regarded as sources for development. Thus, I
argue that the core interaction pattern in ORCA is specifically designed to maintain

and develop the task- and subsequent tool-competence among its users.

The ORCA software gives immediate alert-feedback. The operator tests possible
stowage scenarios by changing the rotation. This is done in the Rotation list contex-

tual menu, accessed by right-clicking a berth under a port in the Rotation list.

2]

[l ]
t 1

Figure 26. Contextual menu in Rotation List.
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Moving the berths up or down, changing the order of the vessel’s arrival at the
berth. Changing the rotation is a sequential click-operation: 1. right-click on a
berth to access the contextual menu [1] and 2. click either ‘Move Up’ [2] or ‘Move

Down’ [3]. The operator describes:

For example, I have a pack of (... (2) I can stow it there and put that pack-
age in that tank there. If I come here (Operator points to the screen element
[Stolt 2]** under Houston), and I'll drop this (cargo) in that tank, which I
unload on the previous berth. I go to Stolt 2 first (right-click on [Stolt 2] to
access contextual menu, then clicks ‘Move up’). Then the program will show
‘Illegal commingling’ because I tried to load the tank before it had been

unloaded.

(1) Then we have to change that stowage, by moving the berth (downwards
in the Rotation list, by clicking ‘Move down’ in the Rotation list contextual
menu. The Rotation list contextual menu is accessed by the operation of

right-clicking the related port or berth element in the rotation list).

(2) Then I can just stow that tank somewhere else. [Clicks on the OTH
berth that is placed beneath the Stolt 2 berth, and thus later in the Rotation

list]

The operator explains how the program responds to a mistake, and warns about a
mix of cargo, ‘Illegal commingling.” Previously, the operator had to find out about
commingling cargo manually. With ORCA, the operator can concentrate on other
aspects of the stowage that can only be managed by a human, e.g. considering over-
rides of soft warnings. This is further elaborated in the discussion of the human-

ORCA as a functional organ in ch. 8.6, p. 220.

Terminology: Rotation and Rotation list
A rotation is a sequence of ports, such as e.g. Texas City and Freeport, all in the US

Gulf, continuing to South America after having finished all loading procedures in

28. Stolt-Nielsen Limited is a large Norwegian shipping company. Stolt2 is one of their terminals in Houston.
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the Gulf, to e.g. the port of Aratu, and the port of Santos in Brazil, then further to
down to Argentina. This is called the rozation for the ship. Another rotation could
also start from the US Gulf, continuing through the Panama Canal, and out into
the Pacific, going to different ports in the East, which is another typical rotation.
There are also trans-Atlantic rotations, when a ship goes from for example Rotter-
dam/Antwerp to e.g. some quays in Charleston on the east-coast of the US, before
ending up in Houston. Then they bring some loads at various quays there, and then
they go back to Europe. That could also be a rotation, in addition to being a port

rotation since the boat loaded at several berths in a port.

A rotation list displays a sorted list of calls. The program manages the calls on two

levels: on port level (level 1) and Berth level (level 2).

Port rotation

It is called a port rotation when there is a rotation within a harbour. For example,
when a ship is coming to Houston, she could go to five, ten or fifteen quays in the
same harbour. Then, it is important to rotate the ship around the harbour in an efhi-
cient way so that it does not remain berthed. Every stay in every harbour must be
cost-effective. In order to streamline the stay, it is important to know how many

loads and packages that will arrive at the various quays.
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Figure 27. Tank plan in ORCA. Mediated representation of a vessel’s tank structure, with drag-and-
drop interaction directly unto the tank element [1], port element [2], and cargo representations in the
operation list [3].

The Operation list [3] beneath the tank plan [1] following the direct feedback
paradigm, has direct drag-and-drop functionality, both related to the Rotation list
to the left [2] and to the tank plan above. The blue arrows are not part of the UI,

but a marking made by the author to visualise the drag-and-drop activity done by

the operator. The three operations of ‘click and hold—drag—drop’ constitute a

‘filling tank’-action in ORCA.
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Figure 28. Details of tank plan in ORCA.

The system provides direct feedback on each abstracted element: recipient port,
weight, grade of filling, warning border for adjacent hazard, and so on. It supports
drag and drop functionality that facilitates direct interaction in the GUI, thus

maintaining support for an unhindered, established work How.
g supp

During these observation sessions, the number of breakdowns appearing during the
regular stowage processes is rather few and quickly solved. The immediate recogni-
tion of a screen artefact is present in the findings from the user observations; how-
ever, it would seem that the real intuitive character lies, not necessarily in this arte-
fact recognition, but the connection to previous similar activity, as the foundation
for the mental probing of operations and actions, and its distribution to the user
interface as a perceived intuitiveness emerging from. Many of the operators aban-
doned the previous stowage tool, Othello, and resorted to stowing on paper. By

being able to stow efficiently through the new system, an operator compares:

It saves me a lot of time compared to making the stowage plan at one, or
more, sheets of paper, with an eraser and... You save time, but must still pay

attention. You still need to know what you're doing. Also, we save a great

178



Chapter 7 - Use of ORCA

deal not having to wonder whether we can go to this and that pier. We can

easily see that in the program. Very easy.

In a system, where virtually all interactions in the interface are based on probing/
simulation, the ORCA user interface facilitates the externalisation of what could
resemble a prolonged orientation phase, supporting this continuous simulation,
and is based on a combination of recollection of previous manual processes that
have been developed during years of stowage planning, and familiarity with arte-
facts. The degree of familiarity with the screen artefacts in the user interface, and
the operations and actions they represent, lays the foundation for the internalisation

undertaken in the user interface that leads to the experience of intuitive interaction.

This is supported by an example of the seemingly most logic cargo-operation of all:
moving one cargo directly from one tank to another, by dragging a cargo from one
tank screen artefact and dropping it on another. For a lay person, the cargo would
just have been moved, but for a skilled, experienced operator the first tank must
first be un-stowed, and then re-stowed in a new tank. This transfer action is what
infra-structurally will happen ‘beneath’ the user interface as the result of a direct
dragging and dropping between two tank screen artefacts in the user interface; a
logic interaction that retains the vocational structure of how it was previously done

with pen and paper. As an operator describes:

It is registered that the cargo was loaded into the first tank, and then moved
to another afterwards. If you're just going to move the stowage, you have to

un-stow first, and then stow it again [in the new tank].

For an operator that is logical. If you move the load, then you have, in a
way, made a different stowage action than if you stow it straight into

another tank.

Related to vocational practice, un-stowing a cargo from one tank and re-stowing it

in another tank, is what an operator would have to do in order to move a cargo.
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Thus, even if the program could have supported a simple, and seemingly intuitive,
drag-and-drop operation in the user interface that moved one cargo directly from
one tank to another while all the underlying functionality of un-stowing cargo from
one tank and re-stowing it in another could have been handled by the program, it
would have been counter-intuitive according to practice. The correct way of intuit-
ively mediate this specific action, according to practice, would be to let it consist of
these two operations, also in the user interface. This exemplifies how domain-
specific experience could make the internalisation process more comprehensive in
relation to established practice, and thus, with a certain degree of probability, laying
the foundation for the operator to perceive the interaction as skill-based intuitive.
This is an example of how intuitiveness might have two different meanings, in rela-
tion to task competency, in that the first, logical, approach would, instinctively, be a
direct drag-and-drop operation, while the correct, and intuitive way according to

practice, is to unload the cargo in the first tank prior to loading it in another.

7.3 Hierarchical structure of use activity in ORCA

How does one decide what something is if the borders between the different
‘somethings’ are unclear or indeterminable? How does one reason when deciding
whether something is an activity or an action? Utilising activity theory as a frame-
work for analysing observations of use activity, it may, at times, be unclear what an
activity is and what an action is, and distinguishing a complex action and an activity

may be significantly difficult. Kuutti states:

The flexibility of the basic [activity theory] concepts makes them useful in
describing developmental processes. On the other hand, it also means that it

is impossible to make a general classification of what an activity is, what an
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action is, and so forth because the definition is totally dependent on what

the subject or object in a particular real situation is (1995, p. 32).

This means that the hierarchical structure that activity theory uses to explain and
discuss the relationship between mind and action is in continuous motion and leads
to the understanding of what is perceived as intuitive actions as dynamic and con-
textual. Utilising activity theory concepts to understand how actions and operations
can be perceived as intuitive, to get a better insight of which contexts might facilit-

ate this understanding, and how it might inform can be done in practice.

As described in chapter 2.4.2, the border between action and activity is unclear
(Kuutti, 1995; Davydov et al., 1983), as the structure of the use activity might
change. While the objective of optimal stowage might seem ideal and fixed, the
character of ‘optimality’ —what ‘optimal’ means—will change continuously, and
development in itself would be an aspect of the activity. Therefore, the identifica-
tion of the actions and operations at various levels of use activity, mediated by the
user interface in ORCA, represents how they appeared and were perceived during

the period of observation.

As described in chapter 5.3, p. 112, the stowage planning of a chemical tanker is a
process by which the locations of cargoes on board a vessel has to be meticulously
planned prior to loading in order to reduce the costs as much as possible. At the
same time it is important to exploit the capacity of the vessel. This includes con-
trolling a large set of parameters, such as compatibility, either with other chemicals
or the coating of the variety of tanks on board, the cargo requires a specific temper-
ature during transport, distribution of cargo on several tanks due to weight balance

of the ship (trim & list).

The process of stowing a chemical tanker is associated with a significant degree of

complexity, and sometimes critical complexity. Therefore, a chemical tanker must
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adhere to international rules and regulations. An elaborate description of the com-
plexity of stowing a chemical tanker is presented in the case description in chapter
5.3. In this chapter, the stowage process is analysed according to the hierarchical
structure of activity, on an individual operator level. Some illustrations used in the
case presentation are reused as background illustrations with the operator’s interac-

tion with the user interface is visualised as a numbered sequence in an overlay on top.

Activity outside Ul Interaction with Ul

o -

Figure 29. The stowage process as a hierarchical structure, with examples of activities, actions and

operations, linked to the empirical material. Depiction based on fig. 2.4 in Kuurti (1995, p. 30).

Activity

Motivation and object: the main motivation, and the object of the stowage is the

optimal or most [cost] efficient stowage, i.e. the optimal utilisation, of the ships

tank configuration, in the form of a stowage plan.

The activity is characterised by planning the optimal or most [cost] eflicient stow-
age, i.e. the optimal utilisation, of the ships tank configuration. A completed stow-
age plan is visualised in the software and ‘published’ as a ‘full’ tank plan. This is,
however, a process that is continuously repeated as new contracts for transporting
cargo is received and accepted, and the state of optimal utilisation of ship tanks

changes and must be revised, making a new completed stowage plan that can be
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published, changing both the rotation and utilisation of tanks. This process of revi-
sion, as what would be an optimal stowage plan changes, and continues in an
almost perpetual manner within the rotation cycles, which gives the activity the
character of being in development, in that the object, the optimal state of tank util-

isation, is not fixed.

Figure 30. Distributing cargo onto several tanks.

Example of action
Goal: identifying and loading, at the time of action, the right tank or set of tanks in

the current configuration of a tank plan for a single cargo.

In order to achieve an optimally efficient stowage plan, e.g. the most efficient usage
of the tanks available, the operator must find and choose the correct tank for that
specific cargo. One example, in figure 30, of distributing cargo onto several tanks is
e.g. cargo order #018, Ethyl acetate (pink colour). In order to stow this cargo, the
operator must move the cargo order, visualised by one line of text, from the opera-

tion list beneath the main tank plan artefact [1], by clicking, holding and dragging
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the cargo order artefact and drop it on the designated tanks by clicking on the tar-
get tanks in successive order [2],[3], until the cargo has been fully distributed. This

is an action pattern that rather quickly became automated into an operation.

Example of operations

Identifying the correct tank for a specific cargo and subsequently loading the cargo in
a single tank, or set of tanks, in the tank plan. This is comprised of a series of opera-
tions where the conditions are related to the vacancy, and requirements of the trans-
portation of cargo, such as e.g. moving a cargo from the cargo list, by clicking, hold-
ing and dragging the screen artefact, in the form of a line in the cargo list, onto a

vacant tank screen element [1] in the tank overview. (See figure 31).

Figure 31. Single tanks in the tank plan. User interface screen elements showing a vacant tank and an
occupied tank in the tank plan.

Another requirement related to transportation of chemical cargo is a compatible
tank coating, i.e. the cargo must not react with the surface in the tank. This tank
metadata is checked by a constant system feedback [2], but requires an active check
from the operator prior to initial loading of the cargo. There is no coating in
tanks 11WP and 10WP in fig. 31, as the tank element in the user interface shows the

metadata (SS); (SS) meaning ‘Stainless Steel’.

Many dialog boxes in ORCA are accessed by a right-clicking operation. They might
contain a rather substantial number of functional elements that the operator may

interact upon. Inside a dialog box, the human-ORCA interaction will consist of
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one or a sequence of operations, that together, might be regarded as an action—
until the sequence of operations has been practised into becoming automated, thus
being transformed into an intuitive operation, as a part of the domain-specific best

practice.

Figure 32. Edit Cargo Operation dialog box. Controlling and adjusting cargo physical data and tem-
perature. For hierarchical dynamics, see fig. 33, p. 186.

After the cargo, in the form of the screen artefact represented by a visual line of text
in the cargo list, has been loaded onto the single tank artefact, visualised by a vacant
(colourless) tank screen artefact being coloured and filled with the primary textual
metadata (fig. 31, p. 184), the operator must continue to plan and test various para-
meters related to the current cargo. This could e.g. include physical data and tem-
perature control. The operator will check or edit the litre weight, and tank temper-
ature according to the requirements related to the cargo, by right-clicking the

single-tank artefact in the tank plan overview (fig. 40, p. 197), activating the pop-

185



Chapter 7 - Use of ORCA

up dialog box accessing this set of metadata related to the cargo. Physical data and
temperature are controlled by eight parameters [Numbers 1-8 in figure 32]. Many
of them are pre-entered by the system, but the operator may edit them. At the time
of observation, a rather short time after the program was released and installed on
the operator’s computers, early findings seemed to indicate that these particular use-
activities had the character of being operations. Later observations showed that this
sequence of operations, that initially would have the character of an action, became
an operation, like many other similar operator-interface operations undertaken in
dialog boxes. Thus, intuitive interaction would seemingly emerge during the trans-
formation of a use-activity from being an action, comprised of a group of opera-

tions, into a single operation performed as one automated movement.

Activity Plan the stowage configuration for a chemical tanker

Actions

Place cargo [DA] Editing Cargo Operation [Dbox] Edit Rotation [CM]

Operations
Drag and drop action: Access Edit Cargo Operation Access Edit rotation menu
Click & hold on by right-clicking tank element. by right-clicking port or quay.
cargo screen I§|ement [¥] Set/edit operation type: L/U/T Add Port
in Operation fist Edit weight/volume Add Berth
Drag cargo screen . .
element to Set/edit contract number Edit Call
chosen tank [¥] Set/edit contract status Delete Call
Release mouse button ¥ Disable COF Move selected
[¥] Cargo Quantity Options port/berth up
Set/edit amount % Move selected

ort/berth down
Set/edit physical data P

and heating requirements
Free text field

Show rules violations
related to port/quay

Generate summary report
for selected port/quay

Categories of user interface interaction types: [DA]: Direct action, [Dbox]: Dialog box, [CM]: Contextual menu
[¥] Drop-down menu Textfield ] Checkbox [&]Mouse click Drag and drop Release mouse button

Figure 33. Activity structure. Examples of action <->operation dynamics related to user interface inter-
action in the three most common use-activities in ORCA: placing a cargo, editing cargo metadata and
stowage parameters, and changing the order of ports and quays in a rotation cycle. Abbreviations:
Operation type: L/U/T refers to Loading, Unloading and Transfer. COF stands for Certificate of
Fitness.
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According to Leontiev, an activity occurs to satisfy a motive, through which the
objective can be identified, and that human activity, exists only as actions or a

sequence of actions.

As presented in ch. 2.6, a computer application, from the user’s perspective, is not
something that the user operates on but something that the user operates through,
towards objects or subjects of interest in the work activity. Human beings operate
through computer applications, as well as other tools, on materials that they are
turning into products with the help of others’ (Bedker, 1989, p. 173), making the
user interface just the mediating tool, and not the target itself, (Bedker, 1991), lead-
ing the user interface to become ‘transparent’, as in not itself being the goal of an
action. However, exceptions would be in situations of breakdowns, when an oper-
ator using ORCA encounters a problem leading to a change of conditions that
could have been caused by a variety of reasons, i.e. The testing of a possible stowage
by placing a cargo in a tank-representing screen artefact, by dragging it from the
operation list and receiving a system feedback. In the ORCA user interface this is
often a warning, requiring the operator to adjust, either a condition for an opera-
tion, the goal of an action, or perhaps even the motivation for an activity, although
the motivation that guides the activity of making a stowage plans might seem stable
in its core. This would raise the question of whether making a stowage plan for a

chemical tanker is a large complex action or an activity.

In the ORCA case, the overall objective is a completed stowage plan. The activity of
making one consists of many sequential actions and operations e.g. the action of
placing a cargo in a tank, or changing the order of port arrival, or moving a cargo
from one tank to another, or ‘meta’ actions like e.g. customisation of the tool itself.

All consist of drag-and-drop operations, and contextual menu operations that
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include clicking in UI elements like check boxes, accessing drop-down menus, edit-
ing temperature requirements, adjusting volumes and trim & list, or assessing
whether the cargo is compatible with either the tank coating or the cargo in the
adjacent tank. A complex action might be seen as an activity, or be perceived as
both, by different people and at different times and in different contexts. The com-
plexity that characterises the activity of making a completed stowage plan involves
dealing with various contexts and changing conditions, but still has a final outcome
as the object. Final until another cargo-operation in another port must be added,
which involves changing both the tank plan and the rotation, where the need is
adjusted, and the activity/action distinction is renegotiated and subsequently settled

once again.

Leaning on Kuutti’s statement of the flexibility of basic activity theory concepts,
making them, on one hand, useful in describing developmental aspects of activities,
while, on the other hand, seeing this flexibility as blocking the possibilities of defin-
ing a standard set of categories of what constitutes an activity and a clear distinction
between an activity and an action, would lead these categorisations to become

entirely contextual (Kuutti, 1995).

Therefore, I argue that it is the aspect of the final need—the overall motive, that
defines when a use-activity becomes an activity, even if what an activity is and what
an action is may interchange. In the end, because there will finally be an end, it will

ultimately be the overall objective that would determine what would be an activity.
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7.4 Chapter summary
This chapter has analysed and discussed the part of the empirical material that is

related to the use of the ORCA software.

This chapter has presented the operators’ general use-activity in the ORCA software
and how the use of the ORCA user interface is situated within the hierarchical
structure of activity and its connection to the discussion of specific actions and
operations in the user interface. It presents reflections around the human-computer
functional organ, and the perception of intuitive interaction that might emerge
from the development and transformation process that can be identified in the

action-operation dynamics in the hierarchical structure of activity.
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CHAPTER 8.
Mediation in ORCA

This chapter analyses and discusses ORCA as a mediating tool. First the ORCA
user interface, and all the most frequently used screen elements are presented,
together with the interaction pattern connected to each screen artefact. Followed by
a discussion of the user interface familiarity and transparency, in an immediate,
momentary approach to interaction, before connecting user participation during
the development phase, and turning to utilising the ORCA user interface in a dia-
lectical approach to solving contradictions. As a mediating tool, the computer and

the human form a functional organ.

The empirical material from the ORCA case indicates that the user interface trans-
parency described by Bedker occurs primarily on the operation level in the hier-
archical structure of activity, and that the visibility or conscious reflection of the
user interface is varying with the complexity of the actions, i.e. the awareness of the
user interface is increasing with the increasing structure of compound actions and

associated complexity.

Norman states that PCs are complex and hard to use (Norman, 1998), and one
might get the impression that, by spending a disproportional amount of time and
resources in finding one’s way in and around the user interface, that it is the user

interface itself that, unplanned, becomes the objective by being unnecessarily com-
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plex. This might be problematic since it is not the user interface that is the objective
of the activity. Badker (1991), however, states that the user interface is not the
objective for our actions and operations, and is, as such, merely a tool one is util-
ising to mediate the activity in order to reach the objective. According to Bedker,
one only works through the interface, towards a goal, resulting in the user interface
becoming transparent, i.e. out of focus of the user. This requires that the actions
and operations are known and that it runs smoothly, i.e. without breakdowns.
However, breakdowns are possibilities for development and may even be desirable
in some contexts. Breakdowns may be linked to the object of the activity that, for
instance, when assumptions change, which is in line with Kuutti’s statement that
activities are unstable, making the use-activity unpredictable and situational (1995).
There may also be conditions related to the mediating tool itself; in this context, the
user interface, which will force the user to stop, and reflect on which operations and
actions that are both available and adequate. In the context of making a stowage
plan, as it appears in the empirical material, such breakdowns may be e.g. that the
cargo from an accepted transport request, does not reach the quay(berth) at the
right time, and that plans must be adjusted. According to Suchman (2010), situated
actions would have the character of workarounds, fulfilling the objective that was
originally planned, but undertaking it in using a different approach. During break-
downs, the object of the activity remains, but the use-activity will have the character
of situated action mediated by the user interface, which temporarily, ‘looses’ its
transparency and moves into the operator’s focus, until things are ‘settled’, meaning
that the user interface is ‘transparent’ during settled, regular, uninterrupted use and
becoming visible only when contradictions occur; that it is through these contradic-
tions, when use-activity is interrupted and becomes unsettled, it is being developed,
and that the development emerges through trial and error. A user interface designed

for users to easily test and simulate; controlling mistakes by ‘embracing’ mistakes,
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making them visible, contributes to the transformation of actions and operations,

and the development of both the subject and the object.

Kaptelinin et al. (1995, p. 190), state that human agency through mediation is an
important aspect of activity theory as a theoretical framework, providing the con-
ceptual tools needed in order to analyse how people relate to e.g. software, and also
how, through adherence to ’rules’ and participating in the ‘community’, a subject’s

knowledge becomes extended.

Mediation, in an activity theoretical HCI context, comprises an additional relation;
as a tool with which the user can combine. The user interface being an extension of
the internal plane can externalise and distribute actions in the mind, thus influen-

cing the levels of competence.

In this chapter, the empirical material regarding the abstracted screen elements in
ORCA is presented. This is followed by the presentation and discussion of external-
isation as being a part of the functional organ, and linked to a mediated action per-

spective to affordances (Kaptelinin and Nardi, 2012b).

The ORCA user interface mediates operations and actions in a sequential structure.
Thus, findings indicate that intuitive interaction emerges as an event between the
operator and the user interface, that is as a result of a development process, as
opposed to the common focus on momentary interaction in HCI—research and
practice. According to Kuutti and Bannon, a substantial amount of HCI research
has been centred around ‘'momentary and ahistorical HCI situations that are not
crucially connected to a particular time and space; the focus is on the snapshot of

the interaction at the moment’ (Kuutti and Bannon, 2014, p. 3543).
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8.1 The ORCA user interface

The user interface consists of five main screen elements. The user interface follows a
gradually established modern interaction pattern, with drag and drop functionality
between the operation list and the tanks in the tank overview, and right-click access

of contextual menus for detail editing for each tank element.

Figure 34. The user interface consists of a top menu and 4 sub-windows: Tank Plan [1], Rotations [2],
Operation List [3], Ship Utilization [4]

8.1.1 Screen area

The main window in the user interface contains the five main screen elements. The
user interface follows a gradually established modern interaction pattern, with drag-
and-drop functionality between the operation list and the tanks in the tank over-
view, and right-click access of contextual menus for detail editing for each tank ele-
ment. The size and the position of the Rotations, the Operation List and the Ship

Utilisation are configurable by the user. The position of the windows can be
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changed by clicking on the top of the window and dragging it. Small but clearly

visible screen artefacts mark the change process while it is undertaken.

8.1.2 Top menu

Figure 35. The top menu shows non-cargo functionality of a stowage plan.

The top menu shows main non-cargo functionality of a stowage plan, like open,

copy, publish, export and so on, in addition to synchronisation between an oper-

ator/cargo broker and maritime personnel, and viewing filters based on regulations,

mode and categories of condition (cargoes in transit, loading or unloading).

8.1.2.1 Stowage plan
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Figure 36. Stowage plan area of the top menu
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The small black arrow opens and hides the menu at the top.
Open: opens a new or stores plan.
Copy: copies the open plan as many times as you click ‘Copy’.

Publish: publishes a plan in the common database if the program is online at
the office, or exports into a file if offline. Every plan, or copy of a plan, is re-

garded as just a preliminary plan, i.e. sketch, test, simulation
Accepted Violations: displays all accepted soft rule violations.
Export: saves a stowage plan in a local or shared folder.
Revert: rolls back to the originally open stowage plan.

Promote: same as publish. ‘Promote’ will promote the published plan to the

Master Plan.

Edit Comments: displays and edits comments entered by an operator or any

other person having modified the current plan.
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8.1.2.2 Connectivity

Figure 37. Server connection management in top menu.

1. Connection shows the connection status to the server if connected to the
office (only to be used by operators). A green colour is displayed if
connected, black if not connected. Clicking on ‘Connection’ disables the

connection if already connected, or tries to connect if not connected.

2. Synchronize retrieves the latest data from IMOS?, if connected, and
updates the current stowage plan automatically. A red colour is displayed if
the current plan is not synchronised with the latest data from Otis, black

colour is displayed otherwise.

8.1.2.3 Presentation and filters

Figure 38. Presentation filters for visualisation of tank plan overview.

1. FOSFA — EU-NIOP® filters: highlights the tanks based on the chosen filter.

Several filters can be combined.

2. Stowage Mode: highlights only the tanks that can be connected to a given oper-
ation. The operator must select a [cargo]operation in the operation list to activ-

ate this filter in the tank plan.

3. Tank Plan Condition: two tank plan conditions can be selected (at arrival or at
departure). In addition, tank plan filters can also be selected (operations in call,

loading cargoes, cargoes in transit and unloading cargoes).

29. IMOS: Integrated Maritime Operations System (Veson Nautical)

30. FOSFA: Federation of Oils, Seeds and Fats Associations. EU: European Union, NIOP: National Institute of
Oilseed Products
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8.1.2.4 Screen layout management

Figure 39. Operators can configure and save their own custom screen layouts by clicking on ‘Save’ in
the Layout section of the top menu. The standard, factory settings’ can be restored by clicking on ‘Re-
store’ in the Layout section of the top menu.

8.1.3 The tank plan

Figure 40. Tank plan overview. The tank plan presents abstracted overview of all the tanks and their
location on the ship. The single-tank elements display the content of the tanks based on the selected
operations in the Rotations.

If several operations are selected, the tank plan will display a summary of the opera-
tions for the selected tanks (using the L (Loading), U (Unloading) or T (Transfer)
letters in each tank where a [cargo]operation is assigned). Visual marks are added to

the tank elements under certain conditions: Arrival Condition, if the Arrival Con-

dition is selected in the tank Plan Conditions drop-down list, Filter Active, if a filter
is selected in the Tank Plan Conditions drop-down list. Invalid Plan if a hard rule
violation is generated in a non-departed call. The cofferdams™ are represented with

an emboldened tank limit.

31. A Cofferdam on a ship is an empty compartment between tanks to prevent two different liquids from
mixing.
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For each tank, the following information is presented:

d.

Tank name and coating
98% filling volume (in m3)
Cargo weight in tank (in MT) or 0 MT if no cargo

Filling ratio (in %) or 0% if no cargo

In addition, if a tank contains a cargo, information related to the cargo information

is also displayed. This information is customisable by the Content Presentation in

the tank contextual menu (see figure 41).

Content Presentation...

Undo Stowage
Edit Stowage...
Level the Selected Tanks

Add Unloading Operation

Block this Tank...

Unblock this Tank

Add Activity...

Edit Tank Information...
Edit Cleaning Procedure...

Show Violations...

Figure 41. Tank plan content presentation menu

8.1.4 Rotations

A rotation is a sequence of harbours, and their quays (berths), between which one

specific ship sails, either during a specific period of time, or an agreed-upon number

of ports. This is visualised as the Rotations palette screen artefact where the port and

quays are represented by palette sub-elements (figure 42).
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Figure 42. The Rotation list shows the route, called Rotation, that the ship will sail, and also the list of
ports and berths included in the current stowage plan.

The Rotations screen element displays the list of ports, and berths included in the
current stowage plan. Ports and berths can be added and deleted from this window.
Various reports can be generated from this list by right-clicking on a port or a
berth. Ports and berths can be moved up or down in the rotations by right-clicking
and selecting ‘Move Up’ or ‘Move Down'. Ports and berths can be edited by right-
clicking and selecting "Edit Call...” (see fig. 43, p. 200). A TBN call is added at the
end of the rotation list (in a TBN voyage). It will include all the operations that are

not yet assigned to a given call.
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Figure 43. The contextual menu for the Rotations list is
invoked by right-clicking a port or berth in the menu.

This contextual menu contains the following options:
1. Add Port: adds a new port in the rotation list.

2. Add Berth: adds a new berth under a port.

3. Edit Call: displays and edits calls details.

4. Delete Call: removes a call without any cargo-operations. A port can only be

deleted if it has no berths.
5. Move Up: moves a call upwards in the rotation list.

6. Move Down: moves a call downwards in the rotation list.

7. Show Violations: displays violations present in the call.

8. Generate a Report: offers a set of various PDF reports to the user.

These use activities are undertaken as sequences of single operations, first by right-
clicking on a port or berth in the Rotations window to invoke the contextual menu,
and then click on the relevant menu item (numbered 1-8 above). Common proced-
ures would e.g. be editing a rotation, where changing the port order is done by
right-clicking the port that the operator needs to rotate (change order) and then
choose ‘Move Up’ or ‘Move Down’. The operator can add a new port by [a]: right-

click a port in the rotation list—[b] click ‘Add Port...” —[c] write the name of the
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port, voyage number that needs to be changed. Within a port, the operator can add
a new berth by right-clicking on the port where the berth needs to be added, and
write the name of the berth and any relevant comments. Both ports and berths can
be edited, by right-clicking on the port or berth screen element, and choose ‘Edit

Call...’. The operator then makes the changes and click ‘OK’.

Figure 44. The Contextual menu for Rotation List settings.

In situations when a cargo has to be transferred from one tank to another, in
another port or at another berth than the cargo was loaded, the operator must first
chose the cargo, and then chose the tank from which the cargo has to be moved out
of, and drag and drop it in another tank. Both the tanks will now display a “T” to

indicate that the cargo has been transferred in this call.

Figure 45. Before and after successful transfer of cargo from tank number 9CP to tank number 8C.
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A new [cargo]operation is created in the operation list, with the type “Iransfer’.
Clicking on this line will highlight the two cargo tanks. If the operator wishes to
undo this operation, he can do this by right-clicking on the line representing the
transfer operation, then select ‘Delete Operation’, and confirm the deletion, or while

still at the same selected call, drag and drop the cargo back to the original tank.

Figure 46. Dialog box for generating a report for selected call.

The operator can choose to generate a report for all tanks, i.e. the complete tank

plan, or filter on arrival or departure state of the tank plan. In addition, the oper-
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ator can filter on cargoes that are loading, unloading or in transit if the report is

required to only include information about specific or selected tanks.

Additionally, the menu allows non-cargo commodities to be included in the report.
The operator would finally specify the reports to be generated. Several reports can
be generated at the same time. In this case, they will be included in the same PDF
file. The operator must click on ‘Generate’. The requested report(s) will be gener-

ated, and the user will be asked where to save the PDF file.

8.1.5 The [cargo] operation list

The Operation List displays the operations in the selected calls in the Rotations.
Operations can be filtered based on their types by clicking on the Loading/Unload-
ing/Transit/Transfer/Non-Cargo buttons. The filter is active when the button is

pressed (yellow).

Figure 47. Cargo operation list - Overview screen element. Each line in the Operation List can be
dragged and dropped onto a tank element in the tank overview. This operation marks the tank element
in the tank plan as occupied, and ‘fills” it with cargo content.

Cargo Operation, which is related to all parameters connected to a selected cargo.

Operations related to the editing of these parameters are divided into the following

categories, accessible through the screen artefact of a dialog box (see fig. 49, p. 204):
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The displayed columns can be configured by right-clicking on the column headers,

see figure 48.

Figure 48. Contextual menu for the
Operation List settings. All editing is
binary since operations are restricted
to ticking on or off choices, represen-

ted in the user interface by checkboxes.

Figure 49. Cargo Operation editor. Mediates detailed editing of the Tank plan, such as contract status,
weight, temperatures in tank and adjacent tanks and so on. This screen element is accessed by right-

clicking a single tank element.
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* Commodity. This category provides administrative information about the
chemical cargo, such as 1. trade name, imported from the Commodity book,
which is an external database where all chemical cargo is registered. 2. Shipping
name, name of category under which the cargo belongs and is shipped.

3. charterer, 4. compatibility number in the US Coast Guard compatibility chart,

5. pollution category, 6. ship type.

* Operation data. This category provides information about operation type,
whether the cargo is to be loaded or unloaded (op>ui)® the call (location), the
source of operation details, the agreed and nominated weight and volume to be

transported (op>ui), and the actual volume that was loaded (op>ui) .

* Cargo contract meta data. This category provides information about cargo meta
data, such as cargo contract number, contract status (pending, confirmed, etc.)

total contract weight, nominated weight and volume.

* Cargo physical data and heating requirements. This category provides
information and editing capabilities related to temperature requirements, e.g. litres
weight at 15 °C (op>ui), correction factor divided by temperature (op>ui), setting
cargo temperature (op>ui), max temp adjustment (op>ui), minimum and
maximum loading temperature (op>ui), minimum and maximum voyage
temperature (op>ui), minimum and maximum unloading temperature (op>ui),
temperature range for the melting point, temperature range for boiling point, and

flash point.

The ‘Edit Cargo Operation’ dialog box appears by right-clicking the cargo screen

artefact in the operations list (see fig. 47, p. 203). In order to set operation type, the

32. (op>ui) indicates that this screen element is partly operator-controlled, i.e. data is retrieved from a database
but can also be edited by operator interaction.
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operator must click the “Type’ pop-up menu in the Operation category, and choose

either Loading or Unloading from the menu.

The observed human-interface interaction in this dialog box consists of single

sequential operations that collectively would constitute an action.

The displayed columns can be configured by right-clicking on the column headers,

see figure 48.

Columns can be moved in the operation list (fig. 47, p. 203) by dragging and drop-
ping the titles in the column headers. The first line of the Operation List contains a
list of voyages. Voyages can be selected by clicking on their respective buttons. To
select several voyages, operators may either (1) click on a voyage and then control
click to add another voyage to the selection, or (2) click on the first voyage, hold
shift and then click on the last voyage or TBN. Selected voyages appear with a yel-
low background colour. Calls from the selected voyages are automatically added in
the Rotations. The black arrows (triangles showing or hiding cascading menus)
before a call can be used to hide operations in a given call. Hiding operations for a
port does not hide operations in its berths. The black arrows in the window menu
can be used to hide operations in all ports (first arrow) or all berths (second arrow).
When an operation is selected, the tanks linked to this operation are highlighted

with a yellow and black border in the tank plan.
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Figure 50. Contextual menu for the Operation List, accessible by right-clicking the [cargo]operation
element.

This menu contains the following options (numbers corresponding to figure):

1. New Cargo: adds a new manual cargo and cargo-operation in the

Operation List.
2. Edit Operation: displays and edits information about the operation.

3. Delete Operation: deletes an operation. A loading operation cannot be
deleted if deleting it results in more unloading weight for this cargo than
loading weight. In practice, unloading operations must be deleted (or

adjusted) before loading operation can be deleted.

4. Split Operation: splits a cargo-operation in two cargo-operations of the

same type. A stowed operation cannot be split.

5. Add Loading Operation: adds a new loading operation for the selected
cargo. A new loading operation can only be added when selecting a transit

operation.

6. Add Unloading Operation: adds a new unloading operation for the
selected cargo. A new unloading operation can only be added when selecting

a transit operation.

7. Undo Stowage: removes all the links to the tanks for the selected cargo-

operation.
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8. Edit Bill of Loading: displays and edits the B/L figure.

9. Edit Cleaning Procedure: edits the cleaning procedure for all the tanks
where the selected cargo-operation is stowed. The cleaning procedure can

then be adjusted tank by tank in the tank plan.
10. Add an Activity: adds a non-cargo activity.

11. Show Operations for this Cargo Only: enables a cargo filter in the
Operation List. Only operations related to the selected cargo will be visible.
The filtered cargo number will be displayed in the first line of the

Operations List window, beside the list of voyages.

12. Show Operations for All cargoes: if the cargo filter is enabled in the
Operation List, disables the cargo filter.

13. Show Violations: displays violations caused by this operation.

14. Generate a Report: the same command as the Rotations context menu.

8.1.6 Ship utilisation

Figure 51. The Ship Utilization window visualise the degree of utilisation of the ship for the currently
selected call. (Numbers in the figure correspond with the numbers in the following paragraph.)

This part of the user interface displays information about the total weight on-board,
i.e. total cargo weight, total non-cargo weight, total non-cargo weight in cargo
tanks . For ships with trim/list data enabled, it is also possible to specify the detailed
non-cargo weight per tank and store for each non-cargo tank or group of non-cargo
tanks [1]. The operator can set the meteorological zone, which is used to determine
the max deadweight [2]. A table summarising the deadweight and tank volume,

with max used and available values in addition to total ship utilisation (cargo
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weight/max deadweight) [3], and displacement, trim, list and draft information

[4], with a visual representation of the ship’s balance and position in the water [5].

8.1.7 Two examples of non-cargo specific functionality

Figure 52. Tooltip functionality. Displaying additional information on single tank elements in the
tank plan, becomes visible when moving the mouse over a tank. Tooltip functionality by hovering is an
operation in the hierarchical structure of activity.

The tooltip functionality in ORCA is used both to provide extended information of
a single cargo-operation in the tank plan element (fig. 40, p. 197), and as clarifying

hover.

Another common use-activity connected to the rotation cycle, since it is a proced-
ure that is undertaken while at port, is e.g. tank cleaning, which is a procedure
undertaken between the cargo-operations of unloading and next loading. This is a
part of a normal cargo-operation procedure, and will be an operation within an

unloading action.

Figure 53. Dialog box for cleaning a tank after it has been unloaded.

Here the operator must select a call in the Rotations, and set the “Tank Plan Condi-

tion’ to ‘Unloading cargoes’ (black U-symbol in the bottom of the tank screen ele-
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ment), then right-click on the cargo tank to be cleaned and click ‘Edit Cleaning
Procedure’. In the Cleaning Procedure dialog box, the operator must enter a clean-
ing code, which will appear in the cleaning procedure tank plan report. It is also
text fields for writing the official cleaning procedure in ‘Description’, which can be
printed and given to e.g. surveyors, and for writing the instructions to the ship’s

crew in ‘Notes’, which can also be printed in a separate report.

The various sequences of operations in the user interface may constitute an action,
or the sequence of use-activites, as a whole, might be perceived as an operation,
depending on the complexity of choice, or whether these operations together and

with experience have become one automated operation.

8.2 User interface familiarity

The non-commonsense, experience-based, notion of intuitiveness might be situated
within the activity theoretical framework, by leaning on Leontiev’s idea of a struc-
tural similarity between internal and external processes [Leontiev (75)” in, and
translated by, (Kaptelinin and Nardi, 2012a, p. 19)]. It would seem analogous to the
familiarity concept of e.g. Raskin (1994) and Blackler et al. (2005, 2011), describing
humans’ ability to recognise similarities, and exploit this ability to fill in the gaps in
a setting or context that would seem familiar but not identical, leading to a func-

tional intuitive ow.

The analysis of the findings in chapter 6 and 7 is grounded on Kaptelinin and
Nardi’s descriptions of mediating affordances (Kaptelinin and Nardi, 2012b), and

Naumann et al.’s discussion on intuitive use rather than the interface being intuitive

33. Kaptelinin & Nardi, 2012, reference the russian version of Activity, Consciousness, and Personality from
1975, while this dissertation, of natural causes, references the english translation from 1978.
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(Naumann et al., 2008). The overall view from findings and conclusions in the
most recent and current research on intuitive use of user interfaces (Blackler and
Popovic, 2015; Blackler et al., 2011; Hurtienne et al., 2008; Mohs et al., 20006a;
Naumann et al., 2008), could indicate intuitive use through recognition of metaphors
which, in the goal of human interactivity in user interfaces in a domain-specific
context, i.e. skilled worker environment. In combination with the recollection of
operations undertaken in similar contexts and based on what a human intends to
do, this is laying the foundation for intuitive perception of functionality, thus con-

tributing in how computer mediated activity is designed and perceived.

An observed feature of experienced operators’ use of ORCA was that although they
ran into problems on the operation and action levels, they did not suspend activity as
a whole, even if the objective had to be temporarily adjusted. When the user inter-
face did not offer the immediate functionality for what seemed to be the proper
execution of an operation, thus causing a breakdown, the experienced operators cir-
cumvented the problem by adjusting the order of operations within an action by
testing in the user interface. As expert users they probed and circumvented their
way around breakdowns, as situated actions, an ability originating from previous
actions of what activity theory would describe as operationalisation, described by
Bodker as ‘the dimension that allows the user to form repertoires of operations
through which the instruments are handled, on the one hand, and to consciously

reflect on dealing with the components on the other’ (Bedker, 1991).

The capability, of the internal, intellectual plane exceeding the possibility of the
external in-the-world-activity, aids the learning process that is a requirement for the
level of knowledge and experience necessary to perceive operations and actions as
intuitive and immediate, which rests on domain-specific competence, i.e. a skilled
worker context. The notion of intuitiveness can also apply to an action, where the

sequence of operations, as an action, has turned into an automated operation. Find-

211



Chapter 8 - Mediation in ORCA

ings indicate that the perception of interactions as intuitive does not necessarily
happen through momentary interactions, but emerges through the transformations

of reflective actions into automated operations.

8.3 User interface transparency

As presented in ch. 3, a limited amount of research has been done on intuitive use
of user interfaces. One reason for this could be that the concept of intuition has
been regarded as vague and ambiguous (Naumann et al., 2007), and therefore
means different things to different people. For regular people, non-academics,
thesauruses and dictionaries, ‘intuition’ means gut feelings and a sixth sense, and
knowledge without prior learning. Within the field of human-computer interac-
tion, it is regarded as rather uncontroversial to assert that intuition is based on
experience. Knowledge, which, in turn, will be the grounding for recollecting previ-
ous processes as part of the task competency of knowing the possibilities and limita-

tions of a task, that are necessary in forming a human-computer functional organ.

The special character of the computer user interface, in being able to mediate such a
large variety of use-activities, and a subsequent high degree of complexity points
towards a continuum in which there is a transition between when a user-interaction
is reflected upon, as an action in an activity theoretical sense, which might also
include a conscious interaction with the user interface as a technical reflection on

the mediating tool, and towards the user interface becoming transparent.

How a user interface might facilitate the handling of this kind of complexity is e.g.
discussed by Kuutti from an activity theoretical perspective, in which he states: ...
at the activity level, information technology can form the matrix of activities; it can

be the principal enabler for an activity. At least two different possibilities can be
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identified. First, information technology may make an activity possible and feasible
(e.g. by linking the participants by a network or system). Second, information tech-
nology may enable an activity to have an object that would otherwise have been

impossible to grasp” (Kuutti, 1995, p. 35).

Activity outside Ul Interaction with Ul

Occupying tank

Action level Filling tanks elements in GUI

(!

Operation level

Opening valves
Attaching pipes
Pushing physical buttons
/ Embodied interaction

Utilizing screen
elements representing
real artifacts

Figure 54. The stowage process as a hierarchical structure, with examples of activities, actions and
operations, linked to the empirical material. Depiction based on fig. 2.4 in Kuutti (1995, p. 30)

Together, groups of single operations form actions, which together, subsequently,
constitute an activity. The mediating layer is an abstraction of any socio-culturally
mediated entity, but is, in an activity theoretical HCI context, which Kaptelinin has
renamed computer-mediated activity (Kaptelinin, 1995b), where humans and
mediating tools are integrated into functional organs (Kaptelinin, 1995b; Leontyev,
2009). This means that user interaction in a user interface may require the user to
possess a certain amount of knowledge, i.e. to have some insight or expertise, but
that the interface aids the user in solving tasks that would have been difficult or
impossible to perform without the emancipating power of the user interface. In
ORCA this is exemplified and visualised in the system’s alert feedback functionality,

like form variables on Ul elements i.e. tanks with a bold outline implying a double
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hull meaning that otherwise incompatible cargo types can be loaded next to each

other, or pop-up windows warning about illegal or non-viable actions.

8.4 Mediated action perspective on affordances

The concept of affordances (Gibson, 1979), in a human-computer interaction con-
text (Norman, 1999), can be seen as a built-in help functions, and screen elements
in the user interfaces of the socio-technical world; i.e. the technological device in
front of them at any given time. This, ‘inscribing optimal action” into an artefact,
has helped and guided members of the general public in their approach to, and sub-
sequent accept and understanding of ‘computing machinery’; which, in the era of
computer-mediated activity, i.e. since the invention of the graphical user interface

(Engelbart, 1962; Kay and Goldberg, 1977; Sutherland, 1963).

In ORCA, this is visible in how the system was developed; by the close collabora-
tion between users and developers, and a focus on knowledge transfer made pos-
sible by co-location. The developers would understand how the interface in ORCA
could absorb the users” work habits by, on a continuous, daily basis, having access
to the users’ knowledge pattern repository of how operations and actions should be
carried out and inscribe these patterns—these best practices—into the screen ele-
ments of the user interface, leading them to become what Kaptelinin and Nardi
describe as mediated affordances (Kaptelinin and Nardi, 2012b), and ‘verified’ by
participation. The guiding principle of affordances lies in their facilitation of recol-
lection of a process through recognition of artefacts. That the character of the form
of the artefact, of which some, the vocation-specific ones, are based on domain-

specific knowledge, while others, generic, standard user interface elements in mod-
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ern computing, have been adopted by growing up in and being a member of a cul-

ture where computers have become ubiquitous.

Affordances are representational ‘clues’, that through their visual character and
shape, explain how the objects to which they belong, are to be used. A central
aspect of the user interface elements is wuse, as mediated use-activity. If an afford-
ance, as a ‘crystallised’ instruction of use, represents an instruction for use, it must
also contain an element of facilitating intuitive use of user interfaces, since the com-
prehension of the affordance, then, stems from knowledge that is derived from the
accumulated repository of culturally and domain-specific mediated actions, that is,
from practice. This concurs with Badker, who states that, “The user interface cannot
be seen independently of the goal or object, or of the other conditions of the use
activity” (Bedker, 1991, p. 141). This supports the argument of a task or activity-
based understanding of what constitutes intuitive use of user interface elements;
making intuitive interaction by imitating previously known physicality possible,
and by that, familiarising it, by recognition and contextualising physical actions,
letting users remember or associate previous behavioural patterns and processes into
the mediating artefact, as internalisation tools, which is how the ORCA user inter-

face is designed.

A ship-officer stated: ‘I recognise “actions” in the GUI,’ explaining that the various
screen elements in the user interface, made him remember previous and similar
operations and methods when making judgments in the presenz. This is supported
by e.g. Leontiev’s statement of specific modes, operations and methods being crys-
tallised in the mediating artefact (Leontiev, 1978), and as mediated affordances

(Kaptelinin and Nardi, 2012b).

As presented in ch. 3, intuitiveness stems from experience that the user perceives

something as familiar (Blackler et al., 2005; Blackler et al., 2014; Naumann et al.,
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2008; Naumann et al., 2007; Raskin, 1994). This requires that one remember pre-
vious experience, meaning that an event within the action or operation level in the
hierarchical structure of activity, is based on recognising artefacts triggering the
recollection of ‘process’. Recollection of process as a prerequisite for intuitive inter-
action leans on the task- and tool competency required for forming a functional
organ. The perception of intuitive interaction with a user interface may be expected
to emerge, as the use of specific software in a work context, like e.g. the ORCA sys-
tem, which operators, as participants of a skilled worker environment, would use
every day in their work. The use-context would be characterised by domain-specific

competence, and a shared knowledge pattern repository.

In e.g. Blackler et al. (2005, 2011), familiarity is related to experience with products
with similar features, while in Hurtienne et al.’s studies (Hurtienne et al., 2008;
Hurtienne, 2009; Hurtienne, 2017; Hurtienne and Israel, 2007) of the role of
image schemas as representations of interaction patterns, familiarity relates to the
interaction with the physical world and how it facilitates an embodied understand-
ing of the world around us (Johnson, 1987). Findings among the naval personnel,
presented in ch. 8.6.7, suggest that the ‘metaphorical’ recognition of artefacts, as
familiar, would benefit from encompassing familiarity as a recollection of prior pro-
cesses, based on skill and experience. This is in line with Dreyfus and Dreyfus, who
claim that an intuitive understanding must come from previous education and accu-
mulated experience (Dreyfus and Dreyfus, 1986). In relation to intuitiveness, as an
immediate understanding of what to do, findings in ORCA showed that both exper-
ienced and not-so-experienced operators worked with a certain fluidity. Even
though the experienced operators worked slightly quicker, supposedly due to hav-
ing had the time to acquire more skills, thus relying less on clues in the user inter-
face, the less experienced operators also worked with a certain flow, although

slightly less. Image schemas parallel mediated affordances, where they, in an opera-
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tion, trigger experiential recollection of a previous process, i.e. that a present process
is not solely based on recognition of the artefact, but that the mediating artefact
triggers the recollection of previous action making the internalisation process intuit-
ive. This seems to be analogous to the observations of operators’ use of ORCA,
which indicate that interaction with the ORCA interface might be perceived as
intuitive either by [1] through the affordances in the mediated artefact, and [2] by
relying on domain-specific competence based on recollection of previous actions, or
a combination of means that could be a part of what Bedker and Klokmose (2011)

describe as an artefact ecology.

8.5 Artefact ecology and mediated artefacts

Concurrent research on intuitive use of user interfaces (Blackler and Popovic, 2015;
Blackler et al., 2011; Hurtienne et al., 2008; Mohs et al., 2006a; Naumann et al.,
2008), and findings in the empirical material from this case study indicate that we
might find grounds for intuitive use through recognition of metaphors (ch. 3.7.1, p.

80), as elements in the artefact ecology, in the goal of human activity.

Rather than concluding that the cause of what may be perceived as intuitive action
through a user interface is triggered by mediated artefacts alone, or by recollection
of previous operations and actions alone, the findings in the study suggests that it is
the totality, as e.g. Badker and Klokmose (2011) call artefact ecology that trigger
what would appear as intuitive action. This creates a diversity of circumvention pos-
sibilities when human users experience breakdowns facing technically mediated
tools such e.g. a software user interface, and that it is the diversity of the artefact
ecology that would facilitate the variety of approaches that might give users the per-

ception of e.g. performing an operation as something as intuitive.
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There are several mediators in the process of transporting chemicals at sea. One is
the software tool used in the planning process, another tool that is needed in order
to achieve the agreed goal, is the transporting vessel; the third and fourth mediators
in the stowage processes in a shipping company operating chemical tankers are the
rules governing allowed cargo and placement of shipment in relation to each other
(see the USCG Compatibility Chart in appendix 1.), and the organisation itself,
providing the platform into which all other mediations are collected, of which facil-
itating the possibility of collecting the operators’ knowledge repository into a com-
mon, vocational best practice provides the base for employing operations and
actions with expertise. It is, however, the user interface as a mediating tool and part
of the human-computer functional organ, being the centre which facilitates the
primary activity of stowage planning, as well as being the mediator of learning and
development, as a computer-mediated activity that is the main objective of this

dissertation.

The vocabulary, tasks and processes related to the skilled worker context described
in the empirical material, first utilised by working with pen and paper, later in Oth-
ello, and continued in ORCA. The abstracted set of symbols, i.e. the artefacts that
first would inhabit the user interface of Othello was further developed in ORCA,

while representing the same experiential knowledge.
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Figure 55. User-customisation by setting preferences in a dialog box. Interface elements are excluded
or included as to suit individual task flow. Accessing the dialog box is an operation, setting the prefer-
ences will, during practice, transform from an action into an operation. This is a direct action
operation

The notion of artefact ecology in ORCA includes being able to individually adjust
the mediating capabilities to fit the patterns in the operator’s knowledge repository.
One example of this would be K. customising the user interface. She could adjust
the interface elements of a cargo entry in the Operation list by invoking the contex-
tual menu where the user interface could be adjusted to the optimum workflow rel-
ative to her individual level of skill and competence by setting the user interface she
preferred, to show all the modules she required, at a glance without having to scroll
back and forth. The operator can then change the order of how the selected cargo
parameters are visualised in a direct action operation, see fig. 61, p. 235. The main
operating procedure follows the standard modern drag-and-drop design pattern.
This type of direct action stems from Ivan Sutherland’s work on the Sketchpad
(Sutherland, 1963), and later conceptualised as a click-and-drag paradigm by e.g. Jef
Raskin (2000). The research work by Douglas Engelbart at Stanford Research Insti-
tute and later Xerox PARC (Engelbart, 1962; Levy, 1995), was instrumental in the

development of the modern GUI and, and subsequently the tangible interaction
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discourse in exploring prior experience in spatial, embodied and engaged seamless
human-tech-interaction (Dourish, 2004; Hornecker, 2012; Hornecker and Buur,
20006; Ishii, 2008). Also, there are aspects of learning and development related to

the customisation functionality, see ch. 8.8.

8.6 Human-ORCA interaction as a functional organ

Internalisation is, within activity theory, presented as transforming external pro-
cesses into processes undertaken in the internal plane, and is described as simulat-
ing use-activities, and its potential outcome, by mentally testing actions and opera-
tions for a possibly optimal outcome, without actually carry them out in reality.
Kaptelinin and Nardi define internalisation as “a process during which phenomena
external to the subject, both physical and social, become both individual and
internal”, and describe this procedure as a dynamically, bidirectional redistribution
of functional elements with the likely transformation of both the internal and the
external processes, as the individual learns and develops (Kaptelinin and Nardi,

2012a, pp. 16-17).

_ Time |

Novice Advanced beginner Competent Proficient + Expert [1 ]

Innate Sense experience Culture Expertise Use of tools [2]

Internalisation

[3]

Externalisation

Fig. 62 (copy from p. 237 for reading convenience)

Both internal and external processes contribute as the individual transforms and

develops. In figure 62, p. 237, (copied here for convenience), Engestrom’s model of
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expansive learning [3] (1987) is visualised together with Dreyfus and Dreyfus’ skill
acquisition matrix [1] (1986) and Mohs’ knowledge category sources [2] (2006a).

As presented in ch. 2.4.3, Zinchenko (1995), discusses the mediation of a human-
tool relationship that emerges through extensive and longitudinal interaction to
such an extent that the interaction dissolves into an intuitive singularity; i.e. that
the human and the tool melt together through a “master’s introspection”, and con-
tributing to the experiential pattern repository, consisting of both previous actions
and their representative metaphors that we can recognise as similar or related arte-

facts and their related contexts and recollecting previous praxis.

Kaptelinin (1995b) views computer tools, accessed by a user interface, as an exten-
sion of the internal plane of action. By utilising the user interface in ORCA, which
was developed primarily as a simulation and planning tool, supporting a process
that activity theory refers to as the orientation phase (Leontyev, 2009; Kuutti,
1995), the operators could distribute, the processes undertaken on the internal
plane of action into the user interface, using the user interface as a facilitator for

“sketching”.

Figure 56. The operator and the user interface forming a functional organ, letting operators plan and
test stowage outcomes that, without the ORCA user interface, would not have been possible.

By situating the user interface tool as an extension of the internal plane of action, it
also becomes, what in activity theory is defined as, a functional organ (see ch. 2.5,
p. 48), needed in the activity of stowing vessels, where the user interface’s external-
ising capabilities encompass the functionality of ‘easing the burden’ of internalising

possible scenarios - in the mind. Conceptually, this is not radically different from
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what Douglas Engelbart wanted to achieve with his inventions of computer tools in
the augmentation of the human intellect project, predating the Xerox Alto and

Xerox Star (Engelbart, 1962).

Mediated artefacts, that is, the functional screen elements in the user interface,
mediate the mental simulation in the operation- and action-levels, thus becoming
an extension of the internal plane of action. Externalisation, thus, is the process of
transforming the ideas, thoughts, goals, and possibilities; elements of the internal
plane of action, into objects and fulfilled objectives in the real world, and lies at the
very heart of human nature, and so laying the foundation for human culture. Virtu-

ally all human activity is, in one way or another, mediated.

Findings may seem to show ORCA as an enabler for the distribution of the mental
probing in the mind, by the user interface’s mediating power, enabling the external-
isation of the mental simulation of a series of operations and actions, which is in

line with e.g. Kuutti (1995), and Kaptelinin (1995b, 2015).

Figure 57. Human-ORCA functional organ related to levels. The functional screen elements in the
user interface, mediate the mental simulation in the operation- and action-levels, thus becoming an ex-
tension of the internal plane of action, forming a functional organ.

The functionality of mediating the planning process is a central aspect of the user
interface in ORCA as a ‘special’ mediating tool, encompassing the possibilities of

both sequential probing and artefact recognition. In this specific ‘computer-mediat-
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ing’ context, the user works with the user interface, by forming a functional organ,
using it as a probing tool. The operators are mediating the planning process by a
sequence of situated operations and subsequent actions in order to test whether
something works before a final decision is being made, in ways that would not have
been possible without the ORCA program, and as a mediating tool of an activity
where the user works through the user interface towards an objective, as shown in

figures 56 and 57.

A computer model is an abstraction, and might simultaneously represent a physical
object in the real world. Thus, during computer mediated activity, the user interface
mediation can have the character of being both internalising and externalising, and
that this reciprocal ’flexibility’ distinguishes user interface mediation from other
types of mediation; by having an added directional relation by being directed both
inwards towards individual operations and actions [fig. 58:1] and outwards towards

an overlying goal, in the real world [fig 58:2] (Kaptelinin and Nardi, 2012a).

Figure 58. The “duality” of the functional organ is expressed by the subject-user interface mediation
within the functional organ [1], and then between the functional organ and the real world [2].

The ORCA user interface allows for externalising thoughts and plans made in the
internal plane, and it is how the cognitive action on the internal plane is facilitated
by the formation of the functional organ, including its mediating concepts and
symbols in the user interface, which determines the perceived intuitiveness in
human-ORCA interaction. The ORCA interface’s ability to ‘absorb’ and visualise

the work made by the user on the internal plane, supports the integration of the
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human-ORCA functional organ. Whether the mediating concepts and symbols in
the user interface aligns with the user’s thoughts and ideas related to practise, seems
to have a significant influence on the integration of the human-ORCA functional
organ, as functional organs are dependent on the user interface representing a task-
and tool competence on the human side. A well-integrated human-user interface
functional organ will, or a least facilitate, a human-interface interaction that could

be perceived as functional and intuitive.

Thus, the character of internalisation in the human-ORCA functional organ is
based on domain-specific skills, and from an activity theoretical HCI perspective we
could see this activity as a chain of operations and actions that have been practised
sufficiently enough to become intuitive, and also reflected in how the user interface
facilitates the externalisation of the processes in the mind, as the very extension of
the internal plane stated by Kaptelinin (1995b). In the domain specific context of
skilled practice, experience and recollection of previous use-activity provides the
foundation for the tool- and task competence necessary for an innate understanding
of limitations and possibilities of the mediating tool which forms the basis for intu-

itive actions in the user interface.

8.7 A small survey - findings “at sea”

As described in ch. 4, data collection could not be planned in advance in an ideal
manner due to the character of the work: stowage planning includes processing
transportation requests that are received at an arbitrary rate, combined with the
observation premises being located in another city, reachable primarily by plane.

This fact, and to collect data from maritime personnel, with experience from a
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different stowage tool, a small survey was conducted in February 2016, which could

contribute to the data already collected.

Intuitive use relates to prior knowledge, reducing the cognitive workload during
work activities. The QUESI model measures the subjective elements of intuitive
use, and was developed by the IUUI group based on the groups research approach
to intuitive use of user interfaces. Signs of intuitive use as this is defined by the
TUUI group is based on a user’s subconscious application of prior knowledge that
leads to effective interaction (Mohs et al., 2006a; Naumann et al., 2007). This sur-
vey model has been tested towards a variety of interactive systems. i.e. websites, nav-
igation systems and mobile phones, with more than 500 users evaluated (Hurtienne

etal., 2009, p. 3).

The questions in the QUESI survey are divided into 5 subcategories: subjective
mental workload, perceived achievement of goals, perceived effort of learning,
familiarity, perceived error rate. The QUESI survey was used as the model for the
ORCA-survey, however, since the context of use was different from the generic sett-
ing of the QUESI survey; the use context in this thesis was a skilled worker envir-
onment, and the mediated artefact that was being utilised was a user interface for a
specific information system. Therefore, the set of questions were duplicated, in
which the second set, activity was linked to the ORCA interface and the respond-

ents perceived vocational experience. The correlating values are shown in the plots

in figures 59 and 60.

A simple correlation between part 3, that was related to the questions 1-14 - on the
sense of intuitiveness based on the respondent’s general computer competence, and

part 4 was made on the whole group, on the subgroups W-E, showing the
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compared variations in the pattern for intuitive interaction among the participants

in fig. 60.
Sub-groups Question no. Characteristics
W - Perceived mental | 1,6, 11 1. I can use the program without thinking about it
workload 6. The program is not complicated to use
11. I barely must concentrate on using the program
G - Perceived 2,7,12 2. I achieve what I need by using the program.
achievement of goals 7.1 am able to achieve my goals in the way I expect.
12. The program helped me recognise what I had to do
to completely achieve my goals.
L - Perceived effort of 3, 8, 13 3. The way the program works is immediately clear to
learning me.
8. The program was easy to use from the start.
13. It is clear to me straight away how the program is
used.
F - Familiaricy 4,9,14 4.1 can interact with the programin a way that seems
familiar to me.
9. It is always clear to me what I have to do to use the
program.
14. T automatically do the right thing to
achieve my goals.
E - Perceived error rate ' 5, 10 5. I can easily fix problems if they should occur.

10. The process of using the program goes smoothly.

Table 7: The questions and corresponding numbers distributed on subgroups. The answer scale ranged
from 1:Fully disagree’ to 5: ‘Fully agree.” See appendix 2, part 3.

Sub-groups Question no. Characteristics

W - Perceived mental 15, 20, 25 15. The ORCA interface uses the same ‘images’ as I am used
workload to in the regular stowing process, therefore I can use the

program without thinking about it.

20. Since ORCA works the way we usually do when
stowing the ship, the program is not complicated to use.

25. Since the program operation simulates regular stowage
task flow, I must barely concentrate when using ORCA
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G - Perceived 16, 21, 26
achievement of goals

L - Perceived effort of 17, 22,27
learning

F - Familiarity 18, 23, 28

E - Perceived error rate 19, 24

16. Because of my experience with
regular stowage task flow I achieve what I
need by using the program.

21. The ORCA interface uses the same
‘images’ as I am used to in the regular
stowing process, therefore I am able to
achieve my goals in the way I expect.

26. Because of my experience I could
detect it when the program helped me
recognise what I had to do to completely

achieve my goals.

17. ORCA works the way we usually do when stowing the
ship, therefore it is immediately clear to me the way the
program works.

22. Since ORCA works the way we usually do when
stowing the ship, the program was easy to use from the

start.

27. Because of my experience with regular stowage task

flow, it is clear to me straight away how the program is used.

18. Since the program operation simulates
regular stowage task flow, I can interact with the program in

a way that seems familiar to me.

23. Since the program operation simulates regular stowage
task ow, it is always clear to me what I have to do to use the
program.

28. The ORCA interface uses much of the same ‘images’ as
am used to in the regular stowing process, therefore I
automatically do the right thing to achieve my goals.

19. If problems occur, I can easily fix them, in the same way
I fix problems that occur during a regular stowing process.

24. Because of my experience with regular stowage task
flow, the process of using ORCA goes smoothly.

Table 8: The questions and corresponding numbers distributed on subgroups in table 5 extended with
aspects regarding the understanding of the user interface connected to previous experience and recol-

lection of stowage operations. The answer scale ranged from 1:” Fully disagree’ to 5: ‘Fully agree.” See

appendix 2, part 4.

Figure 59 shows the variation of perceived intuitiveness while working with the

ORCA user interface. By correlating between interaction independent of previous

experience (x-axis) and intuitive interaction based on previous stowage experience
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(y-axis), the trending pattern towards interaction with a user interface being per-

ceived as slightly more intuitive when related to previous experience.

Figure 59. The total average values interaction with the ORCA system, correlating between interaction
independent of previous experience (x-axis) and the perceived intuitive interaction based on previous
stowage experience (y-axis). The plot indicates a slight increase in perceived intuitiveness when the par-
ticipants were asked to relate user interface interaction with previous experience.

The range in age among the participants was 24—53 (n=25, one participant did not
answer the question about age), while the range in years of experience ranged from
0 (just started right after finishing education) to 15. Correlating between age and
experience, one anomaly emerged: one respondent reported current position as
Master, with 10 years of experience, and being 24 years of age. This respondent
reports current position as being Master; being a vocational term that is presumably
not the result of a typo. Being Master concurs with having 10 years of stowing
experience, which leaves us with the assumption that this respondent has made a
typing mistake when answering the question about age. This respondent’s answers

to the other questions in the questionnaire have been retained since the analysis
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does not take age into account, but only the participant’s perception of the interac-
tion with the user interface in ORCA based on stowage experience, and not. The
reason for this is that almost all participants in the survey (n=20) have equal or
equivalent education, university college or naval university college, as their highest
education, while two participants’ highest education was a university degree and
one participant had a degree from naval school. Two respondents did not answer

the question about education.

The plot of the total score findings in figure 59, p. 228, shows that on average, a
significant number of participants’ perception of intuitive interaction range from
slightly above 3.00 (neutral), and with the majority of the findings up towards 4.00
(mainly satisfied), which would indicate that the perception of interaction as intuit-
ive was slightly higher, i.e. the users’ perception of interaction was slightly more
pronounced towards having an intuitive character, when related to previous stowage

experience.

When distributed on subgroups W-E, the average number in the findings range
from 3.26 to 4.01 on questions 1-14 in table 9, while average numbers on questions
15-28 in table 10 are shown to range from 3.35 to 3.70. This shows that, apart from
subgroup G, perceived achievement of goals, the numbers from questions 15-28,
where the answers are given based on the participants reflecting on previous experi-
ence, follows the trending pattern of the total score shown in figure 59 (p. 228),
and shows a more pronounced perception of being able to interact intuitively
through the ORCA user interface. The findings also show a greater degree of homo-
geneity and a smaller window of variation in the answers on questions 15-28 in

table 10.
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Subgroup Characteristics M SD Min Max
W perceived 3,320512821 0,458859748 1,00 5,00
mental
workload
G perceived 4,012820513 0,05875097 1,00 5,00
achievement of
goals
L perceived effort 3,371794872 0,270144968 1,00 5,00
of learning
familiarity 3,525641026 0,256089543 1,00 5,00
E perceived error  3,269230769 0,435142635 1,00 5,00
rate

Table 9: Average findings distributed by subgroups, questions 1-14 in part 3 in the questionnaire.

| Subgroups Characteristics M SD Min Max

\% perceived 3,358974359 0,32711156 1,00 5,00
mental
workload

G perceived 3,692307692 0,038461538 1,00 5,00
achievement

of goals

L perceived 3,576923077 0,341853631 1,00 5,00
effort of
learning

familiarity 3,705128205 0,197369286 1,00 5,00
E perceived error | 3,423076923 1 0,271964147 1,00 5,00

rate

Table 10: Average numbers distributed by subgroups where the findings are related to the participants
reflecting on previous vocational experience, questions 15-28 in part 4 of the questionnaire.
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Comparing the findings distributed on subgroups, the following patterns emerge:

mental (w)- ion part 3/part 4 Score - Perceived achievement of goals (G) - correlation part 3/part 4

IS

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience
~

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience

2 3 4 5 1 2 3 4

Part 3: Interaction with ORCA, independent of previous experience Part 3: Interaction with ORCA, independent of previous experience

Score - Perceived effort of learning (L) - correlation part 3/part 4 Score - Familiarity (F) - correlation part 3/part 4

IS

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience
Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience
~ w

1 2 3 4 5

2 3 4
Part 3: Interaction with ORCA, independent of previous experience Part 3: Interaction with ORCA, independent of previous experience

Score - Perceived error rate (E) - correlation part 3/part 4

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience
.
.

1 2 3 4 5
Part 3: Interaction with ORCA, independent of previous experience

Figure 60. Average values distributed on subgroups W, G, L, F and E. (See larger versions, with a
higher resolution, of these plots in appendix 6).

The average value in interaction with the ORCA system, correlating between inter-
action independent of previous experience (x-axis) and the perceived intuitive inter-
action based on previous stowage experience (y-axis). See appendix for bigger resol-

ution of single plots.

The findings in subgroup W (top left) on questions 15-28, suggest a smaller per-
ceived mental workload by the participants when relating the answers to their previ-

ous experience. The findings in subgroup L (mid left), show a higher degree of ‘ease
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of learning’ when relating to an already established base of knowledge coming from
previous experience. The most pronounced trend in the material is shown in sub-
group F - familiarity. The findings in this group show the strongest pattern towards
a higher perception of intuitive interaction when the participants relate to previous
experience. This is expected as previous research, and literature describes familiarity
as the most prominent basis for intuitive interaction (Blackler et al., 2011; Nau-
mann et al., 2008; Raskin, 1994). The findings in subgroup E (bottom), show a
prominent but slightly scattered pattern towards a lowered error rate among the
participants based on previous experience. Overall, the emerging pattern is trending
towards interaction with ORCA being perceived as more intuitive when the parti-
cipants relate to previous experience, which is strongest in subgroup E The response
on the questions in subgroup G received a good response in both parts 3 (questions
1-14), and 4 (questions 15-28). However, it does not seem that previous experience,
‘sans’ education, might have a noticeable impact on the participants’ perception of
achievement of goals. A significant number of participants had a similar education:
vocational/naval school, university college/naval university college, or university,
which, by providing them with a common educational base might have had a

smoothing impact on the responses related to vocational knowledge.

Answers from the survey indicate that the naval users perceive the ORCA system as
slightly more intuitive when answering questions about how they perceive the inter-
face linked to their previous maritime experience than when they answer questions
about interaction in the user interface in general. Also, the user interface’s use of
metaphors taken from vocational real-life seems to be a factor that evens out or

smooths the difference between the various levels of experience.
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8.8 Learning and development

In the ORCA-project, the expansive cycle of development was also recognised both
individually and organisationally in the development process. When the previous
system at the company headquarters, Othello, was introduced, it was the first com-
puter-based stowage system installed in the company. All operators had previously
used pen and paper forms in the stowage planning, thus being novices when having
to utilise computers in the stowage planning process. Engestrom’s concept of devel-
opment, and expansive cycle of learning (Engestrom, 1999a) shows a strong focus
on internalisation, as the new software is being learned and ‘memorised’, and dur-
ing disruptions and contradictions, becoming self-reflective, followed by an
increased focus on externalisation possibilities, as the operator, armed with voca-
tional experience, search for solutions in the user interface. During this learning
process, internalisation and externalisation are dialectically balanced into a new,
established, work pattern which in turn is internalised in the mind and sub-
sequently externalised into intuitive interaction as operations in the user interface.
Vygotsky’s concept of the zone of proximal development that is describing the
different levels of development, with and without guidance, i.e. we might reach a
certain level of development on our own—but by being with someone more cap-
able—in the proximity of a ‘more knowledgeable other’, we might reach a higher
level of potential development that is characterised by working in collaboration
with e.g. more experienced peers (Vygotsky, 1978). In the context of computer-
mediated activity, as e.g. in the stowage process within the ORCA system, the ‘more
knowledgeable other’ could be another, more experienced operator. However, in the
context of the use of software, designed on the foundation of experience and best
practices, ‘the more knowledgeable other’ could be the guides and methods that

have been inscribed in the program.
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As presented in ch. 5.4.1, there was a rather significant discontent among operators
related to the instability and cumbersome use of the previous system, Othello. This
lead in turn to the operators stopping using the software, and returning to the old
way of pen and paper when stowing the vessels, showing what in activity theory is
termed contradictions, representing a lack of coherence between the operators’
desired and expected way of executing operations in the user interface, within the
designated timeframe, and expected system feedback. An operator complained e.g.
that the program did not show warnings if something went wrong or simply
crashed, but just, as one operator said: ‘crashed silently’ (ch. 5.4.1), causing prob-
lems, glitches, delays and breakdowns. In activity theory, such contradictions are
regarded as sources for change and improvement - development (Kuutti, 1995). In
an organisational development perspective, therefore, and for the sake of the stow-
age process as an activity system, the company had to develop a new stowage plann-
ing system that could adequately support a work flow based on established best
practices, i.e. stowage planning by testing a simulation, visually - in a ‘learning by
expanding’ manner. By grounding it on the acquired deep knowledge among exper-
ienced users and experts in the organisation, and by inscribing the existing task-
competence into the software, ORCA was intended to become the platform for

learning and development.

In the Vision Scope document for the project, it was stated that, in addition to
assisting the personnel in obtaining the highest possible vessel utilisation, and
ensure high quality stowage, the program had to be user-friendly and intuitive to
use, and assist users in their daily work, and further develop their skills and know-

ledge of stowing chemical tankers.

They generated a set of specifications relied entirely on previous practice - intention

and action. On top of the user requirements list was «Good user experience/friend-
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liness». From observations, the findings show that the system follows the Vision
Scope document closely, and facilitates for users to adjust parts of the user interface,
approximating a personalised vocational familiarity. K., an experienced operator,
demonstrated how she could alter e.g. the tab order in the Operation list in the

main user interface.

Figure 61. Customisable user interface - the various parts of the user interface, here, the tabs in the
Operation List, can be moved.

K. explains how the GUI can be adjusted to the optimum workflow relative to the
operator’s skill and competence, and sets the user interface she prefers to show all
the modules she requires, at a glance without having to scroll back and forth. This is
parallel to what e.g. Trigg et al. calls ‘adaptability through tailorability’ (Trigg et al.,
1987, pp. 725-726). The main operating procedure follows the standard modern
drag-and-drop design pattern.

This feature of customising the user interface in ORCA, to fit the individual oper-
ator’s skill-based workflow, skill and competence, was invoked by an established
design pattern for accessing contextual menus in a user interface: the right-click/
control-click, and would additionally aid the user in fitting the user interface to the
externalisation of the mental probing of possibilities from being a mere thought, to
operations and actions in the user interface. This customising functionality, of mov-
ing parts of the user interface would support the activity theoretical concept of
internal and external activities transforming each other. The operator could change

how the tool mediated the activity, and at the same time, being aware of this pos-
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sibility, the tool would reciprocally influence how the operator would reach the

objective.

8.8.1 Novices and experts and intuitive use

The current literature on intuitive interaction points at experience as the main pre-
requisite for familiarity, and discusses familiarity as the precondition for intuitive
action. In ch. 6.2 on designing relations, and 7.1 on user interaction in ORCA,
findings indicate that knowledge and experience being accumulated, and changes
from being recently gained and new, to becoming previous knowledge and experi-
ence at various sections in the transition process, and by that becoming a part of the
domain-specific knowledge (Popovic, 2000), and knowledge pattern repository
(Simon, 1955). By pinpointing the knowledge sources, Mohs et al. (2006a)
describes the sources in an expert-novice continuum going from: innate, sense
experience, cultural, expertise, to the use of tools, recognising that as we approach
the tool-plane the more domain-specific our knowledge becomes. The skilled
worker context, described in the case description and the findings, relates to the two
upper levels: expertise- and tool-level; that in Mohs et al. (2006a) would resemble
the features of ‘Domain-Specific Knowledge’, and “Task Experience and Expertise’
in Popovic (Popovic, 2000, p. 935). However, in Popovic, ‘Domain-Specific Know-
ledge’, and “Task Experience and Expertise’ rest on general knowledge, that in Mohs
et al. originates with innate knowledge and develops through sense experience and
cultural influence. The number of computing devices in society has increased dra-
matically during the last couple of decades. There is nothing inherently intuitive in
activities related to computers. Every aspect of computers is, at some point, an
acquired skill. However, leaning on Svanas, who states that we save and remember
the knowledge of how computers work and operate, and add to this stored know-
ledge when new pieces of software are made or ways of operating the software are

created within an existing structure (Svanas, 2000), might explain how knowledge

236



Chapter 8 - Mediation in ORCA

and experience in utilising computers as mediating tools, increasingly has become a
part of the cultural set of experiences, competences and skills, in what Simon calls
the societal knowledge pattern repository (Simon, 1955). What we perceive as intu-
itive would, then, in addition to the recollection processes, i.e. experiences, be
biased by cultural and social shaping of activities, leading intuition, too, to be cul-
turally dependent. As shown in figure 62, where Mohs et al. [2] situates culture as
one of the contributors, and prerequisites for expert knowledge in the novice-expert
continuum and subsequent intuitive interaction, but, as shown by Popovic (2000),

not being a part of the domain-specific knowledge.

_ Time

Novice Advanced beginner Competent Proficient + Expert [1 ]

Innate Sense experience Culture Expertise Use of tools [2]

Internalisation

[3]

Externalisation

Figure 62. The transformation process of learning. The reciprocal process of expansive learning by the
transformation of both internal and external process as the individual transforms and develops. Here,
Engestrom’s model of expansive learning [3] is combined with Dreyfus and Dreyfus’ skill acquisition
matrix [1] and Mohs” knowledge category sources [2]. This illustration should only visualise that both
internal and external aspects contributes to the transformation and development processes. The models
are not placed in ‘time-sync’ in relation to each other.

In the ORCA case, this experience with culturally mediated tools and artefacts
combined with educational similarities might explain why the responses shown in
the answers to the questions about perceived intuitiveness in part 3 and part 4 in
the survey, shows a slight difference in their perception of the user interface as intu-
itive. The responses in part 4, which relate to the connection of previous experience
as a naval officer on board a chemical tanker to the use of the system, shows a
slightly increased tendency to perceive the interaction as familiar, related to the
mental workload, perceived achievement of goals, perceived effort of learning,

familiarity and perceived error rate, compared to the received responses in part 3
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that were independent of previous naval experience (see figure 59, p. 228 and 60, p.

231). However, the difference was small, as discussed in ch. 8.3.4.

8.9 Chapter summary

In this chapter I have discussed observations of the operators from a mediation per-
spective, indicating that the perception of interactions in a user interface as intuitive
emerges through the transformations of actions into automated operations, and
overcoming contradictions, and that in ORCA, by supporting domain-specific best
practices, the user interface becomes transparent when mediating automated opera-
tions supporting the process of intuitive interaction as emerging from the trans-

formation of actions into operations.

While the ORCA user interface becomes transparent in ordinary use, it becomes
‘visible’” when problems arise, as they constantly do during stowage planning of

chemical tankers, similar to all activities in activity theory.

Through the operators’ efforts to overcome the contradictions, which in ORCA
consist of regular actions such as testing of stowage solutions, daily stowage plann-
ing through the ORCA user interface, will be in a continuous dialectical develop-

ment process .

The ORCA user interface is designed to allow users to utilise errors or uncertainties
to test and simulate solutions and to mediate these operations and actions in a
sequential structure, which indicates that intuitive interaction does not just happen
through momentary interactions, but may also emerge through sequences of
actions. Thus, it is a tool aimed at operating in a skilled worker environment. The

operators need to have a certain task-competence because ORCA is so closely
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linked to an established practice of doing things. This task-competence is inscribed
into the user interface where the screen artefacts then represent familiar shapes,
terms and concepts, thus performing operations in a familiar way, or become a part
of a sequence of actions, extending human capabilities in a way that allows the

human-ORCA functional organ to work as one unit.
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CHAPTER 9.

Concluding remarks

What is intuitive interaction? The work conducted in this thesis has aimed to
answer this question by exploring the foundation and concept of intuitiveness from

the perspective of computer-mediated interaction in a skilled worker environment.

The newly developed ORCA software is a program for the stowage planning of
chemical tankers that is designed to allow users to utilise errors or uncertainties as
learning points, and to mediate these operations and actions in a sequential struc-
ture. Analysing patterns of use among ORCA operators indicates that intuitive
interaction does not just happen through momentary interactions, but may also

emerge through sequences of actions.

Intuitiveness, as related to a momentary, single operation that has often been the
locus of HCI research related to a computer-mediated intuitive activity. Interaction
with the ORCA user interface shows that intuitive interaction can be complex, i.e.
both momentary and immediate interaction, and as a sequence of operations being
perceived, over time, as one fluid action, knowing what the next step in that

sequence of operations will be.
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In ORCA, intuitive interaction does not primarily occur instinctively and quickly
as a momentary doing, but is rooted in contradictions (as all activities in activity
theory), and emerge as actions that consist of sequences of single operations that are
transformed into one. ORCA is closely linked to practise and has inscribed the
domain-specific competence into the user interface. This shows that there are no
significant conflicts between a momentary approach to interaction and an approach

to interaction as a sequence of actions.

Thus, it is a tool aimed at operating in a skilled worker environment. The operators
need to have a certain task-competence because ORCA is so closely linked to an
established practice of how things are done, which is inscribed into the user inter-
face. The screen artefacts represent familiar shapes, terms and concepts; thus opera-
tions can be undertaken in a familiar way, or become a part of a sequence of
actions, extending human capabilities in a way that allows the human-ORCA func-

tional organ to work as one unit.

The second question was, ’How intuitive interaction can be designed?” This thesis
reports from a software development project, where much attention was given to
the users. The developers moved in and stayed with the users throughout the pro-
ject, where the aim was to understand the possible impact this level of proximity
might have had on the cooperation between the developers and the users. Co-locat-
ing the development team and the users not only in the same building, but in adja-
cent rooms on the same floor, created a proximity that gave the participants the
experience of being accountable in the software development process, as well as
making the domain-specific competence immediately accessible. For the ORCA
project, this approach ended in a stowage planning system that has completely
absorbed the task-competence originating from practice, which is all about testing

whether something is possible or not, and in the correct order. Thus, the program
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must be able to absorb complexity, supporting the idea that not only momentary

actions but also complex actions can be performed intuitively, as this is elaborately

discussed in chapter 7: Use of ORCA, and 8: Mediation in ORCA.

9.1 Thesis contribution

The thesis contributes to the field by connecting the notion of intuitiveness as an
emergent quality that occurs through a dialectical process of transforming actions as
collections of sequential single ‘operations’ into one fluid operation, showing that a
complex action can be performed intuitively as an operation, related to the exten-
ded capabilities of the human-computer functional organ. Kuutti & Bannon’s paper
(2014), which reviews as problematic that research on intuition within HCI, until
now, has been focused almost entirely on momentary actions, where the character
of operation resembles that of being instinctive. Thus, this thesis aims at contribut-
ing by suggesting that the perception of intuitive interaction in user interfaces may

emerge as a result of development.

This thesis is contributing to practise, with implications for the process of systems
design, by identifying aspects of intuitive interaction, and a suggestion on how
intuitive interaction, in a human-computer interaction context, might be designed,
by suggesting that software which facilitate the handling, or even embracement of
contradictions or breakdowns as possibilities for progress could inform practitioners
in designing systems that would facilitate development through ‘dialectical’ error
handling, and that the extreme form of participatory design presented in this thesis

might point in a direction from which modern systems design could benefit.
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9.2 Future work and research

The case study is focused on the human-interface interaction in a narrow niche pro-
gram in a particular vocational field, where the findings indicate that intuitive inter-
action might emerge from complex actions evolving into single operations. The
emergence, and increase, of ordinary people’s needs of computers in order to solve
ordinary, everyday tasks—i.e. computer-mediated everyday activities, means that
issues of human agency related to the use of computers are of general importance.
Further studies, of the action-operation dynamics of use-activity in a broader con-
text, including cases that would not necessarily be regarded as best practices, would

seem like a natural direction for future work.

Also, the findings from the ORCA system, with its focus on embracing and over-
coming contradictions as means for intuitive interaction through development
might point in the direction of researching the character of mediation and pro-

spective intuitive human-technology interaction.

9.3 Limitations

The case study has investigated the development and use of the specific niche soft-
ware of stowage planning of chemical tankers—ORCA, and was undertaken in a
skilled worker environment, and one limitation regarding the validity of the find-
ings is the lack of applicability in general, and that it might prove as a challenge to
find similar findings in other contexts and user groups. Additionally, although
human activity towards a specific goal might have a similar character, the use activ-
ity might be interpreted differently in a different perspective, thus providing differ-

ing results.
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The main method for the case study, both for the development and post-imple-
mentation use phases has been semi-structured interviews and non-participant
observation in the field. Observation of use was restricted by the fact that stowage
activity happened in a random pattern which made access to the observation field
similarly random, thus difficult to plan. This was solved by setting up simulation
sessions, with real cargo and real vessels, but with simulated stowage planning. This
provided realistic stowage operations, actions, and activities, but within a timeline
more compressed than would have been normal within a regular stowage session.
Since the tasks undertaken in the user interface, and their relation to the each other
in the hierarchical activity structure, have been the primary focus of the analysis
have been sequences of operations and actions. Therefore they are, individually, not
affected by this simulated compression, and it is unlikely that this affected the res-
ults, but it should be mentioned here as an element of the description of possible
limitations. More observations would have been desirable, but realistic simulations
greatly increased the number of observed interactions in the user interface, causing
the amount of observation data to be somewhat greater than the number of obser-

vation sessions might indicate.

The collection of data was influenced by the fact that observations could not be
planned in advance. Combined with observation premises being rather distant, and
with somewhat limited access to the field of data collection, depending on e.g. fre-
quent air transportation, led to the qualitative material having a slightly smaller size
than would have been preferred. A survey was conducted in February 2016 among
naval personnel as an effort to supplement the data collected from the interviews
and observation sessions, especially the findings related to the discussion of interac-
tion based on domain-specific competence. However, it is only the users” descrip-
tions of their impression of how they experience the interaction with the user inter-

face in ORCA, post factum. There is a significant degree of uncertainty, and pos-
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sible heuristic bias connected to the answers from the survey, and to conclude from

these findings would be questionable.

The empirical material in this thesis suggests that intuitive interaction in user inter-
faces emerges from the transformation of use-activity, evolving from actions to
operations, that stems from the dialectical processes of internalisation and external-
isation within a human-computer functional organ. However, there are still many
studies to be done in order to reach a greater degree of understanding of what intu-
itive interaction is, and how it might be designed. This thesis shows just one pos-

sible approach among several.
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Appendix 1. US Coast Guard Compatibility Chart

260



Appendices

Appendix 2. Survey form, intuitive interaction ORCA 2016

Intuitive interaction in ORCA

Part 1 of 4

Dear respondent,
This questionnaire is designed to record your evaluation of the stowage system, ORCA. The qu-
estionnaire consists of 28 questions and answering them should take about 5 minutes.

The questionnaire is not designed to assess you or your abilities, but only your evaluation of this
stowage planning tool, as an experienced and skilled worker. The information you provide will be
kept anonymous and will not be able to be used to personally identify you.

(Questions marked with an * are mandatory)

Part 2 of 4

About you
Would you please tell us a little bit about your background. You will remain anonymous.

| have been using ORCA for *:
| have just started
half a year
half a year - year
more than a year

Age:

Highest Education:
High school
Vocational / naval school
University college / Naval university college
University
Other

Years of stowage experience * :

Current position:

Part 1 and 2 of the ORCA survey
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Part 3 of 4

Interaction with ORCA

screen elements in the user interface.

questions out.

These questions are related to how intuitive you perceive the ORCA user-interface to be in a
general sense, ie. without using or utilizing your prior experience with stowage processes. How do
you perceive the interaction with the program by relying entirely on the icons and other graphical

Note: There are no right or wrong answers. Please answer spontaneously and don’t leave any

Fully
Disagree

Mainly
Disagree

Neutral

Mainly
Agree

Fully
Agree

1. | can use the program without
thinking about it.

2. | achieve what | need by
using the program.

3. The way the program works
is immediately clear to me.

4. | can interact with the program
in a way that seems familiar to me.

5. | can easily fix problems if
they should occur.

7. 1 am able to achieve my goals in
the way | expect.

9. Itis always clear to me what | have to do
to use the program.

10. The process of using the program
goes smoothly.

11. 1 barely must concentrate on using
the program.

12.The program helped me recognise what | had
to do to completely achieve my goals.

13.1tis clear to me straight away how
the program is used.

14.1 automatically do the right thing

to achieve my goals.

Part 3 of the ORCA survey
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Part 4 of 4

Perceived intuitive interaction in ORCA, based on your
stowage experience.

These questions are related to how intuitive you perceive the ORCA user-interface to be, based on
your knowledge of and experience with regular stowage processes, ie. how is your prior acquired
experience and knowledge helping you in operating the program.

Note: There are no right or wrong answers. Please answer spontaneously and don’t leave any

questions out. Fully | Mainl Mainly | Fully
Disagree | Disagree | Neutral Agree Agree

15. The ORCA interface uses the same ‘images’ as | am
used to in the regular stowing process, therefore | can
use the program without thinking about it

16. Because of my experience with regular stowage task
flow | achieve what | need by using the program.

way we usually do when stowing the
ship, therefore it is immediately clear to me the way the
program works.

18. Since the program operation resembles regular stowage
task flow, | can interact with the program in a way that
seems familiar to me.

19. If problems occur, | can easily fix them, in the same way |
fix problems that occur during a regular stowing process.

20. Since ORCA works the way we usually do when stowing
the ship, the program is not complicated to use.

21. The ORCA interface uses the same ‘images’ as | am
used to in the regular stowing process, therefore | am
able to achieve my goals in the way | expect.

22. Since ORCA works the way we usually do when stowing
the ship, the program was easy to use from the start.

23. Since the program operation resembles regular stowage
task flow, it is always clear to me what | have to do to use|
the program.

24. Because of my experience with regular stowage task
flow, the process of using ORCA goes smoothly.

25, Since the program operation resembles regular stowage
task flow, | must barely concentrate when using ORCA

26. Because of my experience | could detect it when the pro-
gram helped me recognise what | had to do to complete-
ly achieve my goals.

27. Because of my experience with regular stowage task
flow, it is clear to me straight away how the program is
used.

28. The ORCA interface uses much of the same ‘images’ as
I am used to in the regular stowing process, therefore |
automatically do the right thing to achieve my goals.

Part 4 of the ORCA survey
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Appendix 3. Survey. Findings - questions 1-14
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Appendix 4. Survey. Findings - questions 15-28
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Appendix 5. Plot - correlation average values part3/part4
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Appendix 6. Correlation patterns - Subgroups W-E.

Perceived mental workload (W) - correlation part 3/part 4
5 .

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience

1 2 3 4 5
Part 3: Interaction with ORCA, independent of previous experience

Score - Perceived achievement of goals (G) - correlation part 3/part 4

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience

1 2 3 4 5
Part 3: Interaction with ORCA, independent of previous experience

267



Appendices

Score - Perceived effort of learning (L) - correlation part 3/part 4

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience
w
[ ]
L ]

1 2 3 4

Part 3: Interaction with ORCA, independent of previous experience

Score - Familiarity (F) - correlation part 3/part 4

Part 4: Perceived intuitive interaction with ORCA,
based on previous stowage experience
w
L ]
L ]

1 2 3 4
Part 3: Interaction with ORCA, independent of previous experience
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Part 4: Perceived intuitive interaction with ORCA,

based on previous stowage experience

Score - Perceived error rate (E) - correlation part 3/part 4

) .
. . . .
. . .
. .
. . .
. .
2 3 4 5

Part 3: Interaction with ORCA, independent of previous experience
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