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make me happy every day such that I can always enjoy the things I want to do. Especially, I want
to thank my mum and dad for providing me the chance to develop myself the best way possible, my
housemates and former housemates for providing such a warm home, Rick for supporting me so greatly
during this research with his continuous valuable feedback and comic utterances and last, but certainly
not least, Stephanie for always believing in myself, supporting me in all I do and her love.
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Executive Summary

For several years software companies promise to provide businesses with systems which use cognitive
principles such as humans have, to support decision making based on large amounts of data. The
scientific field of Artificial Intelligence (AI) is a major driver behind these software technologies.

AI-driven software systems are considered to have a lot of potential when applied to knowledge-
intensive business processes of organisations (Power, 2015). However, organisations initiating transfor-
mation projects to apply AI techniques to their systems experience this as challenging (The Economist,
2015b). This has two main causes. First of all there is no shared understanding present amongst stake-
holders to communicate effectively and efficiently about how these new business-AI concepts can be
utilised in favour of the business (van der Hulst, 2015). Second of all, companies find it hard to develop
AI technologies into business solutions, especially with the technology moving so fast (Power, 2015).

Concluding from above, there appears to be little knowledge about the design, development and imple-
mentation of AI software within business processes. Furthermore, it seems that no consistent language
and definitions of the concepts exists to properly communicate about these transformational projects.
AI is concerned with the design and development of intelligent systems, which on its turn is coupled
to cognition. When AI software is designed, developed and implemented in an organisation for the
purpose of improving the operation of a business process, it thereby addresses the cognition utilised in
this business process.

The statements above led to the formulation of the objective of this research, to strengthen the
scientific understanding of knowledge-intensive business processes of which their cognition is enhanced
by integrating Artificial Intelligence software, and support their development. With cognition enhanced
is meant here the utilisation of AI methods and techniques (software), delivered by computerised
machines, to improve the cognition which is utilised to perform the business process.

Preliminary research shows that the design of AI systems for business processes is often done free-
wheeling, without properly conceptualising the design. Thereby, steps such as the formulation of
requirements, concept generation and evaluation of concepts are skipped in the design process. How to
properly construct a conceptual design seems a gap in scientific literature. The research described in
this thesis therefore constructed a conceptual design process (CDP) to support the design of cognition
enhanced business processes, worded in the following main research question:

Can a conceptual design process of knowledge-intensive business processes be
created, such that the cognition utilised in the process can be enhanced by
integrating Artificial Intelligence software?

iii



Executive Summary

The research approach Research through Design (RtD) is used to provide an answer to this research
question. This approach provides a exploitative way to gain the insights needed to answer the research
question above by performing a design exercise. Here, the conceptual design phase from the field
of Design Science is leveraged, providing a sequence of steps a conceptual systems design sub-phase
consists of (Dym and Little, 2010). In order to study the cognition utilised in business processes, this
research took an integrated systems perspective on cognition, found in the scientific field of Cognitive
Systems (Langley, 2011; Heylighen, 2011).

In essence, the CDP generates possible ways for AI software to enhance the cognition expressed in a
business process by matching the cognitive capabilities of the software to the cognitive requirements of
the business process. Next, these so called cognitive possibilities are combined into design alternatives,
which can be assessed by applying metrics. Based on this selection, the most appropriate design
alternative for the business process at hand can be chosen.

The CDP created in this research consists of six components. Four of the components comprise
of design steps to be executed, therefore called here sub-design processes. The first sub-design pro-
cess of the CDP elicits the cognitive requirements of the business process under review and is called
the Cognitive Requirement Design Process (CRDP). The CRDP can be conducted by performing the
following five steps:

1A. Decomposing the business process to tasks and roles and formulating stakeholders’ requirements
1B. Collecting preliminary domain knowledge
1C. Identifying sub-tasks and types of knowledge that are required to perform the tasks under review
1D. Extracting the cognitive activities from the tasks at hand
1E. Formulating cognitive requirements based on the cognitive activities extracted

The second sub-design process of the CDP elicits the cognitive capabilities of the AI software under
review and is called the Cognitive Capabilities Design Process (CCDP). The CCDP can be conducted
by performing the following four steps:

2A. Decomposing the selected AI software to its services
2B. Identifying the corresponding methods and techniques for each service
2C. Establishing the cognitive functionalities of each service of the software
2D. Formulating cognitive capabilities based on the cognitive functionalities established

The third sub-design process of the CDP generates the design possibilities for AI software in the
business process under review and is called the Cognitive Possibilities Design Process (CPDP). The
CPDP can be conducted by performing the following three steps:

3A. Categorising the cognitive requirements and cognitive capabilities by cognitive function
3B. Structurally matching the cognitive capabilities to the cognitive requirements
3C. Analysing each potential match and formulating the rationale for each match

The fourth sub-design process of the CDP comprises the generation and selection of design alternatives
and is called the Design Alternative Generation & Selection Process (DAGSP). This design process
state uses the design possibilities generated in the CPDP as input. The DAGSP is not specifically
addressed in this research, but introduced for the purpose of completeness.
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This research found that the four components presented above are often not solely performed in a
sequential way. Therefore, a fifth components of the CDP is responsible for the co-ordination of the
whole design process, providing a design process strategy and allocates resources such as time and
information amongst the design processes. This component is called Design Process Co-ordination
(DPC), named after the theory that describes such design process component.

AI technology cannot be leveraged without data that fuels these technologies. Therefore, when design
AI-driven solutions using the CDP, the design has to fit to the data available. The sixth and last
component of the CDP created in this research comprises a Data Availability & Quality Assessment
(DAQA) that ensures fitness of the design to data.

The six components described above form together the final conceptual design process as envisioned
in this research. After validation, the CDP indicates that conceptually designing cognition enhanced
business processes can be done by considering the cognitive requirements of the business process and
cognitive capabilities of AI software. This answers the main question of this research. Figure 1 shows
the created conceptual design process in a schematic way.

Design Alternatives 
Generation & Selection 

Process

Cognitive Capabilities 
Design Process

Cognitive Requirements 
Design Process

Design Process 
Co-ordination

Cognitive Possibilities 
Design Process

Conceptual Design Process

Data Availability & Quality 
Assessment

Legend

Component

Flow of resources

Figure 1: The conceptual design process created in this research, indicating in light grey striped
the component not addressed in this research
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Due to the exploratory character of this research, a number of other insights are generated while
creating the CDP. These insights are:

1. A human-centric perspective can be valuable for the design of AI-driven solutions, to construct
intelligent business systems

2. Examining the cognition utilised in a business process can support the identification of the
potential to smarten its operation

3. An integrated systems perspective on cognition (i.e. cybernetics) can be a valuable perspective
for the design of AI solutions in business processes

4. A integrated systems perspective on cognition can provide potential lean improvements in an
organisation

5. More focus on the conceptual design of AI solutions for business processes can lead to better
designs and thus better solutions

6. Considering the current state of practice, optimising the current operations through cognition
enhancement by integrating AI software should be preferred over a complete re-design of the
business process itself

7. At this moment in time, no single commercial AI software package can deliver all possibilities
for AI-driven systems for organisations

8. Data availability and data quality are essential for the proper design of AI-driven intelligent
systems

9. The health-insurance domain is, to some extent, a suitable environment for the application of AI
software systems

10. Besides knowledge, products, such as dictionaries of and visual models, relating to AI-driven
systems in organisations can support their design and development

These insights presented above contribute to the scientific knowledge base of business processes en-
hanced by AI-driven systems and support their development. These insights should be considered
when designing AI-driven systems for business processes to improve their operation.

Validating the conceptual design process resulted in the knowledge that certain factors and/or elements
of the business process under review can change when designing business processes that leverage AI
technologies. To further strengthen the knowledge base, research can be conducted to identify these
factors and/or elements of a business process that change when designing, developing and/or integrating
such systems, such that future development of AI-driven business processes can be performed more
robustly.
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1 | Introduction

For several years software companies have promised to develop systems that use cognitive principles like
humans have. An example is IBM, that commercialises Artificial Intelligence technologies in its ‘cog-
nitive computing’ platform called Watson, that can be used by organisations to leverage the promised
power of these technologies (IBM Corporation, 2016; Olavsrud, 2014). This and other commercial
‘intelligent’ software claim to provide businesses with the ability to ingest and analyse (large amounts
of) data, and support intelligent decision-making. The scientific field of Artificial Intelligence (AI),
formally studying the creation of machines that express intelligent behaviour (Russell and Norvig,
2003), is a major driver behind these software technologies. AI has given birth to technologies such
as machine learning, natural language processing, speech recognition and computer vision (Schatsky
et al., 2014).

Applications of AI software can be distinguished in three main categories: product, process, and/or
general insights (Schatsky et al., 2015). Product applications of AI software provide benefits to the
product and/or service, and thus in the end the end-customer. Process applications of AI technologies
on the other hand, deliver value to a work-flow of an organisation, automating or improving business
operations. Finally, AI technologies could be exploited to generate more general insight for a business:
knowledge that can inform those, e.g. managers, to help them in operational and strategic decision
making across an organisation.

Of these three applications of AI driven software systems, their application to business processes
is considered to have a lot of potential (Power, 2015). For example, business processes can perform
more efficient and/or more accurate when they leverage AI in a proper way, reshaping workforce needs
and reducing costs (KPMG International, 2015). As a result, the quality of its output can increase
significantly. Therefore, this research particularly focuses on business processes within organisations.
According to Schatsky et al. (2015); Verhoeff (2016); Goel and Davies (2011), business processes that
have to deal with a lot of information and knowledge seem to be most viable as a subject for application
for AI technologies, since these technologies are driven by (a lot of) data. When the performance of a
business process is strongly related to its ability to properly handle a large amount of data, computer
machines are considered to be of great value when their (AI) computing power is leveraged properly,
thereby creating a competitive edge (Microsoft Corporation, 2012).

1.1 Challenges of Artificial Intelligence for Organisations
Some organisations have initiated projects to discover the possibilities of AI for their organisation.
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However, these organisations have experienced these (transformational) projects as very challenging
(van der Hulst, 2015; The Economist, 2015b). A survey among people working with AI software such
as IBM Watson shows for example that no shared understanding is present amongst stakeholders –
system designers, end-users, process managers, et cetera – to communicate effectively and efficiently
about how these new business-AI technology concepts can be utilised in favour of the business (van der
Hulst, 2015). Furthermore, companies often find Artificial Intelligence and its derived technologies
difficult to integrate into business solutions, especially with the technology moving so rapidly (Power,
2015).

AI software services like IBM Watson’s ‘cognitive computing’ thus raise some issues. At this
moment, AI is gaining momentum in the business world by attracting the attention of CIO’s, CTO’s
and IT specialists in organisations. AI does not remain a topic only related to the field of business.
Because of its developments and (media) attention past years, some people do have concerns that these
technologies will affect people’s life drastically in the future. For example, Silicon Valley entrepreneur
Elon Musk is investing in AI “to keep an eye on it” – has said it is potentially “more dangerous than
nukes” (Schatsky et al., 2014; Hern, 2015). Scholars at the University of Oxford published a study
estimating that 47 percent of total US employment is “at risk” due to the automation of human-cognitive
tasks (Schatsky et al., 2015).

The attention for AI in the business context is clearly visible in recent investment decisions made
by companies. For example, on November 6st, 2015, the Japanese car manufacturer Toyota announced
an one billion dollar investment over five years in the research and development of artificial intelligence
applications in its business (Markoff, 2015). Google recently open sourced its Artificial Intelligence
engine for anyone to use, to stimulate and foster the development of Artificial Intelligence and its
applications (Lewis, 2015). IBM has committed $1 billion to commercialise AI such that businesses
will be able to leverage these technologies. These snippets indicate a lot of movement in the field of
AI business applications in the past year, and more will probably follow. As a result, the list of busi-
ness application examples of AI is continuously becoming larger. However, with all these applications
available, many businesses ask themselves where they should start, what they need to do in advance,
and how to execute a (transformational) project to start leveraging AI technologies in their business
(van der Hulst, 2015).

Although this attention to AI and its development of intelligent systems by the business world is
quite recent, scholars have been studying how to design and develop such systems already for decades
(Ashby, 1962; Russell and Norvig, 2003). Intelligence is the capability to analyse, interpret and under-
stand data to generate relevant and valuable information and to learn from it. Human beings are the
example of entities that strongly exhibit intelligence. Intelligent behaviour of human beings is studied
in literature extensively. This intelligent behaviour arises from the mental processes of humans, such
as perception, reasoning, decision-making and learning. These mental processes are designated as cog-
nition. Put differently, a more general component of cognitive competence, in the sense that it does
not require specific knowledge, is what is conventionally known as intelligence, i.e. the general ability
to solve problems (Heylighen, 2011).
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Recent experiments show that computer intelligence has become more powerful in the past years (MIT
Technology Review, 2015). Very recently, in March 2016, a computer system powered by AI technology
achieved another milestone in Computer Science history, by being victorious in the game Go over the
world champion. Because the ruleset of this game is very small, the rules give rise to a lot of complexity
– the reason why this game is considered to be “one of the great intellectual mind sports of the world ”
(Byford, 2016). With these technologies improving so fast, the opportunities for organisations increase.

Human cognition has the ability to analyse and interpret data fairly well, but there are limitations,
such as in our capabilities to analyse huge amounts of data (The Economist, 2015a). In contrast to
humans, computers are able to process a vast amount of data, but are still not able to structurally
translate these data from observation to understanding and ultimately decision-making autonomously.
Furthermore, AI’s ability to learn from behaviour and subsequent consequences (internal learning), and
especially from outside its context (external learning) is not near human performance (Chang, 2016).
In other words, computers have not yet the “fluid ability to infer, judge and decide that is associated
with intelligence in the conventional human sense” (The Economist, 2015b). Many authorities in the
field of AI therefore do not think that AI will replace humans in organisations in the foreseeing future
(The Economist, 2015b; Gordon, 2016).

1.2 Development of Cognition Enhanced Business Processes
Summarising and analysing the above, it seems that little is known about the design, development and
implementation of AI software within business processes. Furthermore, it seems that no consistent
language and definitions of the concepts exists to communicate about these transformational projects.
As stated before, AI is concerned with the design and development of intelligence, which is coupled
to cognition. Cognition, as used in this thesis, is the ability to execute processes of thought includ-
ing perception, recognition, memory, learning, knowledge, language, comprehension, goal generation,
decision-making, judgement, reasoning and problem solving (further elaborated in Chapter 3). When
AI software is designed, developed and implemented in an organisation for the purpose of improv-
ing the operation of a business process, it thereby addresses the cognition utilised in this business
process. More specifically, it aims to improve the overall cognition leveraged in the business process.
As mentioned above, knowledge-intensive processes are considered to be most viable as a subject for
application for AI technologies. From now on, when referring to business processes in this thesis,
knowledge-intensive business processes are meant.

Thus, little is known about the design, development and implementation of cognition enhanced
business processes. Cognition enhanced in this context is the utilisation of AI methods and tech-
niques (software), delivered by computerised machines, to improve the cognition utilised to perform
the business process. That is, to increase the ability to perform the necessary cognitive activities by
the business process. The objective of this research therefore reads as follows:

To strengthen the scientific understanding of knowledge-intensive business pro-
cesses of which their cognition is enhanced by integrating Artificial Intelligence
software, and support their development.
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In this research, the (grand) goal of the research object above is the starting point to further analyse
this problem. Figure 1.1 visually represents the transformation of a business process to its cognition
enhanced state. As addressed before, the transformation of a business process is of interest of this
research. This transformation comprises the use of AI technology within the business process.

current state of 
business process

cognition enhanced 
state of business 

process

transformation

Figure 1.1: Transformation of a business process to its enhanced state

From now, let us take a systems thinking principle perspective: a business process can be viewed
as a system, processing some kind of input to a desired output. For example, a marketing department
of an organisation is responsible for all marketing activities of the business. It is thereby concerned
with the business process that transforms (processes) business goals and business resources related to
marketing (inputs) into operational marketing campaigns (outputs). Because a business process is here
considered as a system, a decomposition of the transformation of a business process to its enhanced
state can be generated using the Systems Development Life Cycle (SDLC) (The US Department of
Justice, 2003). Figure 1.2 shows the transformation of a business process as in Figure 1.1 and extends
that figure by denoting the first five stages of the Systems Development Life Cycle (SDLC): Prelimi-
nary Analysis, System Analysis, System Design, Development and Implementation.
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Figure 1.2: Transformation of a business process to its enhanced state and related SDLC phases

Through preliminary research, I discovered that businesses are interested in enhancing their business
processes by means of utilising AI software, and experimenting with it in (small) projects to proof the
usefulness of AI in businesses. However, only a few businesses are actually running such projects full
scale, really transforming their business processes (van der Hulst, 2015). Although projects are live
that are focusing on the development of such business processes, many business are still reluctant to
perform these transformational projects.
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A quick literature study resulted in the observation that currently no guidelines for the develop-
ment of such a cognition enhanced business process exist. However, these are not considered as the
major barrier in these transformations, since also little is known about proper design of such enhanced
business processes. Because the latter is a prerequisite for the development phase of a system (recall
Figure 1.2), this design phase is the most relevant and logical subject of study, considering the current
state of the research field. When the systems design phase is researched and fathomed, its subsequent
phases can be studied properly. Hence, the focus of this research is only on the system design phase
of the SDLC (indicated in blue in Figure 1.2); as the input of the system design phase comes from the
system analysis phase, the latter is taken into account in this research too.

Regarding business processes, AI software systems can support work performed by humans in two main
ways: by supporting humans to improve their performance or by (partially) replacing their execution
of tasks. For example, AI systems can support a worker to do his job better and/or faster – it can help
the worker with sub-tasks and by providing valuable information such that the worker can focus more
on the activities in which human intelligence excels. Work executed by humans is believed to become
more strategic than it is now (KPMG International, 2015).

As mentioned earlier, computer intelligence is not near the level of intelligence shown by humans.
Therefore, system development that reasons from the collaboration between human- and computer
intelligence is to date considered to be more realistic than development of fully automated intelligent
computer systems. Hence, this research presupposes that in the end an improvement to a business
process by computers always affects people in the process, which urges a human-centered focus. This
is explained in more detail in Chapter 2.

1.3 Conceptual Design of Cognition Enhanced Business Processes
Because a business process is here viewed as a system, one can argue that a business process consists of
more than one component that interact with each other (Sage and Armstrong, 2000). For clarification,
the cognition that these components embody is the cognition that is referred to when talking about
cognition enhancement. These components can be present at multiple levels of abstraction in the
business process, which is further elaborated in Chapter 2 and 3.

Reasoning about this transformation according to the decomposition of the different phases of
the SDLC, the weaknesses (and thus opportunities) currently present in both the scientific domain
as practical domain can be revealed. As stated above, the systems design phase is found as most
promising to research. The systems design phase of the SDLC consist of a couple of sub-phases, as
presented in Figure 1.3: Problem Definition, Conceptual Design, Preliminary Design, Detailed Design
and Design Communication.

The existing opportunities for research on cognition enhanced business processes are gained by
analysing backwards from the design communication sub-phase to the problem definition sub-phase (see
Figure 1.3). Through observations of current projects constructing AI software for business processes
(system), it has been noticed that, to some extent, detailed design specifications are often present.
Furthermore, overall system configurations are mostly defined in schematics, diagrams, and other lay-
outs. Hence, the Detailed Design sub-phase and Preliminary Design sub-phase are generally addressed
well.
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Figure 1.3: Transformation of a business process to its enhanced state, related SDLC phases and
sub-phases of systems analysis and -design phases

However, preliminary analysis of running projects show that the design of such systems are not
always conceptualised before preliminary designs are drafted. Projects are often freewheeling and
rushing to solutions, skipping steps such as the formulation of requirements, concept generation (also
known as ideation) and evaluations of these concepts. That is, they do not give much attention to
the conceptualisation of those solutions. Therefore, sound detailed solution design based on (exist-
ing) sound conceptual principles is rather the exception than the rule. Thus, the conceptual design
phase seems often not to be addressed explicitly enough in such a design exercise. The opportunities
for research come down to this gap in knowledge, which is about the conceptual design of cognition
enhanced business processes. Hence, this research only focuses on this conceptual design phase of the
transformation of business processes to their cognition enhanced state (indicated in blue in Figure 1.3).

More specifically, this research thus addresses how the conceptualisation process of designing such
cognition enhanced business process looks like, which is input for detailed design, development and
implementation of such a enhanced business process. Thus, delineating to this even smaller grained
description of the problem at hand, the ‘how to get there’ seems a big but very important challenge
to come to proper designed cognition enhanced business processes. This is exactly the unknown this
research is tackling, by developing and proposing a conceptual design process that supports the (con-
ceptual) design of cognition enhanced business processes. This research will therefore answer the
following main research question:

Can a conceptual design process of knowledge-intensive business processes be
created, such that the cognition utilised in the process can be enhanced by
integrating Artificial Intelligence software?

To answer this main research question, two projects are analysed which consists of the design, devel-
opment and implementation of business processes that leverage the technology of commercial AI. In
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these projects – used as case studies in this research and explained later on in this thesis – the design
of the business process enhanced by AI software is the main topic. Such enhanced business process
is the envisaged state which is created by means of an enhancement process or transformation. Both
projects consider the commercial available IBM Watson as the AI software to be leveraged in their
business process under review.

This research is thus interested in analysing, i.e. obtaining information about, the transformation
of the current state of a business process towards this enhanced state of a business process by leveraging
AI software, a future state that is not known on forehand. According to the SDLC (recall Figure 1.3),
the transition of a business process to its enhanced version entails several phases. Through a design
phase, a formal design of the enhanced business process that is envisioned, is specified. This results in
a designed enhanced business process. As described above, this phase is of particular interest to this
research, since it includes the conceptual design phase of a system, e.g. a cognition enhanced business
process. Therefore, and also explained earlier, the development phase, the implementation phase and
their subsequent states are outside the scope of this research.

As has been argued before, no general rules exist that support the conceptual design of business pro-
cesses that utilise Artificial Intelligence software. More specifically, no literature exists that describes
or prescribes a process for the conceptual design of enhanced business processes, that could serve as a
point of reference for similar future projects. Such a process is called a conceptual design process. A
conceptual design process provides valuable information on how to approach a conceptual design of a
system and how to execute such a conceptual design phase. A conceptual design process of cognition
enhanced business processes can thus deliver the information this research is looking for in order to
answer the main research question.

To answer the main research question, the conceptual design phase of systems in general is investi-
gated. Within the scientific field of Design Science, design theory provides us with a sequence of steps
a conceptual systems design sub-phase consists of (Dym and Little, 2010):

1. Establish functions
2. Establish requirements (function specs)
3. Establish means for functions
4. Generate design alternatives
5. Refine and apply metrics to design alternatives
6. Choose a design

Leveraging these steps of the conceptual systems design phase, Figure 1.3 can further be specified as in
Figure 1.4 indicating the to be constructed design process in this research. Stage 1 of the conceptual
design process is to establish the functional requirements of business process. Stage 2 entails the
specifications of the capabilities of AI software under review. Since both case study projects use the
IBM Watson software suite, this research builds upon the set of AI capabilities of IBM Watson. Both
steps are input for Stage 3, in which the requirements from Stage 1 and the capabilities of Stage 2 are

7



Chapter 1. Introduction

matched to each other, ultimately generating a set of possible designs in Stage 4. This set of so called
design alternatives can then be refined and assessed based on predefined metrics in Stage 5, which can
be used to finally choose a design in Stage 6, thereby completing the conceptual design phase.
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Figure 1.4: Transformation of a business process to its enhanced state, highlighting the relevant
SDLC phases and sub-phases of this research

Regarding these steps of of this conceptual design phase, this research focuses only on the first
three steps, since those steps form the essential part to generate design alternatives, which is the ul-
timate rationale underlying this research. Due to time constraints the latter steps are not addressed
in this research and are thus out of scope. Formulating these steps according to the main question
and objective of this research, provides five research issues which are solved and covered further in this
thesis. Figure 1.5 denotes these research issues; to establish requirements and establish functions, such
that they together can construct possibilities for AI software to enhance the cognition of a business
process.

A project focusing on enhancing the cognition present in a business process can reason along two main
ways of thinking or basic principles for the design and development of cognition enhanced business
processes. Firstly, a business process can be optimised by making changes to its current state. This way
of thinking inherits the current existing business process, its as-is situation, as the starting point of the
development of the cognition enhanced business process. It transforms the current state of the business
process into the to-be state by reasoning about the elements of the current state, improving the existing
elements of the process. Secondly, a business process can be designed from scratch, abandoning the
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Figure 1.5: Research issues covered in this research, their solutions together form the envisioned
conceptual design process

as-is situation entirely, reasoning solely from the to-be state. This way of thinking lacks constraints
imposed by the currently present business process and is, in other words, a greenfield project. It
questions the existing elements of the process in the first place, improving the business process from
ground up.

Preliminary analysis shows that current projects pursuing AI for business processes are projects
that address the transformation as an improvement of the current process; optimising a business pro-
cess by enhancing its cognition. These projects are set-up to identify the opportunities for the current
state of the business process (projects described in Chapter 3); businesses are reluctant to complete
transformations of their processes, since they find it too risky due to the newness and rapid develop-
ment of the technology and the solution to be too ill-defined, which is in line with literature about
technological projects (de Bruijn and Heuvelhof, 2012). The conceptual design process to be created
here therefore embraces the way of thinking to optimise the business process, rather than opting for a
design from scratch.

Enhancing the cognition utilised in business processes by leveraging the support offered by a conceptual
design process can be part of more comprehensive change projects within an organisation. Process
improvement projects embracing Lean management (eliminating waste and ensuring swift) and/or
Six Sigma (eliminating defects and reducing variability) focus on optimising the current business pro-
cess. These concepts are driven by methods such as the Deming Cycle (Plan-Do-Check-Act), DMAIC
improvement cycle (an acronym for Define, Measure, Analyse, Improve and Control), et cetera. En-
hancing the cognition of a business process can contribute to these types of improvement, by processing
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data in a smart way such that waste and variability are minimised. A conceptual design process for
enhancing the cognition of a business process can offer a hand in this improvement projects, support-
ing the improvement of a business process by introducing AI technologies that enhance the cognition
utilised. How a conceptual design process can fit in such a general process improvement project is
however out-of-scope of this research and subject for future research (see Chapter 8).

AI technology cannot be leveraged without data that fuels these technologies. Therefore, data are
assumed to be important for the development of cognition enhanced business processes. Here, the
concept of ‘Garbage-in, Garbage-out’ applies; the AI system will not produce any desirable outcomes
when its is provided unintended data (Babbage, 1864). For example, input data can be incomplete,
inconsistent, not accurate and/or not precise, resulting in low data quality (Dravis, 2004). AI systems
that process data of low quality will deliver undesirable outcomes to the business process, which will
on its turn lead to faulty operation. Hence, one can expect higher level of cognition in the business
process when the quality of the data is improved for automation. Section 2.2 further elaborates on the
concept of data in the conceptual design process.

1.4 In Pursue of Insights
The question that now raises is how business processes are scrutinised to gather the desired information
to ultimately answer the main research question stated above and comply to the research objective.
Fuelled by the decomposition of a general cognition enhanced business process in Figure 1.4 and Fig-
ure 1.5, this research is interested in analysing and obtaining information about the formulation of
requirements of a business process, formulation of functions of (AI) software i.e. and the process of
generating means for functions.

To come to answers to the main research question, I use a design-method itself to come up with a
design process that can be used by business process architects and developers. The approach that I
used for this analysis is the Research through Design (RtD) approach. This approach is well suitable
for this research, because it entails the systematic act for acquiring information taking advantage of the
insights gained through a conducted design practice. Hereby, it provides an understanding of complex
and future-oriented issues regarding the design of the system under review. This approach has an
iterative character, testing acquired information continuously by comparing it to available literature
and by reflecting on the design in practice, thereby acquiring relevant insights. This research gained its
insights by designing cognition enhanced claim-assessment processes of two different health insurance
companies as case studies. A further elaboration and explanation why the Research through Design
approach is useful and its application to this research can be found in Chapter 2, which addresses the
research methodology.

1.5 Outline of Thesis
Tying together the statements above to the main interest of this research provides us a clear under-
standing of the subject of this research: business processes’ cognition enhanced by AI software. This
research does an attempt to couple knowledge from the Artificial Intelligence research community to
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the operational business community using concepts such as intelligence and cognition. Figure 1.6 vi-
sually describes the stages of this research and how they are linked, as well as the structure of this
thesis.

Establish requirements to 
enhance the cognition of 

business processes
Chapter 4

Match functions to 
requirements, generating 

possibilities for design
Chapter 6

Research perspective, 
approach & methods

Chapter 2

Establish & validate the 
conceptual design process

Chapter 7

Establish the functions to 
enhance the cognition of 

business processes
Chapter 5

Theoretical background on 
cognition enhanced 
business processes

Chapter 3

Conclusions & Reflection 
Chapter 8

Theory-oriented chapter

Design-oriented chapter

Introduction to 
cognition enhanced 
business processes

Chapter 1

Legend

General chapter

Figure 1.6: Visual outline of this research

Firstly, Chapter 2 further elaborates on the problem at hand by indicating the need for proper
understanding of theoretical concepts such as Business Processes, Cognition, Artificial Intelligence
and Systems. Furthermore, it introduces the perspective of this research on these concepts and their
coupledness to each other. Besides, it argues more in detail about the research approach that is just
touched upon, which guides this research such that it will come to an answer to the main research
question. This chapter concludes with a draft overview of the design process constructed in this re-
search. A more solid theoretical background on the concepts just mentioned is discussed in Chapter 3,
resulting in a framework for the categorisation of requirements of business processes and capabilities of
AI software. Chapter 4 then starts of with presenting the first stage of the design process, to identify
and formulate the requirements of business processes. How to identify and specify the capabilities
of AI software is addressed in Chapter 5, which forms the second stage of the design process. By
matching these ‘cognitive’ requirements and -capabilities from the first two stages of this conceptual
design process to each other, the opportunities of AI software in the business process under review can
be identified, which can be combined into design alternatives. This matching is underpinned by the
theoretical framework derived in Chapter 3, resulting in the third stage of the design process that is
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discussed in Chapter 6. The three stages elaborated in Chapter 4, 5 and 6 are illustrated by means
of a case study, a business process that is enhanced by AI software. These three stages of the design
process form together the whole conceptual design process that this research delivers to the scientific
and business community. The integration of these three stages is described in Chapter 7. It further-
more introduces and elaborates on the second case study and expert round table discussion used in
this research used for validation of this research. The conclusion that can be derived from this design
exercise is presented in Chapter 8, as well as reflecting notions on this research. Furthermore, this
chapter presents the insights generated while performing this research, thereby contributing to achieve
the research objective. The chapter ends with stating recommendations to the business community
regarding the design of AI systems solutions, and suggestions for further research.
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This chapter further elaborates on the topic of using AI software in business processes, and more
specifically how it is studied in this research. Section 2.1 starts where Chapter 1 left of: defining this
master thesis research, describing the research’s theoretical perspective on the concepts of interest.
Next, Section 2.2 elaborates on the specific setup of this research, which results in the outlines of
the conceptual design process constructed. This section delivers the pointers for Section 2.3, which
describes the research approach Research through Design more in detail, as well as the methods that
are applied. Furthermore, a set of criteria is presented to which the conceptual design process should
comply. A brief summary of this chapter is provided in Section 2.4.

2.1 Theoretical Perspective on Cognition Enhanced Businesses Pro-
cesses
Before elaborating further on the methodology used in this research, some general notions should be
made on the perspective of this research regarding the important concept it makes use of: Artificial
Intelligence, in the light of business processes. From experience obtained throughout this research, it is
noted that multiple viewpoints can be taken to analyse the topic of this research: purely from a Busi-
ness perspective, purely Information Technology perspective, purely Computer Science perspective, or
a more integrated perspective. This indicates that a clear explanation of the perspective taken in this
research is of value, and even necessary to describe this research and its results. This section therefore
elaborates on its topic and how it adds to the perspective taken this research.

Artificial Intelligence studies the design and development of intelligent systems, systems that express
some form and degree of intelligence. AI methods and techniques have the potential to create a
software system that expresses (some form and degree of) intelligence (Russell and Norvig, 2003). As
formulated by (Langley, 2012), AI research were, in its early days, guided by the common vision of
“understanding and reproducing, in computational, i.e. machine systems, the full range of intelligent
behaviour observed in humans”. The same perspective is initially used for this research.

However, some scholars in the field state that, for a couple of decades, the field of AI emerged in
a way in which it somewhat abandoned these initial and grand goals (Langley, 2012; Heylighen, 2011;
Brachman and Lemnios, 2002). Langley (2012) states a couple of factors that caused this change of
focus of AI research:
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• Increased computer speed and storage has aided simple-minded CPU-intensive and memory-
based approaches;
• Emphasis on quantitative performance metrics has encouraged incremental progress on standard-

ised problems;
• Influence of mathematics has led to “theorem envy” and to an optimality obsession, encouraging

a focus on simple tasks;
• Commercial success on narrowly defined problems has fostered research on similarly limited tasks.

According to Langley (2012), these trends together have transformed AI in to the research field as
it is to date, adopted more restricted goals than its initial vision, for example focusing more on specific
algorithmic challenges in sub-fields such as Machine Learning.

This research studies the enhancement of this cognition of business processes by leveraging the (intelli-
gent) computational capabilities of machines (AI). Humans play a very important role in organisations
and their (business) processes: they are the entities that exhibit intelligence and cognition, using it in
favour of the business. This is the intelligence and cognition utilised by business processes to achieve
their goals. Therefore, this research also largely takes into account human intelligence, and thus not
solely built on machine intelligence. Hence, a purely Computer Science perspective does not suit the
intentions of this research.

As a result, the modern approach of the field of AI is not used in this research, since a more
comprehensive perspective is desired. However, it identifies itself for a bigger part with the initial
broad vision of the field of AI, as mentioned above. Its view on the design of intelligence thus calls for
a perspective that integrates this human- and machine intelligence, addressing integrated intelligent
systems, opposed to fragmented algorithmic components of intelligence.

A field of study addressing the design of these integrated intelligent systems is found in the paradigm of
Cognitive Systems, a term championed by Brachman and Lemnios (2002). This field of study refers to
the discipline that designs, constructs, and studies computational artifacts that exhibit the full range
of human intelligence. According to Langley (2012), this field is not, at heart, a new movement, but
rather a continuation of the old, initial vision of the field of Artificial Intelligence. To make clear,
this research does not oppose itself to AI research, but identifies its way of thinking to the Cognitive
Systems paradigm – a paradigm that also not opposes the field of AI, but, besides its similarities to
AI, also has some fundamental differences. Put differently, the Cognitive Systems paradigm broadens
the thinking of the field of Artificial Intelligence towards the design of human-level intelligent systems.

In his article on Artificial Intelligence and Cognitive Systems, Langley (2012) characterises the Cog-
nitive Systems paradigm by means of several assumptions that it adopts, in which it differs from the
characteristics of the field of AI. To describe and clarify the perspective of this research on the design
of intelligent systems, these characterising features as formulated by Langley (2012) is here briefly
adopted and elaborated. They provide understanding of the concept of Cognitive Systems and set the
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scene for further deliberation on cognition enhanced business processes.

High-level cognition The Cognitive Systems paradigm takes into account high-level cognition, a
feature that can be clearly distinguished from current researched AI capabilities to recognise
concepts, perceive objects, or execute complex motorised skills. These abilities are clearly im-
portant for agents that operate in physical environments, but they are not real distinguishing
features of intelligent systems. Rather, this intelligence here entails the capacity to engage in
abstract thought that goes beyond immediate perceptions and actions, having the capacity to
engage in multi-step reasoning, to understand the meaning of natural language, to design inno-
vative artifacts, to generate novel plans that achieve goals, and even to reason about their own
reasoning as humans are able to do.

Structured representations Early AI researchers also assumed that structured representations play
a central role in intelligence, which in turn depend on the ability to represent, create, and interpret
content encoded in such representations. This position is closely related to the fundamental
insight – arguably the foundation of the 1956 AI revolution – that computers are not simply
numeric calculators but rather general symbol manipulators. This emphasis runs counter to
recent trends in many branches of AI, which, over the past few decades, have retreated from this
position. Some sub-fields, such as Machine Learning, have abandoned almost entirely the use of
interpretable symbolic formalisms, caring only about performance (such as improving even more
the prediction accuracy of Machine Learning models).

System-Level Research A third feature that characterised much early AI work was an emphasis
on system-level accounts of intelligence. Because researchers envisioned comprehensive theories
of the mind, they naturally recognised the need for their programs to comprise a number of
interacting components. The argument for this approach was compelling: because intelligence is
clearly such a complex and multifaceted phenomenon, even partial accounts should incorporate
multiple capabilities and aim to explain how these different processes can work together to
support high-level mental activities of the sort observed in humans. Despite these promising
beginnings, by the 1990s many researchers had come to focus on component algorithms rather
than integrated systems.

Heuristics and Satisficing Another central assumption of initial AI research was that intelligence
involves heuristic search. Using heuristics clearly differentiated AI from mainstream computer
science, which emphasised ‘algorithms’ that provided formal guarantees. The resulting systems
often satisfied by finding acceptable rather than optimal solutions, and even these were not
guaranteed. However, in practice, heuristic methods could often solve problems that the more
constrained approaches could not. AI today turns away from this practical attitude and adopt
other fields’ obsession with formal guarantees.

Links to Human Cognition The design and construction of intelligent systems has much to learn
from the study of human cognition. Many central ideas in knowledge representation, planning,
natural language, and learning were originally motivated by insights from cognitive psychology
and linguistics. The field also looked to human activities for likely problems that would challenge
existing capabilities, and design intelligent systems that could offer support. However, attention
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moved instead to problems on which computers can excel using simple techniques combined with
rapid computing and large memories, like data mining and information retrieval. Langley (2012)
claims that they reveal little about the nature of intelligence in either humans or machines, and
there still remains a need to research this.

Exploratory Research Because in the early days of AI few examples of intelligent artifacts existed,
a common strategy was to identify some intellectual ability of humans, design and implement
a system that exhibited it, and demonstrate its behaviour on a set of convincing examples:
exploratory research. However, when people began to develop new approaches to established
problems, it became natural to compare the behaviours of different methods. Performance on
metrics became increasingly important, however, the broad coverage of intelligence was not yet
achieved. As a result, there remains a need for exploratory research on cognitive systems that
demonstrate a wider range of capabilities, even if they are not as efficient or accurate as current
techniques.

This research embraces the paradigm of Cognitive Systems to study the enhancement of cognition of
business processes by AI software. It is thus a more integrated perspective, combining a human-centric
approach to the design of intelligent systems and a machine-centric approach. Furthermore, it uses
systems thinking principles to structurally analyse and design such systems (see Figure 2.1).

Human-centric 
perspective on 

cognition

Machine-centric 
perspective on 

cognition

Integrated 
systems

perspective on 
cognition

Figure 2.1: Visualisation of the perspective taken in this research, formatted in bold

The context of this study involves organisations, and more specifically the business processes that
structure their expressed business efforts. Each process existing in an organisation contributes to this
overall organisation goal in its own way. Utilising AI in a business process is pursued to better achieve
the objective of the business process. Goal-directedness is therefore important in the design of cognition
enhanced business processes; the cognition enhancement should contribute towards achieving this goal.
In the two case studies analysed in this research, the cognition enhancement takes into consideration
the pursue of the business process to achieve its highest goal. In addition, the goal of the business for
the transformation of a business process to its cognition enhanced state is therefore also important in
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order to be able create a proper design, since it forms the input, i.e., rationale for the actual design
exercise.

Furthermore, because the conceptual design process does not necessarily focus on the enhancement
of cognition of human beings, it focuses more generally of cognition utilised in the process (systems
perspective) and higher this level of cognition. The word enhancement covers this description in a
correct way. If it would specifically focus on the cognition of people in the business process, it would
be called augmentation – a concept also studied in scientific literature.

So far, this chapter intended to clarify the topic of this research by discussing Artificial Intelligence
(software), human- and machine intelligence, their role in business processes, and the overarching
integrated perspective on intelligent systems of the theory on Cognitive Systems. How to leverage
these AI software in a business process context such that it increases the cognition that is utilised in
the process, is a complex question, but a question this research aims to tackle. To answer this question,
one has to research cognition in the context of business processes, which is done in the next chapter
(Chapter 3) of this thesis. This thesis first introduces and explain the approach and methods applied
by this research to in the end deliver insightful and useful results.

2.2 Conceptual Design Process for Cognition Enhanced Business Pro-
cesses
The main question of this research that should be answered is how the conceptual design process of
knowledge-intensive business processes, enhanced by integrating Artificial Intelligence software, looks
like. Utilising the theoretical perspective as explained in Section 2.1, this enhancement can be seen as
cognitive enhancement. Chapter 1 already provided a description of a cognitive enhancement, as it is
the transformation of the current state to the desired state of a business process in which it possesses
increased cognitive capabilities (see Figure 1.1). The conceptual design process supports the future
design steps of cognition enhanced business processes, and thereby addresses the transformation of the
current state of the process into its enhanced state. The ultimate goal of such a cognition enhancement,
i.e. transformation, is to create actual business value, e.g. more efficiency and/or more consistency of
its operations.

Recall Figure 1.4 in Chapter 1, schematically representing the decomposition of a enhanced business
process into different phases, based on the Systems Development Life-Cycle (The US Department of
Justice, 2003) and Design theory from Dym and Little (2010). They presents some general steps to
construct a conceptual design of a system through the design phase and design process. However,
they are therefore not very specific for a cognitive enhancement of a business process. Regarding the
context of this research, this specification is highly needed, since commercial AI software is just seeing
light to commercial application and therefore very little knowledge about the concepts in this practical
domain exists. Besides, no experience is present which can be built on. Furthermore, even no shared
vocabulary is used by professionals initiating the design of these new technology driven process within
their organisations.

17



Chapter 2. Research Methodology & Setup

These factors demand a more sophisticated design process that is tailored to cognition enhanced
business processes. First, this envisioned design process should grasp the (human-) cognitive aspects of
the business process and deal with them, since this research also utilises a human-centric focus next to
a machine-centric focus, as explained earlier. Second, the design process should deal with commercial
AI software, since this research is studying how actual implementable business software can be of value
to the business. Third, its use should at least be understandable for relevant stakeholders, such as
process architects, software system developers, end-users, process managers and innovation officers.

Reformulating the steps of Dym and Little (2010) to suit the theoretical perspective on Cognitive
Systems provides an overview of the stages of the conceptual design phase that suits this research:

1. Establish the requirements of a business process which indicate the opportunities for AI software
(opportunities to enhance its cognition). From now on, these are called cognitive requirements
(CR).

2. Establish the capabilities of AI software to fulfil the opportunities in the business process and
thereby providing the cognition enhancement that is demanded. From now on, these are called
cognitive capabilities (CC).

3. Establish a way to match the cognitive requirements of business processes and cognitive capabil-
ities of AI software. This can be seen as the way to establish means to enhance the cognition of
business processes.

4. The fourth and last stage is the integration of these three stages, i.e. design sub-processes into
the final conceptual design process, by including the fourth, fifth and sixth step of the conceptual
design phase of Dym and Little (2010).

With this knowledge, Figure 1.4 can be contextualised for this research, which results in Figure 2.2.
For clarity, note that only the stages addressed in this research are visualised. The steps Generate de-
sign alternatives, Refine and apply metrics to design alternatives and Choose a design are not displayed.

Regarding the application of the envisioned conceptual design process, this research assumes that a
business process as object for the enhancement is already chosen on forehand. This also applies to the
software suite that is selected to perform the enhancement. Thus a selection process is likely to be
executed, before starting with the cognition enhancement process as described in this research. Such
selection will probably be based on a business assessment, considering largely the financial aspects
of such a project. To be clear, this selection process based on business/financial assessments are out
of scope of this research: it only considers the potential possibilities of cognition enhanced business
process by AI software.

The three stages presented above together form the envisioned Conceptual Design Process (CDP),
besides the process for generating and selecting design alternatives. This research however argues that
the context specific issues for the conceptual design phase of cognition enhanced business processes
are mainly present in the first three steps of the conceptual design phase (see Section 1.4). That
is, because in these first steps the possibilities for AI technologies in business processes are actually

18



Cognition Enhanced Business Processes

Conceptual design

transformation

Systems Analysis Development Implementation

Sy
st

em
s 

D
e

ve
lo

p
m

e
n

t 
Li

fe
-c

yc
le

Current state of 
business process

Cognition enhanced 
state of business 

process

Sy
st

em
s 

A
n

al
ys

is
 &

 
D

es
ig

n

Conceptual design Detailed design

Systems Design
Preliminary 

analysis
 

Design 

communication

Stage 1
Establish the requirements of a 
business process which indicate the 
opportunities to enhance its 
cognition
(= cognitive requirements)

Stage 2
Establish the capabilities of AI 
software to fulfil the opportunities 
in the business process and 
thereby providing the cognition 
enhancement that is demanded  
(= cognitive capabilities)

Stage 3
Establish a way to map or match the cognitive requirements of business 
processes and cognitive capabilities of AI software (= establish a match)

C
o

n
ce

p
tu

a
l D

e
si

gn

Design 
process Stage 4

Preliminary designProblem definition

In scope of this research

Out of scope of this research

Legend

Figure 2.2: Transformation of a business process to its enhanced state, highlighting the conceptual
design phase as made applicable for this research

investigated. The generation of design alternatives and subsequent design steps can be executed similar
to other design exercises. However, for a complete picture, these latter steps are jointly represented
in a separate process and included in the CDP. As of now, the following sub-design processes can be
formulated:

1. Cognitive Requirements Design Process (CRDP): establishing the cognitive requirements
(CR) of a business process

2. Cognitive Capabilities Design Process (CCDP): establish the cognitive capabilities (CC)
of AI software

3. Cognitive Possibilities Design Process (CPDP): establish means to enhance the cognition
of business processes by matching the CC’s to CR’s.

4. Design Alternatives Generation & Selection Process (DAGSP): construct design alter-
natives from the results of the CPDP, select based on pre-defined metrics.

Based on the above, the structure of the CDP can be visualised as in Figure 2.3. It indicates the
different components the CDP can consists of. This breakdown is used in this research to construct
the CDP as envisioned.

19



Chapter 2. Research Methodology & Setup

CRDP
Cognitive 

Requirements Design 
Process

CCDP
Cognitive Capabilities 

Design Process

CPDP
Cognitive Possibilities 

Design Process

DAGSP
Design Alternatives 

Generation & Selection 
Process

CDP
Conceptual Design Process

part of part of part of part of

Figure 2.3: A schematic visual of the envisioned conceptual design process and its components –
the striped component is outside the scope of this research

The above described the distinct components of an envisioned CDP. These components together form
the basis to draft designs for cognition enhanced business processes, the main purpose of the CDP. It
is preferable to know on which aspects a CDP can be assessed, next to its content. These important
aspects are here called criteria, and indicate why and to what extent a conceptual design process is suit-
able for use if met. From informal interviews with designers and developers of AI systems in business
processes in the preliminary analysis of this research, a set of four criteria is drafted and listed below.
Throughout this thesis, the criteria relevant to each part of the CDP constructed in this research are
mentioned and argued for. In this way, more substantiated argumentation can be provided to answer
the main research question raised in Chapter 1.

Universally applicable The CDP is ought to be applicable to different business processes within
the domain it is constructed for, as well as different AI software packages. The subject and
scope of this research limits the CDP to be made for knowledge-intensive (claim-) assessment
business processes, thereby, all business processes matching this characteristic should be suitable
for cognition enhancement by the CDP. The same holds for the AI software packages used in
a cognition enhancement project. The CDP thus should not exclude certain business processes
or software packages by its structure, content or otherwise. Hence, universal applicability is
pursued.

Methodical in essence For the CDP to be useful in projects that strive for cognition enhancement,
the CDP is ought to be usable for designers and developers of AI systems in business processes
in general. Furthermore, the CDP is ought to support their practice by providing rigid to the
design process on the one hand, but also room to manoeuvre in the design and design process
on the other hand. Hence, the CDP can steer the design process to an extent while remaining
variety in the designs it produces. This asks for the CDP to be methodical in its essence and its
different components should accommodate a systematic or established procedure.

Flexible but robust As mentioned in the introduction of this thesis, the AI technology is evolving.
The CDP should be flexible to changes in the state-of-the-art, such that it is still useful when
technology capabilities change during a design process. That is, it is ought to embrace the
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changes in a software package and adjust its design to. The same holds for business processes,
which in reality not always follow the same work flow according to procedures. The CDP should
be able to deal with these changes to produce a suitable design. On the contrary to its flexibility
to changes the design should adapt to, the CDP should be robust to external disruptions. For
example, a design produced by the CDP should resilient to the disappearance of a member of
the design team, and not to jam when this occurs. The degree of flexibility and robustness at
the same time is a balancing act, considered in the construction of the CDP.

Context-aware At last but still important is the fact that the CDP should be constructed in such
a way that it accommodates the design (cognition enhanced business process) to the context it
is exists in. That is, it is ought to perform and work is such a way that its design is suitable
to its environment. Here, the people performing activities in the business process, information
that they use and the data that underlies this information are considered as the environment.
For example, it should not rush certain design steps when stakeholders do generally speaking not
agree on their outcomes. In this case it is considered to be better if more effort and time is put
in these steps.
Furthermore, the influence of data to the design process and thus design is assumed to be of
importance in Chapter 1. Data powers AI technology, and is therefore relevant for investigation
what role data plays in the context-awareness of the CDP. The CDP is therefore ought to indicate
the designer when and how to take into account data during the design process. For example,
if data is not available or considered to be of insufficient quality, the number of possible designs
can decrease. Thus, data can be of importance when designing cognition enhanced business pro-
cesses. If the data is of too bad quality, projects can be initiated in the organisation to create
(new) data needed for possible solutions. The latter is not further discussed in this thesis.

With the more specific conceptual design phase as showed in Figure 2.2 and structure of a CDP in
Figure 2.3, a related design process can be inferred. However, this is not a straightforward assignment,
due to the lack of knowledge, experience and shared vocabulary that qualify the design of cognition
enhanced business processes. Partly due to these unknowns, a hand full of examples of such designed
enhanced processes only exist in both the business community and/or scientific literature. This results
in even more unknowns on forehand such as how such a enhanced process actually will look like and
what exactly is making the design of these enhanced processes so difficult. Furthermore, the problem
overarches more than one field of study (Artificial Intelligence, Cognitive Systems, Business Process
Engineering, et cetera) and is therefore interacting with an evolving set of interlocking issues and
constraints.

This characterisation of the problem, the design of a cognition enhanced business process, indicates
that it can be denoted as a so called wicked problem (Rittel and Webber, 1973). Another noticeable
characteristic of wicked problems is that they do not have a defined goal. In case of a wicked problem,
if you cannot define the problem, how can you tell when it’s resolved? Therefore, wicked problems
do not have a perfect solution (Rittel and Webber, 1973), the solution is rather good or bad. When
solving a wicked problem, the designer keeps iterating and refining the solution – or goes back and
considers other solutions. The research and design process does not have an ending, since a better
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solution is always possible. However, the problem solving process ends when you run out of research
resources, such as time, information sources or money (Rittel and Webber, 1973). These statements
suggest a scientific research approach is needed that is able to deal with these kinds of unknowns and
uncertainties. The research approach Research through Design is known for exactly these purposes,
and is described in the next section.

2.3 Research Approach and Methods
Research through Design (RtD) is described in literature as an approach to structurally and con-
tinuously design and refine an envisioned artifact (Godin and Zahedi, 2014). It is a conceptualising
research done by means of the skillful practice of design activity, revealing research insights (Krogh
et al., 2015). More specifically, this knowledge is gained by conducting a design exercise and contin-
uously extracting information by means of direct and indirect observations, beliefs and experiences
(van Langen, 2015a). The approach has a highly iterative character, switching frequently between a
theoretical and a practical application perspective (van Langen, 2015b).

Research through Design lends itself for addressing wicked problems through its holistic approach
of integrating knowledge and theories from across many disciplines, and its iterative approach to
re-framing the problematic situation and the preferred state as the desired outcome of the research
(Zimmerman et al., 2010). The resulting artifact can be seen as a proposition for a preferred state
or as a placeholder that opens a new space for design, allowing other designers to make artifacts that
then better define the relevant phenomena in the new space (Zimmerman et al., 2010). Furthermore,
design researchers have claimed that RtD can result in conceptual frameworks and guiding philoso-
phies as well as community discourse on preferred states, identification of gaps in current theories
from other disciplines, and indications of new materials (technology) that would be especially valu-
able to invent. Finally, literature describes how RtD leads to new artifacts (products, environments,
services, and systems) where the artifact is itself is a type of implicit, theoretical contribution. The
power of these artifacts was described in how they codify the designers’ understanding of the current
state. This includes the relationships between the various phenomena present, and furthermore the
description of the preferred state as an outcome of the artifact’s construction (Zimmerman et al., 2010).

Based on the description above, Research through Design is considered to be a suitable approach to
use in this research. By means of iteratively conducting a design exercise and frequent use of relevant
theories (which is done in both case studies), insights are extracted for designing a cognition enhanced
business process. This can result in valuable input for the construction of the conceptual design pro-
cess this research is pursuing. To provide the definition of a design process as used this research, the
terminology of van Langen (2002) is used: a design process is in this thesis defined as “a sequence of
design activities, such as civil engineering or software design”. A design activity is defined as “an act of
designing, such as the refinement or structuring of a design problem, or the generation of a design so-
lution” (the final version of the design). Leveraging this definition, the sub-design processes as pointed
out in Figure 2.2 will thus consist of a sequence of design activities. By utilising the Research through
Design approach, these design activities of the envisioned design process of cognition enhanced business
processes are therefore revealed through the design exercise this approach entails. Appendix A further
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elaborates on Research through Design as a scientific research approach and describe the Research
through Design-process this research went through.

To show that the cognition of business processes can be enhanced, this research illustrates and validates
this design process to an actual case: a claim-assessment process within the health insurance business.
Currently Jibes Data Analytics, a small sized IT advisory organisation in the Netherlands, runs projects
at two health insurance companies to design, build, implement and test AI software in their current
claim-handling processes. The goal of these two projects is to enhance the processes, for two main
reasons: to be more efficient (less time per claim assessment, at least maintaining the same assessment
quality) and to assess the claims more consistent (assessing claims with similar characteristics the
same way) (van der Hulst, 2015). These two projects are used in this research as case studies; one for
illustrative purposes, one for validation purposes.

In this process, subject matter experts (SME’s) assess health insurance claims from patients and
health providers and decide if these claims will be granted or not. These SME’s have extensive knowl-
edge of and experience with medical treatments, which they use to assess the claims. However, to
assess these insurance claims they also use a lot of information from several external sources: law
books, internal protocols, state-of-the-art literature, and so forth. To search for and collect all the
right and relevant information for a particular case, and make a right and well-founded decision, is a
complex and time consuming activity. Altogether, this makes the process very knowledge-intensive.
The next chapter further elaborates on these two case studies.

2.4 Chapter Summary
First and foremost, this chapter introduces and argues the perspective take in this research (Sec-
tion 2.1). This perspective comprises a systems perspective on cognition, found in literature under the
name of Cognitive Systems. Furthermore, the research’s both human-centric focus and machine-centric
focus denote the integrated nature of its perspective. Next, this chapter further describes the envi-
sioned conceptual design process where Chapter 1 left of, identifying the sub-design processes it consist
of. These sub-design processes are design processes on themselves: a Cognitive Requirement Design
Process (CRDP), a Cognitive Capabilities Design Process (CCDP), a Cognitive Possibilities Design
Process (CPDP) and a Design Alternative Generation & Selection Process (DAGSP) (Section 2.2).
This chapter concludes with an introduction to the approach utilised by this research, called Research
through Design (Section 2.3). It provides a more detailed description of this approach, which has an
exploratory nature.

Besides this, this second chapter also served as the introduction to the ‘way of thinking’ this
research embraces and presumes when reading this thesis. This research is proposed and conducted
with constant thoughts of experimenting in a (new) field which is not trusted by all people. This
research thrived based on creativity and bold ideas, not only focusing on precision, but also on hunches
and intuitions.
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3 | Theoretical Notions on Cognitive Sys-
tems in Business Processes

This chapter presents the research that is conducted on the first research issue (RI1) raised Chapter 1
in Figure 1.4: Establish theoretical foundations of cognition enhanced business processes. That is, it
describes a way to describe and analyse cognition in business processes from an integrated systems
perspective (see Section 2.1). Thereby, it pursues to deliver a theoretical foundation for the design of
the envisioned conceptual design process of cognition enhanced business processes.

First, this chapter introduces the first of the two case studies used in this research in Section 3.1.
Throughout this and following chapters, this case is used to provide examples of the theoretical concepts
and methods explained. Next, Section 3.2 elaborates on Cognitive Systems, the concept of cognition
analysed from a cybernetics perspective. It defines the important concepts that are used in this thesis,
such as system, agent, intelligence, their properties and their components. Thereafter, these theoretical
concepts are linked to the main object under study in this research, business processes, in Section 3.3.
Section 3.4 concludes this chapter by summarising the takeaways on the concepts addressed.

3.1 Introduction to the Claim-Assessment Process
As explained in Chapter 2, two cases are studied to execute this research. One case for illustrative
purposes throughout the first three sub-design processes (CRDP, CCDP and CPDP), one for validation
purposes of the final design process. Both case studies entail the claim-assessment process of a health
insurance company.

Health insurance companies offer insurances to clients. They reimburse claims they receive from their
clients to compensate for medical related treatments they receive from health suppliers. Stakeholders
that play a role in such a health insurance market are clients (the insured), the health practitioner,
the health specialist, the health supplier, the insurance company and the government.

Part of their business consists of checking whether a particular client should be compensated for
a health treatment or not. That is, assessing if the claim should be approved for reimbursement or
not. This business process of a health insurer is called the claim-assessment process. Within this
claim-assessment process in this case study, two sub-processes can be identified, which both have the
same goal: assessing whether the claim should be approved or not. However, the first sub-process is ex-
ecuted by a claim handler that uses standardised tools (such as a decision-tree tool or other protocols)
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to assess the claim. The second sub-process is executed by a subject matter expert (SME), which as-
sess the claim utilising its own expertise. Expertise is here described as both knowledge and experience.

This claim-assessment process is a relatively straight forward process, as is argued in Section 4.1.
However, it its a rather difficult process because substantive knowledge and experience is necessary
to perform the process properly. The latter makes it a valuable object to analyse in this research, as
Chapter 1 signified the potential of Artificial Intelligence applications to knowledge-intensive business
processes.

Within the assessment process different forms and degrees of expertise are experienced. SME’s are
required to do training before starting their work, and the claim handler employees develop expertise
handling claims and their assessment using the tools available to them.

These claim-assessment processes are quite representative for other assessment processes, such as the
assessment process of a bank which provides or refuses a loan to a client (mortgage to house owner,
loan to company to innovate, etc.). Both have similar characteristics: contextualised information (all
information that is relevant to a specific case) is gathered, identified and analysed in such a way that
it forms the basis for a particular decision. This decision is always made by a person accountable for
making this decision.

The goal of this research is to deliver a conceptual design process that supports the design of cog-
nition enhanced business processes. This implies that there is a rationale behind this enhancement,
or transformation as stated in the introduction chapter of this research. This rationale is considered
to be established by the business and related to financial aspects. Determining the rationale for this
transformation is outside the scope of this research. In this illustrative case, the business goal for this
transformation is determined by means of an interview with relevant stakeholders. The rationals in
this illustrative case study are to (1) lower throughput time and increase of quality (2a. less errors,
2b. more consistency) (van der Hulst, 2015).

3.2 From Business Processes and Intelligence to Cognitive Systems
As briefly touched upon in the previous chapters, AI software is considered to provides business pro-
cesses with clever automation solutions. In order to study these ‘intelligent’ functionalities of AI
software and what they can bring to business processes, this chapter further introduces and describe
the perspective this research takes regarding business processes and Artificial Intelligence. To do this,
a deep dive into intelligence and even more into cognition within business processes is needed in the
first place. This research is searching for a way to analyse this cognition within business processes and
thus a detailed specification of how one can scrutinise the cognition that is utilised. Namely, if there is
a way to describe cognition in a process, this can be leveraged to reason about how one can enhance
this cognition. As stated before, this research investigates how AI software can play a role in this.

This section first elaborates on business processes and the entities that express intelligence in a
process, called agents, in Subsection 3.2.1. Subsection 3.2.2 presents the definition of cognition as used
in this research. Next, the systems perspective is introduced more in detail in Subsection 3.2.3 which
is the foundation of the perspective taken in this research. Finally, Subsection 3.2.4 links the concepts
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of Subsection 3.2.2 and Subsection 3.2.3 to each other, elaborating on the cognitive functions that a
system in a business process could posses.

3.2.1 Agents and Business Processes
A business process is defined as a set of business activities that represent the steps required to achieve
a particular business objective (Object Management Group, 2011). A business process consists of
sub-processes (distinct parts of the process that can perform independently) and tasks (the work in
the process that is not broken down to a finer level of process model detail). The execution of tasks
is performed by entities in the business (process), functioning according to a certain role. Such role
can be fulfilled by a human being, a software service or a combination of the two (Object Management
Group, 2011).

Using the vocabulary of Artificial Intelligence field of study, these entities can be called agents. In the
preliminary research conducted in the field of Artificial Intelligence, I noticed that a broad range of
definitions and descriptions exists of agents. As described by Wooldridge (1999), there is no agreement
in literature about what an agent exactly is and no universally accepted definition of the term agent
exists. “There is a good deal of ongoing debate and controversy on this very subject” (Wooldridge,
1999).

One definition of an agent, created by Russell and Norvig (2003), is that an agent is “anything
that can be viewed as perceiving its environment through sensors and acting upon that environment
through effectors”. An example of another definition provided by Wooldridge (1999), is that “an agent
is a [...] system that is situated in some environment, and that is capable of autonomous action in this
environment in order to meet its design objectives”.

Humans can be defined as intelligent agents (Russell and Norvig, 2003), but according to their defini-
tion of an intelligent agent (“an autonomous entity which observes through sensors and acts upon an
environment using actuators and directs its activity towards achieving goals and may also learn or use
knowledge to achieve their goals”), a thermostat is also considered an intelligent agent (complex versus
simple agents). According to Wooldridge (1999), a distinction between agent and intelligent agents
should be made. Wooldridge (1999) states that “an intelligent agent is [an agent] that is capable of flexi-
ble [(reactivity, pro-activeness, social-ability)] autonomous action in order to meet its design objectives”.

Besides their definition of an agent, Russell and Norvig (2003) state that there are agents in different
forms such as human agents, robotic agents and software agents. This research is, however, not inter-
ested in these agents solely human or machine-like, but particular interested in agents as in an entity
representing a combination of a human and machine (robotic or software service), where the machine
is facilitating the human in its activities. This is because in a business process, such as the claim-
assessment process, humans are executing tasks within the process, leveraging machines to support,
i.e. facilitate them in the activities to perform these tasks.
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I am fully aware that this field of agents within Artificial Intelligence is very broad. Furthermore,
I recognise that I hereby only touch upon a small part of agent theory, which studies the design of
(intelligent) agents. However, agents and their intelligent behaviour as described in the field of Artificial
Intelligence inspired me to conduct this research, and is of interest to the development of this research.
Besides, it is a logical starting point for this research, since we are here studying AI applications within
business processes.

Before presenting the definition of an agent as used in this research, first some notions on intel-
ligence and cognition ought to be made, considered from a human point of view. This is regarded
as a legitimate choice, since we are studying humans that are performing tasks within a particular
organisation (structured by business processes), facilitated by the machines they can utilise.

3.2.2 Intelligence and Cognition
Human beings are seen as entities that possess intelligence, i.e. behave intelligently. Intelligence is a
term describing one or more capacities of the (human) mind. Human intelligence is studied widely
in literature, all together covered by the umbrella term cognitive science. Cognitive Science consists
of multiple research disciplines, including psychology, artificial intelligence, philosophy, neuroscience,
linguistics, and anthropology (Thagard, 2014). Probably this is the reason that no uniform definition
of intelligence exists.

To some extent, machines also can carry out intelligent behaviour, but very little relative to humans
(Power, 2015). Recall the system that can play Go as introduced in Chapter 1. This system is con-
sidered to be capable in playing this one game. However, it cannot play other games, not to mention
other capabilities that humans consider as very normal. This human intelligence is closely related
to cognition. Intelligence can be seen as a subset of cognition, and popularly described as the set of
conscious mental processes of a human being (Hendriks et al., 1997). Cognition is the collection of
mental process and activities used in perceiving, remembering, thinking, and understanding, as well as
the act of using those processes (Ashcraft, 2006). This is one of the many definitions of cognition; such
as the concepts of agents and intelligence, multiple fields of study hold multiple definitions of cognition.

Nevertheless, some sort of definition of cognition is important for this research. The definition of
cognition used in this research is composed out of several books on cognition, such as Ashcraft (2006),
Anderson (2013) and Hendriks et al. (1997) by extracting the main concepts they address, and is
worded as follows:

Cognition – The ability to execute processes of thought including perception, recognition,
memory, learning, knowledge, language, comprehension, goal generation, decision-making,

judgement, reasoning and problem solving

To research cognition enhanced business processes, the following gap of knowledge to tackle is
how this cognition is considered in business processes. Systems thinking on cognition, as studied in
cybernetics, provides a perspective to research this knowledge gap.
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3.2.3 System Perspective on Agents and Cognition
Above, I briefly touched upon agents, described from an Artificial Intelligence point of view. This
research is however particularly interested in entities representing an entity that is a combination of
a human and machine (robotic or software service), where the human is facilitated by the machine to
execute its assigned tasks. Therefore, this particular entity is in this research related to what has been
said before about agents, by leveraging a definition of an agent from systems (cybernetic) theory. The
definition of an agent that is used in this research is obtained from Heylighen (2011): an agent is a
goal-directed system that tries to achieve its goals by acting on its environment. “Agents are typically
organisms, such as animals or people. However, they can also be artificial systems, such as robots or
software agents, with pre-programmed goals. They can even be organisations or other social systems,
such as a firm, a football team, or a country, that consist of coordinated individual agents with a shared
set of goals (e.g. making profit for a firm, winning for a football team)” (Heylighen, 2011). To depict
this description, think about an agent as a coherent and collaborating whole of a human and machine
within a business environment.

The systems philosophy can be summarised by the well-known saying that “the whole is more than the
sum of the parts”. A whole possesses emergent properties, i.e. properties that are not properties of
its parts. For example, an organism has the property of being alive; the same cannot be said of the
atoms and molecules that constitute it. A song has the properties of melody, harmony and rhythm,
unlike the notes out of which it is composed.

A system can be defined as a number of parts connected by relations or interactions. The connections
are what turn a collection of parts into a coherent whole. What thus counts are the relations between the
elements, not the elements themselves (its emergent character). The essence here is organisation, that
is, the pattern of connections and the information that is passed on along them, which give the system
its coherence. An systems is always considered to be embodied in its environment, thereby interacting
with this environment by inputs and outputs: they exchange matter, energy and/or information, and
thus mutually affect each other. This leads us to define two other basic systems concepts:

• Input: what enters the system from the environment
• Output: what leaves the system to end up in the environment

Because we know that humans express cognition, i.e. execute cognitive activities, we can say that their
abstraction in systems also hold cognition and the corresponding (cognitive) activities. Next to that,
human beings live and only because they are alive, they are able to express their cognition. Therefore,
a systems abstraction of a human can be denoted as (living) cognitive system.

Ideally, a system exists if its purpose is of value to the world it is embodied in. For example, within a
company, a particular business process only exists if it adds value to the business, that is, it contributes
to the general goal of the business. If it is not of any value, there is no need for the business to exist,
because the burden of its existence (use of business’s resources such as time, people, money, etc.) is
higher that the gain it delivers to the business (which is then zero). This is the principle of a ‘business
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case’. However, there should be noted that in practice, organisations deal with legacy systems that do
not entail value to the business.

This results in the principle that systems are goal-directed (Heylighen, 2011). Besides, all liv-
ing systems are intrinsically goal-directed: “they try to maintain and (re)produce themselves, in spite
of perturbations from the environment” (Heylighen, 2011). A system is pursuing a particular goal,
whereby achieving this goal it creates value. In the example of a business process, the process has a
particular goal. By achieving this goal, it adds certain value to the business by which it is coming
closer to achieve its (overall) business goal.

In a business organisation however, humans are also working towards a certain goal: getting their work
done (individual goal), such that the overarching goal of the organisation (business goal) is achieved.
With that, a systems implicit goal or value is fitness. Fitness is defined as the quality of being suit-
able to fulfil a particular role or task. Thus, in the example of a business, a business process’ fitness
describes the quality of the process being suitable to fulfil the task it is assigned to by the overall busi-
ness. If the fitness of a business process rises by the cognitive enhancement, the business process could
perform better because of the cognitive enhancement. Futhermore, the fitness of a human-machine
system to the business process describes the quality of the system of being suitable to fulfil the task
in the business process it its responsible for. When such a system performs better due to a cognition
enhancement, its fitness in the business process will improve.

From the literature on cybernetics, goal-directedness is achieved via control (Ashby, 1962; Heylighen
and Joslyn, 2001). Control is the successful reduction of deviations from the goal by appropriate
counteractions. For example, hunger is a deviation from the state of sufficient energy. Its counteraction
is to find and eat food. The agent is in control if it manages to eat sufficient food not to stay hungry.
A deviation thus triggers an action (finding and eating food), which produces a reduced deviation
(less hungry), which in turn produces a further action (eat more), and so on, until all deviations have
been eliminated (not hungry anymore). Thus, control is characterised by a negative feedback loop.
A feedback loop is a circular coupling of a system with itself via the environment. The feedback is
called negative when it reduces deviations, positive when it increases deviations.

Thus, agents are control systems, pursuing a goal and able to act to achieve this goal. Generally,
such a system consists out of the following elements, also see Figure 3.1:

• perception (P): information enters the agent from the environment, representing the situation
as experienced by the agent.

• goal (G): internal representation of the ideal or preferred situation for the agent.

• action (A): the agent affects the environment in order to bring the perception closer to the goal.

• diversions (Di): changes in the environment that affect the situation independently of the agent
(i.e. that are not under control of the agent), making it deviate from its present course of action.
Can be diversions that help the agent achieve its goal, i.e. positive diversions (affordances) or
just the opposite, counteract the agent to achieve its goal, i.e. negative diversions (disturbances).

When an agent experiences a (current) situation (perception) which is not the same as its desired sit-
uation (goal), a difference (deviation) in situation is experienced/noticed by the agent. This difference
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Figure 3.1: Schematic illustration of a Agent and its Environment (Heylighen and Joslyn, 2001)

in situation is called a problem. If there would be no difference, the agent would be perfectly satisfied
and would have no reason to act. Two notions on problems here:

• A problem in this sense is not necessarily negative or unpleasant: it is sufficient that the agent
can conceive of some way to improve its situation and is motivated to seek such a improvement.
For example, if I feel like drawing, then my “problem” is defined as the difference between an
empty page and a page with an esthetically pleasing sketch on it.

• A problem should also not be seen as something purely intellectual: if the cup I am holding tilts
a little bit too much to the left, so that coffee may leak out, this defines a problem that I must
resolve by restoring the balance.

Referring to state-determined systems, any problem is characterised by:

• an initial state, i.e. the situation you start from which is unsatisfactory (such as a car that does
not start, or an unsolved puzzle).

• a goal state, i.e. a conceivable situation that would satisfy your criteria for a problem solution
(such as a car that drives, or a puzzle where all the pieces have fallen into place).

With perceiving its current situation (initial state) and its willingness to reach its goal (goal/desired
state), the agent’s task is to bridge this gap between these to situations, i.e. solve the problem. To
solve its problem, the agent has to select and perform one or more actions that together eliminate (or
at least minimise) that difference (using the presumptions created by negative feedback loop).

For example, the claim-assessment process tries to minimise the number of claims in the cue that
(still) need assessment. To achieve this, it executes tasks to perform this assessment of the claims.
This is a sequential process: claims are assessed in sequence.

3.2.4 Systems and Cognitive Functions
As stated earlier, to execute certain tasks an agent in a company needs some form and degree of
cognition. Thus, from a systems (cybernetic) perspective, when a system encounters a problem that
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it wants to solve, cognition is required. If this system is capable of executing tasks (associated with a
particular business process), it is capable of successfully expressing the right cognitive functions to get
closer to its intended goal(s).

Recall the definition of cognition as used in this research: cognition is “the ability to execute processes
of though such as/including perception, recognition, memory, learning, knowledge, language, compre-
hension, decisions, judgements, reasoning and problem solving”. From the definition of cognition, a
decomposition of the cognitive functions that exist, i.e. that a cognitive system holds (and needs
to solve a problem) can be made. This decomposition is largely based on (adapted from) Heylighen
(2011).

Perception (P) The agent needs to sense as precisely as possible what deviations there may exist,
and in how far previous actions have affected these.

Representation (R) Perception produces an internal representation of the outside situation, such as
a pattern of activation across neurons. Note that this representation is not an objective reflection
of external reality as it is, but a subjective experience of how the agent’s personal situation may
deviate from the preferred situation. There is also no reason to assume that a representation
consists of discrete units (symbols) that represent separate objects or aspects of the situation.
Fundamentally, the agent’s cognition does not represent objective phenomena, but subjective
sensations that depend on the agent’s goals.

Information processing (IP) The agent needs to process or interpret the information in the rep-
resentation, and in particular determine precisely in what way it differs (or may start to differ)
from the goals, and which actions could be used to reduce those differences. This requires some
process of inference.

Decision making (De) The agent needs to select an action to perform. In general, only one ac-
tion can be performed at a time; if several actions seem appropriate, the best one needs to be
determined.

Knowledge (K) To make adequate decisions, the agent has to know which action is most appropriate
to reduce which deviation. Otherwise the agent would have to try out an action at random, with
little chance of success, and thus a high chance of losing the competition with more knowledgeable
agents.

Intelligence (I) If the problem is complex-so that solving it requires more than one interpretation
and/or action-the agent may need to look ahead at likely future situations by making inferences,
exploring their consequences, and developing a plan to deal with them, i.e. by designing a
sequence of well-chosen, coordinated actions that as much as possible take into account the
intricacies of the situation.

Note that these distinct functions do not necessarily correspond to distinct components in the
cognitive system: the same component (e.g. a nerve connecting a sensor to an effector) may perform
more than one function (e.g. perception, representation, knowledge, etc). Let us follow through the
control process outside the agent, noting how the environment too participates in solving (or worsening)
the problem:
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Action (A) The agent should be able to perform a sufficiently broad repertoire of actions to affect
the environment in the needed way: the more variety there is in the diversions, the more variety
there must be in the actions to deal with them. This requires sufficiently powerful and flexible
effectors.

Affected variables (AV) Only certain aspects of the environment are affected by the agent’s actions:
for example, the agent cannot change the weather, but may be able to find or make a shelter
against the rain.

Dynamics (Dy) Changes in the environment, whether produced by the agent or by diversions (i.e.
all events not produced by the agent), generally lead to further changes, according to the causal
laws or dynamics governing the environment. For example, a stone pushed over a cliff by the
agent will fall down to the bottom, where it may break into pieces. This dynamics may help or
hinder the agent in achieving its goals. It may even perform some of the required information
processing, like when the agent adds stones together to perform calculations (calculus = Latin
for “small stone”).

Observed variables (OV) The agent cannot sense all changes in the environment, whether caused
by its own actions, diversions or dynamics; the variables it can perceive should ideally give as
much information as possible relevant for reaching the goal; irrelevant variables are better ignored
since they merely burden the cognitive system.

In cybernetic literature, systems that are considered to hold and can express (some form of) cognition
are called cognitive systems. A cognitive system can be defined as a goal-directed system that tries
to achieve its goals by acting on its environment (Heylighen, 2011).

When we put the different internal and external components of the control process together, we
end up with the following more detailed scheme as presented in Figure 3.2 and obtained from Heylighen
and Joslyn (2001).

In general, the cognitive system cannot be certain which action is appropriate (Heylighen and
Joslyn, 2001). This is because the environment is infinitely complex: every phenomenon in the universe
has potentially some influence on what can happen here and now. Moreover, every situation is unique:
even seemingly identical situations can produce different outcomes.

Furthermore, the cognitive system cannot have perfect knowledge of what to do for each possible
situation. This implies that some of the actions the cognitive system performs will not be optimal,
or not even adequate (Heylighen and Joslyn, 2001). However, this is not grave because errors can
generally be corrected by subsequent actions. The only real requirement is that actions must be more
likely to improve than to worsen the situation. If that condition is met, a long enough sequence of
actions will eventually bring the cognitive system close to its goal.

Cognitive Systems are studied in scientific literature. The Elsevier journal of Cognitive Systems Re-
search published its first volume in 1999 (Honavar et al., 2015), thus is fairly new to the scientific
body. The journal Advances in Cognitive Systems publishes research articles, review papers, and es-
says on the computational study of human-level intelligence, integrated intelligent systems, cognitive
architectures, and related topics since 2012.
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Figure 3.2: Schematic illustration of a System embodied in its Environment, denoting the Cogni-
tive and Physical aspects of control of these two concepts (Heylighen and Joslyn, 2001)

3.3 Cognitive Systems as Used in this Research
In this research, the concepts and Figure 3.2 from Heylighen and Joslyn (2001) and the earlier presented
definition of cognition is used to study cognition enhanced business process by AI system more in detail.
To emphasise, a cognitive systems is thus considered here as an entity that consists of a human agent
and a machine agent, and thereby purely a conceptual notion.

From a cybernetics perspective, such a cognitive system can thus be seen as a system where a
human and a machine interact with each other (Heylighen, 2011). In other words, a human which is
being facilitated by a machine. This machine may have to have some form and to some degree have
artificial intelligence, of which its design is studied in the Artificial Intelligence and Computer Science.

In an organisation, humans interact with each other and the organisation depends on the interaction
of these people. Often multiple roles are present in a business process, and thus multiple cognitive
systems. Each cognitive system behaves individually, trying to achieve its own goal(s). However, in
an organisation consisting of multiple cognitive systems, the cognitive systems are collectively working
together to achieve the organisation’s goal (Dignum, 2013). One studying business processes is therefore
obliged to say something about these interactions between the people and the machines they are using
(could be collective use: shared computer services, e.g. same data processing environment) in the
organisation. Leveraging concepts from systems theory, one can denote that these ‘(cognitive) systems’
or agents are coupled and interact with each other and form as a group a system on itself, a so called
multi-agent system (Dignum, 2013).

Cognitive systems can furthermore be identified on different organisational levels. Furthermore,
systems can be systems that consists of other systems, called sub-systems, allocated in a hierarchical
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order. Therefore, a group of cognitive systems performing the tasks of a business process can, from a
holonic perspective, be seen as one cognitive system itself. That is, a system – consisting of a collective
of cognitive systems – executing the business process with a certain performance. Thereby, this system
is also capable of conducting cognitive performances, i.e. inheriting the (collective) cognition of the
cognitive systems it consists of, and thus indeed can be (also) called a cognitive system. Such systems
are called holonic systems in literature (Clegg, 2007).

However, this research however only focuses on the lowest organisational level where individual
humans (workers) are performing individual tasks by executing a set of activities. That is, it
does not take into account the interactions between systems on the same hierarchical level (multiagent
systems) nor systems on other hierarchical levels (holonic systems).

According to Russell and Norvig (2003) and thus stated from an Artificial Intelligence point of view,
“intelligent agents need knowledge about the world in order to reach good decisions”. Furthermore,
according to the cybernetician Ashby (1962), this appropriate selection of sequential actions
(i.e. making the right decisions) is the essence of intelligence. These statements corresponds what has
been stated about a business process executed by human beings such as the claim-assessment process
mentioned earlier; humans (and certainly subject matter experts) utilise their knowledge to be able
to make decisions when presented a complex and difficult tasks. This research therefore identifies its
view on intelligence in business processes with this statement on intelligence as appropriate selection
of sequential actions by Ashby (1962).

The relation between cognitive systems, roles, tasks and business processes as considered in this research
are schematically visualised in Figure 3.3, utilising the Business Process Modelling Notation (Object
Management Group, 2011) to draft the Organisation worldview in this figure. One can see in this
figure that a cognitive system fulfils a certain role, thereby executing certain tasks within the business
process. The cognitive systems that fulfil a role in a business process are performing tasks all together
to execute the business process.

To execute tasks, a (cognitive) system needs to utilise its cognition to execute the necessary
activities to perform a certain task at hand, thereby expressing cognition. Thus, a cognitive system
performs tasks within the business process, using the capabilities it possesses, included in these are
its cognitive capabilities. From a task-point of view, to perform a certain task, certain cognitive
capabilities are required to perform the tasks in (at least) a sufficient way.

3.3.1 Cognition Enhanced Business Processes
When the cognitive capability of a cognitive system is enhanced, the cognitive system is more capable
of performing the task, i.e. the performance with which the tasks is executed will be raised – bluntly,
the task will be ‘better’ executed. This performance raise depends on the goal of the (cognition) en-
hancement of the business process (efficiency, quality, et cetera). Thus, to make clear, it is not the
business process itself that is being enhanced as meant in this research. What is being enhanced is the
cognitive system that performs activities in the business process, as a conceptual entity.
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Figure 3.3: The relation between the Organisation world and Agent / Cognitive Systems world

Recalling Figure 3.2, the interaction between the components through their connecting processes form
the ‘cognitive activities’ the agent/cognitive system can express. Thus, if one increases the performance
of these cognitive processes (perception, information processing, action, etc.), one thereby increases
(enhances) the quality of the cognitive activities executed by the cognitive system, and thus its overall
cognitive performance. These cognitive processes can thereby be leveraged as categories or types of
cognitive enhancements.

Based on all above, one could characterise cognitive requirements and capabilities through the cognitive
functions as identified and argued in this chapter. The Cognitive Requirements of a business process
can be seen as the (form and level of) cognition that the tasks in the business process require in order
to be performed such that it creates value for the business process (and thereby for the whole busi-
ness). The Cognitive Capabilities of AI software as introduced in Chapter 2 are thus the capabilities of
the software to ‘boost’ the cognitive functions of the cognitive system (human), thereby boosting the
performance of the tasks performed by humans. Finally, a cognitive enhancement can now be defined
as the increase of the ‘level’ of cognition, i.e. the difference between the current state and the desired
(enhanced) state.

To summarise, the link between the behaviour of elements of business processes and cognition is pre-
sented, which is found in theories on cognitive systems. Now this understanding is created, one can
denote what is meant by enhancing this cognition and what it entails. Recalling Figure 3.2, represent-
ing the components and processes of a cognitive system. The interaction between these components
through their connecting processes form the ‘cognitive’ activities the agent/cognitive system can ex-
press. Thus, if one increases the performance of these cognitive processes (perception, information
processing, action), one thereby increases (or: enhances) the quality of the cognitive activities exe-
cuted of the agent/cognitive system, and thus its (overall cognitive) performance. These cognitive
processes can be used as categories or types of cognitive enhancements.
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Now recall the conceptual design phase from Chapter 1 to conceptually design a system (Figure 2.2),
which is the focus of this research. This conceptualisation phase forms the underlying setup of this
research, and the question is now how this design process of cognition enhanced business processes
looks like.

3.3.2 Cognitive Systems Applied in Illustrative Case
Recall the description of the claim-assessment process in Section 3.1. With the concepts such as
business processes, intelligence and cognitive systems introduced and described in Section 3.2 and Sec-
tion 3.3, the claim-assessment process is analysed here for illustration purposes.

Consider the claim handler and the machines that he or she uses to process the claims as a cognitive
system. This system starts by observing the claim and its corresponding record it receives (perception)
and determining that an assessment is needed if the claim should be reimbursed or not (goal). The
claim handler will then make an internal representation of all the information available on the record,
which is processed in order to infer an assessment of the claim (information processing / reasoning).
Based on this reasoning, the claim handler decides if the assessment and his or her recommendation
is complete and correct (enough) (decision), the claim handler sends the record including the drafted
assessment and recommendation back to the person who sent the claim. If not, the claim handler
takes an action such that it is better able to draft a complete and correct assessment. Examples
of possible actions are gathering more information, consulting with colleagues (language), et cetera
(problem solving loop). These actions cause changes to the variables of the claim record (affected and
observed variables), which are again perceived by the claim handler.

A claim handler in this case study has a lot of knowledge on different kinds of domains: the health
insurance domain, biology domain, knowledge on internal protocols and guidelines set by the health
insurance company, and more. All relevant knowledge from its memory is used to reason about the
information at hand and draft an assessment and recommendation. The expertise of the claim handler
is here considered as the ability to use its cognitive capabilities properly, such that the claim handler
will produce better outcomes.

To process the information such that this information is actually digested by the claim handler, he of
she needs to comprehend the information at hand, which can then be used to reason and to be used
to come to judgement. The final most correct judgement, according to the claim handler, will most
likely be transformed into the final decision if the claim should be reimbursed or not. Otherwise, it
will be a judgement that says that more information is needed to come to such a decision. When a
claim-handler has assessed multiple claims, it generates experience, by reasoning about each individual
assessment and all assessments overall to infer certain patterns (learning).

The enhancement of the cognition of the cognitive system here focuses on what is considered to be
the most difficult cognitive processes when handling claims as described above. An interview with
stakeholders from a health insurance company, responsible for the handling of claims, resulted in the
observations that the most difficult activities are related to deducing the correct conclusion from the
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right information. The question that remains to be answered is thus what possibilities exist to enhance
the cognitive functions expressed in the business process by AI software, i.e. cognitive system such as
formally conceptualised in this research. Chapter 4 presents the first step of the envisioned conceptual
design process that contributes to the answer to this question.

3.4 Chapter Summary
This chapter provides insights in the concepts that are used throughout this thesis. The main insight
that it generates is that a human facilitated by machines, performing certain activities which are asso-
ciated with a particular business process, can be viewed as a cognitive system. In this research, these
cognitive systems are studied individually and only those systems that are on the level of performing
tasks. Next, it gives a description of such a cognitive system, emphasising its cognitive function, which
is primarily used further in this research. Furthermore, the notion how a cognition of a business process
can be enhanced is described. It states that this can be achieved by enhancing the performances of
the cognitive functions of a cognitive system within the business process, by designing these cognitive
systems utilising the cognitive capabilities that can be leveraged by (AI) software. Finally, this chapter
illustrated how the concept of cognitive systems and its related notions can be used by applying them
to a case. This case on the claim-assessment process of a health insurance company is further studied
in the next chapters of this thesis.

38



4 | Cognitive Requirements of Business
Processes

This chapter presents the research that is conducted on the second research issue (RI2) raised Chapter 1
in Figure 1.4: Establish requirements to enhance the cognition of business processes. As explained in
the Chapter 2, this research is interested to know how to match the properties of business processes
that are (in some form and degree) related to cognition to the AI software and the technologies they
utilise (e.g. machine learning). Therefore, one needs first to examine business processes in such a way
that these cognitive properties can be identified and analysed, and formulated in such a way that they
represent the cognitive requirements (CR) of the business process; the cognitive activities that are
required to properly execute the tasks in the business process and thus the process as a whole. These
cognitive requirements can be used to match suitable AI software and corresponding technologies to
the business process at hand. Thereby, this chapter creates the first part of the conceptual design
process, the Cognitive Requirements Design Process (CRDP) (see Section 2.2). The chapter
shows a way to elicit the cognitive requirements of a business process, by sequentially describing the
theoretical underpinnings of this design process, focused on eliciting these cognitive requirements and
its use in the illustrative case introduced in Section 3.1.

Section 4.1 kicks off by describing and explaining what is exactly needed for the formulation of
cognitive requirements of business processes. More specifically, it describes how a business process is
analysed and decomposed in sub-processes and tasks and how these can be specified utilising Business
Processes Modelling theory and notation. Section 4.2 elaborates on Cognitive Task Analysis and how
this theory and its methods can help to identify the cognitive elements within a (knowledge-intensive)
task. When the cognitive elements are identified, they can be formalised as cognitive requirements such
that their specification is consistent in terms of granularity. Section 4.3 therefore addresses Require-
ment Engineering as a scientific concept and business standard, describing how it can be leveraged
to formulate these cognitive requirements from the cognitive elements identified in Section 4.3. By
combining Business Process Modelling, Cognitive Task Analysis and Requirement Engineering from
respectively Section 4.1, Section 4.2 and Section 4.3, a description of the first part of the engineered
design process on how to formulate (i.e. design) cognitive requirements of a business process is given in
Section 4.4. This last section furthermore assesses and discusses the constructed CRDP on the criteria
stated in Chapter 2, which thereby concludes this fourth chapter.

39



Chapter 4. Cognitive Requirements of Business Processes

4.1 From Business Processes to Tasks and Roles
The goal at hand is to formulate the cognitive requirements of a business process. We can thereby
identify the starting point of our quest by analysing business processes of organisations. To date,
it is common to describe organisations as sets of business processes (Pidd and Melao, 2000). More
specifically, we are interested in what happens in a business process or, put differently, what the
execution of such a business process entails. The Object Management Group (2011), an organisation
describing and maintaining definitions of technological standards worldwide, defines a business process
as “[...] a defined set of business activities that represent the steps required to achieve a business
objective. It includes the flow and use of information and resources”.

4.1.1 Business Process Modelling
According to the above mentioned definition of a business process, business activities are those activities
that have to be executed such that the goal of the business process is achieved. For this research, these
business activities are of interest; when an overview of these business activities would be available, we
would be a step closer to identify the cognitive properties that are needed to execute these business
activities, and thereby the business process as a whole. Such overview of the activities of a business
process can be drafted by employing approaches that identify and analyse business processes and their
activities. Such an approach is Business Process Modelling and is well known in both the business
world as the scientific world, abbreviated to BPM (Pidd and Melao, 2000).

Using Business Process Modelling one is thus able to decompose and formulate the distinct tasks in
the process (Object Management Group, 2011). Although many notations for business process models
exist, a well known BPM notation is the Business Process Modelling Notation (BPMN) standard
(Object Management Group, 2011). BPMN is a formal notation standard of business process modelling,
and commonly used in and adopted in practice by organisations. In this modelling notation business
processes are decomposed in sub-processes, which on their turn consist out of tasks (in increasing
order of granularity). A sub-process is a process that is included in another process, thereby lower in
hierarchy and can entirely be executed stand alone (Object Management Group, 2011). Next, a tasks
is denoted as ’the work in the process [that] is not broken down to a finer level of process model detail’
(Object Management Group, 2011).

4.1.2 Application to this Research
Within an organisation, tasks can be executed by a person, an application, or both. In the light of
this research, such an application could thus be an AI technology driven piece of software, i.e. AI
software service. BPM visually denotes these participants in a business process. It can be a specific
organisational entity (e.g. department) or a role (e.g. assistant manager, doctor, student, vendor).
In BPMN the rectangular boxes represent these specific organisational entities or roles. One or more
tasks present in a business process are in BPMN visually differentiated by the specific organisational
entity or role played by an organisational entity executing these tasks.

Recapitulating, these specific organisational entities and roles described in a business process model
indicate the entities that execute the tasks in a business process. In the light of the theoretical notions
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on cognitive systems in Chapter 3, such an entity (a human worker, facilitated by a machine) is viewed
as a cognitive system. These cognitive systems are, conceptually speaking, thus the entities executing
these tasks. Because these tasks are considered to be executed utilising some form and degree of cogni-
tion, these entities (cognitive systems) are expressing cognition when executing these tasks. Section 3.3
furthermore showed that it is possible to analyse cognitive systems to identify the cognitive functions
of such a system. The line of reasoning corresponds to insights from the field of psychology on humans
working in businesses, which state that the activities performed by humans in an organisation involve
‘some form and some degree’ of cognition, and these humans are thus expressing cognitive process
(Klein et al., 1989).

Based on the insights above, one can infer that the tasks in a Business Process Model (specified
according to the BPMN standard) are the objects that can entail cognitive properties when executed.
Furthermore, the entities executing these tasks (in Chapter 2 referred to as cognitive systems) are
considered to possess the cognition needed and utilise their cognitive functions to execute these tasks.
As a result, the tasks of a business process are considered to be very valuable to look at to succeed
in our quest to the cognitive properties of business processes. A business process modelling exercise is
thereby considered to be a valuable approach in this research, as it will result in a clear set of tasks a
particular business process consists of (Object Management Group, 2011).

This set of tasks can be filtered to extract the tasks that are valuable for further investigation.
As mentioned before in Chapter 2, this research is interested in enhancing the cognition utilised in
business processes. The tasks performed in the business process model that entail a relatively high
degree of cognition are most interesting here, since that indicates that when this cognition is enhanced,
the corresponding tasks could be performed in a better way.

Next to the decomposition of the business process, the current viewpoint lends itself to investigate the
requirements of the stakeholders of the business process under review. It is important to identify their
needs and define them specifically into stakeholder requirements, such that the design will also reflect
their needs. These defined stakeholder requirements can be taken into account in the design process.

4.1.3 Example by Means of Illustrative Case
To illustrate the conceptual notions and BPM exercise as described above, the business process model
as visualised in Figure 4.1 describes the claim-assessment process of this case study. The case study
only considers claim assessments where a human being is needed in the assessment process for to
perform the actual assessment, thereby neglecting assessments that are performed automatically by
(computer) systems.
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Figure 4.1: Business Process Model of case study 1
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In this business process model, two architecture layers are presented. These layers are considered
to be of most value here, since we are interested in the different process tasks within the process and,
because we are dealing with knowledge-intensive business processes, the information that is involved
in these tasks.

Figure 4.1 shows that two different sub-processes exist within this organisation that are both respon-
sible for the assessment of claims. The first sub-process, executed by a claim handler, assesses if the
claim is complete. If not, the claim is send back to the applicant. If the claim is complete, the claim
handler tries to assess the claim based on standardised protocols (such as decision-trees). If the claim
handler succeeds, the claim handler can approve or decline the claim properly. If, for a certain reason,
the claim handler is not able to assess the claim in a proper way, the claim is send to a subject matter
expert (SME). The subject matter expert advises, amongst other things, on more complex medical
claims (second sub-process). All the information on the claim is send to the SME, who conducts a
second assessment. With his or her in depth knowledge on medical concepts and experience assess-
ing many different claims, the SME is able to come to a legitimate assessment and decision of the claim.

From the business process model, the tasks relevant to the assessment of claims can be extracted. The
following tasks can thus be extracted from Figure 4.1:

• Check claim for completeness
• Assess claim utilising protocols
• Determine field of study
• Send claim to corresponding expert department
• Receive claim
• Assess claim (manually)

Reviewing the list above, the tasks Assess claim utilising protocols and Assess claim (manually)
seem play an important role in the whole business process, since they comprise the essential activity
of the process: assessing if a claim should be approved for reimbursement or not. Furthermore, a
significant portion of cognition is needed to execute these tasks: both knowledge about medical concepts
and claim insurance is needed to adequately perform such a claim assessment, utilising thought to
perceive, process and judge the information in the claim. This also borne witness of the fact that
one needs a sufficient amount of training before one can actually assess claims in a proper way. At
the insurance company this case study is conducted, claim handlers are being trained for half a year.
The two highlighted tasks are essentially the same – both entail the assessment of a claim, however
executed by different roles in the process (claim handler and subject matter expert). Based on these
reasons the tasks Assess claim utilising protocols and Assess claim (manually) are further investigated
in this first sub-design process of the conceptual design process. Therefore, the focus on the rest of
this chapter is on these two tasks.

4.1.4 Intermediate Conclusion
To conclude the story so far, Business Process Modelling (here shown according to the BPMN standard)
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can aid one in eliciting the cognitive properties of a business process, namely the cognitive aspects of
its tasks. Therefore, it can be utilised to perform the first step of the cognitive requirements design
process – the construction of an overview of the elements of a process – from here referred to as the
design step A. Business Process to Tasks. For this research, the identification of sub-processes, tasks
and roles is especially valuable, although the BPMN standard notion is much more comprehensive
than only this selection. As already stated in this section, the tasks are executed by entities (viewed
from a systems/cybernetic perspective) that entail some form and degree of cognition. Performing this
business process modelling exercise will result in a list of tasks. Thus, the cognitive aspects of these
tasks are of particular interest for this research to analyse. The question that raises is how to reveal
these cognitive aspects of the tasks of interest.

4.2 From Tasks and Roles to Cognitive Activities
With the overview of the tasks in a business process formed in Section 4.1, the designer is able to take
a closer look at these sub-processes and tasks. To be able to formulate the cognitive requirements of
a business process, the cognitive aspects of the tasks need to be identified and extracted in some way.
A method that can be utilised to guide this identification and extraction process is desirable.

From psychological and management literature, theories under the scientific umbrella term Task
Analysis are found. Task Analysis consists of a variety of techniques for identifying and understanding
the structure, the flow, and the attributes of tasks, required for a user to complete a task or achieve
a particular goal (Jonassen et al., 1999). Task Analysis is studied in the System Engineering field as
well. According to Jonassen et al. (1999) in the light of designing a new system, “task analysis makes it
possible to design and allocate tasks appropriately within the new system. The functions to be included
within the system [...] can then be accurately specified”. A branch of Task Analysis is Cognitive Task
Analysis, focusing more on the cognitive aspects of the task under study. Cognitive Task Analysis
seems promising for achieving the objective presented above. Therefore, this section further elaborates
on Cognitive Task Analysis and how it is used in this research.

4.2.1 Cognitive Task Analysis
Cognitive Task Analysis (CTA) is a category of Task Analysis, focusing on the cognitive aspects of
executing tasks, i.e. describing and representing the cognitive activities that underlie goal generation,
decision making, judgements, etc., not on evaluating the outcomes of task executions (Hoffman, 2005;
Schraagen et al., 2000). One can recognise (a part of) the definition of cognition as presented in
Section 3.2.

Cognitive Task Analysis analyses and represents the cognitive activities users utilise to perform
certain tasks. CTA describes approaches to the understanding of cognitive activities required for man-
machine systems (Hollnagel, 2003). Some of the steps of a cognitive task analysis are: the mapping
of the task, identifying the critical decision points, clustering, linking, and prioritising them, and
characterising the strategies used (Klein et al., 1989). There is a collection of methods available for
conducting a cognitive task analysis. Applied Cognitive Task Analysis (ACTA), the Critical Decision
Method (CDM), Skill-Based CTA Framework, Task-Knowledge Structures (TKS) and the Cognitive
Function Model (CFM) are a few examples. Cognitive task analysis has been used to examine for
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example the decision-making process of experts, the development and evolution of mental models and
the information requirements for command and control systems (Klein et al., 1989).

Although there are many varieties of CTA methods, most methods follow a five-stage process
(Schraagen et al., 2000; Clark et al., 2006; Coffey and Hoffman, 2003; Cooke, 1994; Hoffman et al.,
1995; Jonassen et al., 1999):

1. Collect preliminary knowledge: getting familiar with the content, systems and procedures being
analysed;

2. Identify knowledge representations: examining each task to identify its underlying activities and
types of knowledge required to perform it;

3. Apply focused knowledge elicitation methods: collect the knowledge identified in the prior stage,
using methods that are appropriate to the targeted knowledge type;

4. Analyse and verify data acquired: sometimes the knowledge elicitation techniques are less for-
mal and require that the analyst code and format the results for verification, validation, and
applicability for use in their intended application;

5. Format results for the intended application: for less formal CTA methods, such as those described
here, the results must be translated into models that are appropriate to aid the design and
development of the system under review.

The first two stages will be referred to as respectively the design step B. Preliminary knowledge col-
lection and C. Knowledge representation identification. These design steps mainly resulted in the
information of the claim-assessment process as noted in Section 3.1. From here, the third to fifth stage
of the CTA will be combined and referred to as one design step for the purpose of clarity: D. Tasks
to Cognitive activities. This stage is actually responsible for the extraction and formulation of the
cognitive activities from the tasks under review. This design step is scrutinised and constructed in the
next subsection.

4.2.2 Application to this Research
CTA is focused mainly on the design of training systems, but also other systems where cognitive skills
are valuable input for the design of that system. CTA focuses, more specifically, on expertise. Expertise
can be described as knowledge on how to execute a particular skill set in the best way. The characteris-
tics of CTA match with the intention of eliciting the cognitive requirements within the design process,
since it focuses on the design of cognitive systems in a business process. Furthermore, the business
processes that are considered in this research are delineated to processes that are knowledge-intensive.
Hence, CTA is considered as relevant to this research.

To elicit the cognitive activities expressed (by a cognitive system) when executing particular tasks,
Cognitive Tasks Analysis seems thus to be a method that is able to achieve this, making it a valuable
method in the process of identifying the cognitive properties of business processes and thus valuable
for formulating the Cognitive Requirements of business processes.

As stated earlier, many variants of CTA methods exist. The challenge is to choose the method
that delivers the outcomes that suit the design of a systems as intended by the designer. To choose
wisely, for this research a couple of criteria are formulated to which the method should comply to:
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1. The method should be relatively easy to conduct for people that are no experts in psychology,
because this research constructs a design process intended for business system designers and AI
software experts.

2. The method should not be very time consuming, since it will be used in a business context where
time is costly.

3. The method should deliver a high probability of high quality outcomes, otherwise the design
process will not be very valuable.

Based on a literature search and brief assessment, Applied Cognitive Task Analysis (ACTA) is consid-
ered most appropriate in view of these three criteria (Clark et al., 2006; Militello and Hutton, 1998)
and therefore utilised in this part of the design process. ACTA is an approach where you sequentially
conduct three structured interviews: an interview for constructing a Task Diagram, an interview where
you audit the knowledge available and an interview where you extract additional knowledge through
a simulation.

Task Diagram Through the first interview, you develop a Task Diagram that gives a broad repre-
sentation of task and that specifically allows you to hone in on complex cognitive processes that
merit further consideration. This interview is intended to elicit a very broad overview of the
tasks, thereby ensuring that one will not try to extract detailed knowledge from the interviewee
(Rouse and Morris, 1986). Therefore, the delineation of each tasks should be limited to six steps
(Militello and Hutton, 1998), thereby complying to criteria 2.

Knowledge Audit The second interview yields a Knowledge Audit, which probes the expert on the
skills and knowledge applied to the tackle specific component tasks or decision points in the
overarching task process. It draws directly from the extensive research literature on expert-
novice differences and critical decision method studies (Hoffman et al., 1995; Klein et al., 1989;
Militello and Hutton, 1998). The knowledge audit is organised around knowledge categories
that have been found to characterise expertise: diagnosing and predicting, situation awareness,
perceptual skills, developing and knowing when to apply tricks of the trade, improvising, meta-
cognition, recognising anomalies, compensating for equipment limitations. It is a relatively non
labour-intensive method (thereby complying to criteria 1), focusing not on the extensive detail
and sense of dynamics such as the critical decision method (Klein et al., 1989). However, they do
provide enough detail to retain the appropriate context of the task (Militello and Hutton, 1998),
thereby complying to criteria 3.

Simulation Interview The third and last interview involves presenting the expert with a specific
and relevant scenario designed to elicit insight into the cognitive processes used by the expert in
the scenario context, i.e. conducting a simulation interview. Klein et al. (1989) and Howell, W.
C. and Cooke (1989) have asserted that identification and exploration of information surrounding
high consequence, difficult decisions can provide a sound basis for generation of effective training
and systems design. Simulation- and incident-based interviews have been used successfully in
many domains (Klein et al., 1989; Flanagan, 1954), all in all complying to criteria 3.

Furthermore, each of these interviews, i.e. steps generate a separate easy formatted and structured
outcome (Clark et al., 2006; Militello and Hutton, 1998). Also, ACTA is developed as a streamlined
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CTA method intended for use by instructional designers and systems designers rather than knowledge
engineers, cognitive psychologists, and human factors/ergonomics professionals (Clark et al., 2006),
thereby complying both to criteria 1.

To leverage the process steps of both Cognitive Task Analysis and Applied Cognitive Task Analysis,
the third process step of CTA is replaced by the three process steps of ACTA, resulting in a seven step
process which is suited to the goal of this part of this research. These seven steps are described and
elaborated in Appendix B.

4.2.3 Example by Means of Illustrative Case
To illustrate the conceptual notions and the CTA exercise described above, the CTA is performed
on case study one. First, preliminary knowledge is gathered about the tasks in the claim-assessment
process by means of conducting informal interviews and reading relevant documents. The following
insights are extracted in this step:

• A claim-assessor is asked to give advice on whether or not a claim should be reimbursed. Such
advice is always written down in text. An advice is furthermore always structured in three
parts: a general sentence indicating what is asked (‘a request for reimbursement for a patient of
age X, suffering from disease Y and treatment Z ’), factual information about the patient, from
literature and regulatory frameworks, and the actual assessment of the claim in the form of a
line of reasoning supported by all relevant information. A proper advice can only be given if the
request is properly formulated.
• A request for reimbursement is mostly textual in form, sometimes supplemented with pictures,

casts, etc. In a request a proper formulated question must be present explicitly, in order to be
assessed.

Next, more in depth knowledge about what kind of information is dealt with during the execution of
the tasks, and which knowledge is required to perform the tasks, are examined. This step resulted in a
terminology to use for proper communication about the concepts and insights what type of knowledge
is required in order to be able to assess a claim: internal assessment frameworks, laws and regulations
regarding health care, professional groups standard protocols, communication with colleagues, medical
institutions, etc.

Third, an ACTA-interview is conducted with a claim-assessment expert of the company this case study
is performed at. This step created the most valuable insights for this research, since it addresses the
cognitive elements that are involved in performing a claim assessment. Note that only the tasks Assess
claim utilising protocols and Assess claim (manually) in the business process model in Figure 4.1 are
considered, as explained in Section 4.1.

• As stated in Section 4.2.2, first a Task Diagram is constructed together with the claim-assessment
expert. This resulted in the Task Diagram as visualised in Figure 4.2. For each step in the task,
the expert is asked to describe the step in detail, which information is needed to perform this step
and, most importantly, which cognitive functions he/she needs to perform this step properly (a
list of cognitive functions plus description is provided in advance of the interview). This first part
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of the ACTA resulted in a table with extracted cognitive steps performed by the claim-assessment
expert, which can be seen in Appendix B.

Gather the claim 
information

Comprehend the 
claim information

Extract     
relevant and 

valuable facts

Compose a  
sound line of 

argumentation
Draft the advice

Figure 4.2: Task Diagram from the Cognitive Task Analysis conducted in case study 1

• In the second part of the ACTA-interview, the expert is asked to reflect on a couple of probes
presented by the interviewer, the Knowledge Audit, to extract the cognitive functions that are
employed by people having experience assessing claims. For different aspects of expertise, the
expert was asked to formulate the cues and strategies used to perform the assessment of a claim
and what is difficult about it. The main results of this step include the extension of the insights
generated by the Task Diagram and the identification of three abstraction levels of a claim
assessment, denoted by the interviewee: micro (one claim specific), meso (claims that belong to
the same case) and macro (assessment of general treatments on national level). On meso level,
more than one claim assessment is considered and ultimately judged if these claims can be dealt
with similarly. All results of this second part of the ACTA-interview resulted in Appendix B.
• The third part of the ACTA-interview is the Simulation interview, resulting in more understand-

ing how the experts thinks when assessing a claim. For all events occurring in the simulation, the
expert is asked for each event which actions he/she performs, how he/she assesses the situation
at the time of the event, the critical cues that the experts uses when performing the action and
the potential errors a novice would be likely to make when he/she has to deal with this particular
event. The results of this third part of the ACTA-interview resulted in Appendix B.

The results of this interview are analysed, processed and formatted such that they are of value in the
next step of the CRDP of the conceptual design process. Due to the fact that all the results together
are a big amount of information, only an excerpt is visualised in Figure 4.3 but nevertheless illustrates
its purpose and value to this research. In this figure, in literature called a Cognitive Demand Table
(Militello and Hutton, 1998), the steps Extract relevant and valuable facts and Compose a sound line
of argumentation (meso level) are elaborated by describing their relevant difficult cognitive activities,
necessary cognitive skills, why these are difficult to perform, what the common errors are and finally
what cues and strategies are used by the claim handler.
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Step Difficult Cognitive activity Cognitive skills Why difficult? Common errors Cues and strategies used

Perception: percept the facts in the 

information

Recognition: recognize the facts contained 

in the information

Reasoning: reason which facts are 

relevant for the judgement of the claim

Reasoning: reason which facts are 

valuable for the judgement of the claim

Judgement: determine which facts are 

relevant to come to a legit judgement of 

the claim

Judgement: determine which facts are 

valuable to come to a legit judgement of 

the claim

Indicate which facts relevant for 

the  line of reasoning are missing

Find the necessary extra facts

Reasoning: reason which of the 

characteristics of the claim are comparable 

to a existing case

Recognition: recognise that this claim has 

come up before

Meta-cognition - Reasoning: reason if the 

similar claim has been treated already → 

pattern recognition

Reasoning: reason which historic claim has 

comparable characteristics (= similar case) 

Recognition: recognise the line of 

reasoning of a claim

Determine that a case can be 

treated in the same way as a 

similar claim

Judgement: determine that standardisation 

is possible without loss of quality

Checking if the claims are indeed 

the same

Know that a claim can be treated 

in the same way as a similar claim

Learning: learn when a case can be 

treated in the same way as a similar claim

Checking if the current claim is 

indeed the same as a previous 

one

Misinterpretation of the facts.

Incorrect match to a previous 

claim.

Misjudgement of the equality of 

claims

Do to this, lot of experience is 

needed with the assessment of 

claims, since only then patterns 

could be noticed. One should be 

able to relate the words/concepts 

that are present in the information 

are similar to a previous claim.

To reason what relevant and 

valuable facts are missing, proper 

knowledge about medical 

concepts and claim assessment is 

needed

Words and terms present in the 

information.

Search through previous claims to 

find a similar one.

Word and terms present in the 

information.

Appeal to knowledge and 

experience on medical concepts 

and claim assessment.

Consideration of each fact. 

Looking out for 'key' facts; facts 

that often are important for the 

assessment of the claim. 

Words and terms present in the 

information, and reason which 

words and/or terms are likely to be 

relevant

The value of the facts are not 

assessed properly, leading to miss-

judgements.

The relevance of the facts are not 

assessed properly, leading to miss-

judgements. 

Wrong judgement, although based 

on the correct facts.

Reasoning and judging about the 

relevance and value of all facts in 

the claim information is difficult, 

mainly because these processes 

are performed very iteratively. The 

relevance and value of a fact can 

constantly change when a new 

fact is considered, resulting in a 

(mental) list of facts sorted on their 

relevance and value. 

Scanning through all information, 

paying attention to medical terms 

and words describing the context 

of the claim.

Not all facts are recognised in the 

first shot, which can have several 

reasons

Neglect relevant facts that should 

be included.

Include irrelevant facts that should 

not be included

To recognise the facts in the claim 

information, one needs a proper 

understanding of a wide variety of 

medical concepts, master the 

corresponding vocabulary 

(knowledge) and how such claim 

dossier is constructed (knowledge)

Reasoning: reason which facts are missing 

Indicate which facts are relevant 

for the line of reasoning

Indicate the facts within the 

information

Know that a similar claim already 

has been treated 

The judgement of a claim by 

establishing a line of reasoning 

(Meso)

The extraction and listing of 

relevant and valuable facts 

Figure 4.3: Excerpt of the Cognitive Demand Table from the Cognitive Task Analysis performed in case study 1
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For the task Extract relevant and valuable facts, Figure 4.3 indicates that a difficult cognitive activity
is to report all facts in the information. This is due to the fact that a claim dossier often consists of
multiple documents, each with multiple pages, and these facts are ‘hidden’ in the information, spread
throughout the dossier. This difficult cognitive activity can be performed by the cognitive skills Per-
ception and Recognition; one should perceive (the facts in) the information and recognise the facts
contained in the information. A Cognitive Demand Table such as in Figure 4.3 thus provides informa-
tion which cognitive skills are executed in the task under review, indicated by the cognitive functions
listed.

In the case of the claim assessment process, different forms and degrees of expertise are noticed (see
Section 3.1). Both Claim handlers and SME’s are required to do training before starting their work,
and develop expertise handling claims and their assessment. However, the SME’s have a lot more in-
depth medical knowledge, whereas Claim handlers are experts themselves in assessing claims efficiently
and effectively. The detailed description of the illustrative case (based on case study 1) can be found
in Appendix B.

4.2.4 Intermediate conclusion
To summarise this section, Cognitive Task Analysis and Applied Cognitive Task Analysis can be
utilised to drill down the tasks in a business process to the cognitive activities expressed when these
tasks are executed. Thus, from a systems perspective, the cognitive activities that are executed to
perform the tasks in a business process, can be considered the lowest level of detail for describing the
cognitive properties of a business process.

Now the cognitive activities of tasks within a business process are identified and described, we are
looking for a way to formulate these cognitive activities more specific and formal, such that they can
be used more sophisticatedly in the matching process to the cognitive capabilities of AI software later
on in this research (see Chapter 6). Thus, the question that now raises is how could one formalise and
specify the cognitive activities as elicited in this section such that their level of granularity is lowered.

4.3 From Cognitive Activities to Cognitive Requirements
The previous section resulted in a (long) list of cognitive activities demanded for proper execution of
the tasks in a business process. In a later sub-design process of the conceptual design process, these
demanded cognitive activities should be matched to the capabilities that AI software can deliver. For
proper matching, these demanded cognitive activities and software capabilities should syntactically
and semantically be on the same level. One is therefore looking for a formal specification of these
cognitive activities, since their specificity will influence the likelihood of a complete and correct match
to one or more AI software capabilities.

4.3.1 Requirement Formulation
To overcome this hurdle, Requirement Engineering (RE) theory and its practical standard in ISO 15288
are considered valuable to use. Requirement Engineering is a systematic approach to come to system
requirements and software requirements. The latter is not in the scope of this research, since we are
exploring the conceptual design phase, not the systems development phase (see section Section 2.3).
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The system requirements consist of functional requirements that have to be met in order to complete
the task and process at hand (ISO/IEC/IEEE-42010, 2015).

Requirements are statements of what the system must do, how it must behave, the properties it
must exhibit, the qualities it must possess, and the constraints that the system and its development
must satisfy. The Institute of Electrical and Electronics Engineers (IEEE) defines a requirement as “a
condition or capability needed by a user to solve a problem or achieve an objective, a condition or ca-
pability that must be met or possessed by a system or system component to satisfy a contract, standard,
specification, or other formally imposed document” (Institute of Electrical and Electronics Engineers
(IEEE), 2011).

According to ISO 15288 standard of the field of Systems Engineering, the process of Requirement En-
gineering consists of 5 process steps: a Stakeholder Requirement Definition Process (1), a Requirement
Analysis Process (2), an Architectural Design Process (3), a Verification Process (4) and a Validation
Process (5).

The purpose of the Requirements Analysis Process is to transform the stakeholder, requirement-
driven view of desired services into a technical view of a required product that could deliver those
services. This process builds a representation of a future system that will meet stakeholder require-
ments and that, as far as constraints permit, does not imply any specific implementation. It results in
measurable system requirements that specify, from the supplier’s perspective, what characteristics it
is to possess and with what magnitude in order to satisfy stakeholder requirements.

Characteristics of good requirements according to the (Institute of Electrical and Electronics Engineers
(IEEE), 1998) are:

1. Unitary (Cohesive) The requirement addresses one and only one thing.
2. Complete The requirement is fully stated in one place with no missing information.
3. Consistent The requirement does not contradict any other requirements and is fully consistent

with all authoritative external documentation.
4. Non-Conjugated (Atomic) The requirement is atomic, i.e., it does not contain conjunctions.

E.g., ‘The postal code field must validate American and Canadian postal codes’ should be written
as two separate requirements: (1) ‘The postal code field must validate American postal codes’
and (2) ‘The postal code field must validate Canadian postal codes’.

5. Traceable The requirement meets all or part of a business need as stated by stakeholders and
authoritatively documented.

6. Current The requirement has not been made obsolete by the passage of time.
7. Unambiguous The requirement is concisely stated without recourse to technical jargon, acronyms

(unless defined elsewhere in the Requirements document), or other esoteric verbiage. It expresses
objective facts, not subjective opinions. It is subject to one and only one interpretation. Vague
subjects, adjectives, prepositions, verbs and subjective phrases are avoided. Negative statements
and compound statements are avoided.

8. Specify Importance Many requirements represent a stakeholder-defined characteristic the ab-
sence of which will result in a major or even fatal deficiency. Others represent features that may
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be implemented if time and budget permits. The requirement must specify a level of importance.
9. Verifiable The implementation of the requirement can be determined through basic possible

methods: inspection, demonstration, test (instrumented) or analysis (to include validated mod-
elling & simulation).

4.3.2 Application to this Research
Specifically, the Requirement Analysis Process of RE is found useful to formulate the cognitive activities
identified above into the cognitive requirements we are looking for, since that activity in Requirement
Engineering deals with the formulation of requirements. More specifically, the these requirements can
be seen as a refinement of the cognition skills, contextualised to the corresponding task and difficult
cognitive activity. Notice that the elicitation of the requirements is already taken into account in the
previous section by eliciting the cognitive activities of tasks in a business process.

The syntax and guidelines provided by the ISO 15288 is used here. Figure 4.4 shows the general
syntax formats of a syntactically sound requirement. These formats will be used for the formulation
of requirements, is illustrated by means of the case study previously used.

 

[Condition] [Subject] [Action] [Object] [Constraint] 
EXAMPLE: When signal x is received [Condition], the system [Subject] shall set [Action] the signal x 
received bit [Object] within 2 seconds [Constraint]. 

Or 
[Condition] [Action or Constraint] [Value] 

EXAMPLE: At sea state 1 [Condition], the Radar System shall detect targets at ranges out to [Action or 
Constraint] 100 nautical miles [Value]. 

Or 
[Subject] [Action] [Value] 

EXAMPLE: The Invoice System [Subject], shall display pending customer invoices [Action] in ascending 
order [Value] in which invoices are to be paid. 

Figure 4.4: Types of syntax of requirements, adopted from Institute of Electrical and Electronics
Engineers (IEEE) (2011)

4.3.3 Example by Means of Illustrative Case
For each cognitive skill identified and presented in the Cognitive Demand Table as drafted in Sec-
tion 4.2, a corresponding requirement is formulated according to (one of) the syntax formats of Fig-
ure 4.4. These Cognitive Requirements are displayed in Figure 4.5.
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Step Difficult Cognitive activity Cognitive skills Cognitive Requirement Syntax used

Perception: percept the facts in the information
When the claim information is received, all claim related facts in the 

claim information shall be identified

[Condition] [Subject] [Action] 

[Object] 

Recognition: recognize the facts contained in 

the information

When the claim information is received,  all claim related facts in the 

claim information shall be categorised

[Condition] [Subject] [Action] 

[Object] 

Reasoning: reason which facts are relevant for 

the judgement of the claim

When the facts in the claim information are categorised, the relevance 

of every fact individual to the assessment of the claim shall be noted

[Condition] [Subject] [Action] 

[Object] 

Reasoning: reason which facts are valuable for 

the judgement of the claim

When the claim information has been annotated, the cognitive system 

shall state the value of every fact individual to the assessment of the 

claim

[Condition] [Subject] [Action] 

[Object]

Judgement: determine which facts are relevant 

to come to a legit judgement of the claim

When the facts in the claim information are annotated, the relevance of 

each fact shall be noted if it is high enough for a legitimate 

assessment, in descending order

[Condition] [Subject] [Action] 

[Object] [Constraint]

Judgement: determine which facts are valuable 

to come to a legit judgement of the claim

When the facts in the claim information are annotated, the value of 

each fact shall be noted if it is high enough for a legitimate 

assessment, in descending order

[Condition] [Subject] [Action] 

[Object] [Constraint]

Indicate which facts relevant for 

the  line of reasoning are missing

Find the necessary extra facts

Reasoning: reason which of the characteristics 

of the claim are comparable to a existing case

When the facts are extracted from the claim information, the facts of 

the claim that appear in previous assessed claims shall be noted

[Condition] [Subject] [Action] 

[Object] 

Recognition: recognise that this claim has come 

up before

When the facts are extracted from the claim information, the previous 

assessed claim(s) which are similar to this claim shall be noted

[Condition] [Subject] [Action] 

[Object]

Meta-cognition - Reasoning: reason if the similar 

claim has been treated already → pattern 

recognition

A claim that is already assess before shall be presented if it comprises 

similar characteristics
[Subject] [Action] [Value]

Reasoning: reason which historic claim has 

comparable characteristics (= similar case) 

When the facts in the claim information are related to previous claims, 

which previous claims have the same properties as the current claim 

shall be determined

[Condition] [Subject] [Action] 

[Object]

Recognition: recognise the line of reasoning of a 

claim

When the facts in the claim information are annoteted, which 

previously assessed claims have a similar line of argumentation shall 

be indicated

[Condition] [Subject] [Action] 

[Object] 

Determine that a case can be 

treated in the same way as a 

similar claim

Judgement: determine that standardisation is 

possible without loss of quality

When this is possible, a standardised protocol to assess future claims, 

maintaining assessment quality levels shall be suggested

[Condition] [Subject] [Action] 

[Object] 

Know that a claim can be treated in 

the same way as a similar claim

Learning: learn when a case can be treated in 

the same way as a similar claim

When this is possible, the current claim shall be assessed using the 

line of argumentation of a previous claim
[Subject] [Action] [Value]

When the facts in the claim information are annotated, the relevant 

facts that are not present in the claim information shall be suggested, 

considering the claim assessment 

[Condition] [Subject] [Action] 

[Object] 

The judgement of a claim by 

establishing a line of reasoning 

(Meso)

Know that a similar claim already 

has been treated 

Extract and list relevant and 

valuable facts

Indicate the facts within the 

information

Indicate which facts are relevant 

for the line of reasoning

Reasoning: reason which facts are missing 

Figure 4.5: Formulation of Cognitive Requirements for the cognitive activities found in Section 4.2
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Every requirement is constructed using the general notion of the cognitive skill, the cognitive activity
it is expressed in and the step of the task. The cognitive requirement is a refinement of the cognitive
skill, contextualised in its corresponding cognitive activity and step.

For example, the step Extract and list relevant and valuable facts, the cognitive activity Report the
facts in the information and the cognitive skill Perception: perception of the facts in the information
result in the cognitive requirement When the claim information is received, all claim related facts in
the claim information shall be identified. For constructing this requirement, one should formulate the
cognitive skill as it is expressed in the cognitive activity and corresponding step. This contextualises
the cognitive requirement. Furthermore, one should phrase the cognitive requirement as a condition
that something or someone can fulfil by providing the right functionality. This makes the requirement
sound like an obligation that is achieved or not.

4.3.4 Intermediate Conclusion
Briefly summarising, this section provided the means to refine and formulate the cognitive activities
from the Cognitive Task Analysis into cognitive requirements. This process is from here referred to as
the design step E. Cognitive activities to Cognitive requirements. These cognitive requirements denote
the cognitive skills in a particular activity that are needed for proper execution of the task. This is
done in such a way that they are ready to be matched with the capabilities of AI software.

4.4 Stage 1 of Conceptual Design Process
Concluding, the steps described in this section can be merged in the first part of the design process,
addressing the cognitive requirements of a business process. Figure 4.6 present the five design steps
of the CRDP. This chapter described the part of the design process that is related to the first and
second step in the conceptual design phase of Dym and Little (2010), and entailed the extraction of
functions (cognitive activities that have to be performed for executing a task) and specification of the
cognitive requirements of the tasks present in a business process. Hence, it delivers the CRDP of the
conceptual design process as envisioned in this Chapter 1 and 2. This chapter concludes by providing
a description of the CRDP and assess it on the criteria stated in Chapter 2.

4.4.1 Description of the Cognitive Requirements Design Process
The first design step of the CRDP comprises the decomposition of a business process to its tasks
and roles (in Figure 4.6 as A). This step involves the use of Business Process Modelling and the
formulation of stakeholder requirements, as elaborated in Section 4.1. After a qualitative assessment
of the identified tasks, the tasks that seem to be essential for the business process and are driven by
cognition are selected for further examination in the conceptual design process. In the second design
step of the CRDP, preliminary domain knowledge used in the selected tasks is collected (B). This
step involves the identification of experts, the analysis of documents and conduction of interviews, all
relevant to the tasks under review. The next design step of the CRDP comprises the identification of
knowledge representations (C). This step involves the decomposition to sub-tasks and identification of
all relevant knowledge and information that is needed for the execution of the task. This information is
a prelude to the fourth design step in the CRDP, which comprises the extraction of cognitive activities
from the tasks under review (D). This step involves the three subsequent interviews described by the
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E. Cognitive activities to 
Cognitive requirements

Utilise the Requirements Analysis 
Process of Requirement Engineering 
to refine the cognitive demands of the 
tasks and formulate them as 
requirements one by one:
 Select an appropriate requirement 
syntax considering the level of depth 
available in the CDT
 Refine and formulate a cognitive 
requirement for every cognitive skill 
in the CDT

D. Task to Cognitive 
activities

1. Apply the Applied Cognitive Tasks 
Analysis (ACTA) to elucidate required 
knowledge for executing the tasks:
 Construct a Task Diagram to elicit 
the cognitive steps of each sub-task
 Execute a Knowledge Audit to 
identify the most important cognitive 
elements of the task
 Conduct a Simulation Interview to 
understand the cognitive processes.

2. Analyse and verify data acquired
3. Format results in a Cognitive 
Demands Table (CDT)

A. Business Process to Tasks

1. Create an overview of the business 
process under review:
 Decompose the process in sub-
processes and tasks and construct a 
process model (BPMN)
 Identify roles and stakeholders

2. Formulate the requirements of 
stakeholders fulfilling a role in the 
business process:
 Elicit stakeholder requirements
 Define stakeholder requirement
 Analyse and maintain stakeholder 
requirements throughout the design 
process

C. Knowledge representa-
tions identification

For each task, identify the sub-tasks 
and types of knowledge required to 
perform it:
 Identify sub-tasks of each task
 Construct flow charts to capture 
procedural knowledge
 Construct a concept map to 
capture declarative knowledge
 Execute a Learning hierarchy 
analysis

B. Preliminary knowledge 
collection

For the business process under 
review, collect preliminary domain 
knowledge:
 Identify experts to participate in 
the knowledge elicitation process.
 Execute Document Analysis
 Observe the process while being 
executed
 Conduct Unstructured interviews

Section 4.1 Section 4.2 Section 4.3

Figure 4.6: Schematic representation of the design process to formulate cognitive requirements, using the concepts from Chapter 4
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Applied Cognitive Task Analysis, presenting its results in a Cognitive Demands Table. Design process
steps B, C and D are elaborated in Section 4.2 of this chapter. Finally, the cognitive activities identified
in D are refined and reformulated to cognitive requirements in the fifth and last design step of the
CRDP (E). This design step entails the use of the rules for the formulation of system requirements
from Requirement Engineering, which is elaborated in Section 4.3.

4.4.2 Assessment of the Cognitive Requirements Design Process
To assess the suitability of the CRDP constructed and described in this chapter, the criteria stated in
Section 2.2 are elaborated below regarding the CRDP.

Universally applicable Both Business Process Modelling and Cognitive Task Analysis as concepts
used in he CRDP (step A respectively D) have the characteristic to be object independent. That
is, they can both be used to analyse respectively all business processes and all tasks. Requirement
Engineering (step E), the third concept used in the CRDP, is a general design concept that can
be used in every design exercise, domain or object independent. Hence, the CRDP is considered
to be universally applicable to business processes.

Methodical in essence The CRDP entails a number of steps to be followed by the designer. They
are constructed such that they together form a systematic, methodical procedure to formulate
cognitive requirements of the business process under review. These steps are ought to be for-
mulated in such a way that it is understandable, providing a clear procedure for the designer
to follow. This is the very reason why in the CRDP is chosen for the Applied Cognitive Task
Analysis-method (as argued before in Section 4.2).
However, the CRDP produces to some extent different outcomes, i.e. designs, when executed by
different people. That is, the resulting design will change if the CRDP is not executed by the
same person. One can expect changes in the part of the CRDP where the Cognitive Task Anal-
ysis is performed (step D), since this concept has a relatively strong personal bias. It depends
on the questions the designer asks, the perspective that the designer has towards the tasks and
cognitive activities, the persons to be interviewed, et cetera, that influence the outcome of the
ACTA. Efforts to reduce this variability in the design caused by the personal bias of the ACTA
are therefore advisable, such as conducting the ACTA with more than one designer. Formulating
the cognitive requirements has less possible bias when executed by different people, due to the
syntax that is provided with the method itself (step E). However, still some variability can be
present in the quality of the formulated requirements, which is for a part due to the knowledge
level of AI technology. Designers with more AI knowledge can formulate the requirements in
such a way that they match the cognitive capabilities later on in the design exercise more easily
than designers with less knowledge about AI. The variation that here can occur is thus in essence
more about fitness of the cognitive requirements to future cognitive capabilities, and not experi-
enced until the matching sub-design process of the CDP (see Chapter 6). The Business Process
Modelling is, in contrast to the other two concepts used in the CRDP, considered to deliver
relative similar results when conducted by different persons. This is because of its formalised
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language and due to the fact that its outcomes are used in the CRDP not in a very detailed way,
in contrast to the ACTA and RE.

Flexible but robust In reality, experienced in the case study used to construct the CRDP, a business
process does not always operate in the way it is thought of. The CRDP accounts for this variation
on the work flow, since the ACTA provides room to manoeuvre to extract the cognitive activities
from a business process (step D), if the outcomes of the Business Process Modelling exercise
would be of less quality (step A). This is due to the designer’s gut feeling to indicate what is
most important.
On the other hand, all steps (A to E) can still be executed when disruptions in the design
process occur, and not jam. One can think of that a member of the design team can be replaced
by someone else, without damaging the design process or design. Knowledge gained can be
passed on due to the fact that the steps produce proper documentation (written text, figures and
schematics, tables, et cetera). The CRDP is therefore considered to be robust to external effects.

Context-aware In general, executing projects within organisations that demand change and affect
people have to deal with resistance towards this change (de Bruijn and Heuvelhof, 2012). Fur-
thermore, as mentioned in Chapter 1, people are hesitant about the rapid development of AI
technology. A CDP that is accommodated to these phenomena is considered to be less affected
by their negative effects. For example, if people are resisting themselves to the project automat-
ing parts of their work flow by implementing AI, they will not contribute to the design process
in a productive way. This can lead to designs of. Thus, regarding the context-awareness of the
CDP, the CRDP is ought to be constructed such that it accommodated to this context. The
design steps A, B, C and D of the CRDP is the part that satisfies to this criteria, since these
steps actively pursue collaboration with stakeholders in the business process and let them be
part of the design process. For example, in step A, the designer interviews stakeholders to elicit
their ‘stakeholder requirements’, where in step D the ACTA is grafted on extracting the cognitive
activities executed in the tasks in the process thought the people that actually perform them,
interviewing them personally. Instead, the CRDP could have also consists of methods that are
less stakeholder-oriented. Hence, the CRDP is considered to be context-aware in a process man-
agement or expectation management way.
Next to this, the availability of data is in executing the CRDP is considered as an important
issue in the case study. Namely, the CRDP is part of the CDP that provides the first pointers
how the eventual design is going to look like. Thereby, it is thus also indicates what data can be
used in this (conceptual) design. Especially the fact if relevant data is available in the business
process or organisation is important, and to what extent it is complete. If this data is not present
and/or incomplete to large extent, the designer(s) are ought to be hindered in the the design
process in moving towards that particular design. Thus, data – and especially data availability
– are in the case study performed here considered as a constraint in the CRDP.

This chapter provides an answer to the second research issue (RI2) raised Chapter 1 in Figure 1.4:
Establish requirements to enhance the cognition of business processes. The Cognitive Requirement
Design Process (CRDP) created is thereby the first component of the conceptual design process as
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envisioned in Section 2.2. It provides a way to formulate cognitive requirements from a given business
process. As described above, the CRDP thereby recognises the values (specified in criteria) elaborated
in Section 2.2 to a certain extent. To what extent precisely is not researched here, and therefore subject
for further research (see Chapter 8).
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5 | Cognitive Capabilities of Artificial In-
telligence Software

This chapter presents the research that is conducted on the third research issue (RI3) raised Chapter 1
in Figure 1.4: Establish the functions to enhance the cognition of business processes. That is, it describes
how the cognitive capabilities (CC) of AI software can be formulated. Thereby, it creates the second
part of the conceptual design process, the Cognitive Capabilities Design Process (CCDP) (see
Section 2.2). This chapter shows a way to elicit the cognitive capabilities of AI software, by sequentially
describing how to elicit these cognitive capabilities, illustrating the procedure by applying it to the
case study introduced in Section 3.1.

Firstly, Section 5.1 posts some general notions on these Cognitive Capabilities of software, and
especially on the role of AI software in this story. Next, Section 5.2 elaborates on how these Cognitive
Capabilities can be extracted and formulated from AI software and illustrates this by means of the case
study. This chapter then presents and describes the second part of the conceptual design process in
Section 5.3. This last section furthermore assesses and discusses the constructed CCDP on the criteria
stated in Chapter 2, which thereby concludes this fifth chapter.

5.1 Extracting Cognitive Capabilities of AI software
The conceptual design process that is drafted in this research is meant for the design of computerised
software systems. As argued in Chapter 2 and Chapter 3, this research takes a more human-centric
perspective on the design of ‘intelligent’ computer systems by embracing the cognitive systems theory.
Therefore, when talking about this software, it does not consider the capabilities of software systems
right away, since the human cognitive capabilities are taken into account also. This research focuses
on the enhancement of human cognition by automation, delivered by computer systems. The question
that rises is what software can deliver to this enhancement.

Currently, AI software has gained great attention by the media and business and is developing rapidly.
Artificial Intelligence is considered to be the field of study that today delivers the most sophisticated
intelligent systems. Therefore, AI software holds strong ties to this research. AI software rises from
a (purely) machine-intelligence perspective. Hence, AI software does not fully match with the per-
spective taken by this research. However, this research recognises that AI software comes closest to
the suppositions regarding the design of cognitive software systems. This is mainly because no other
clear field of study developing intelligent software is currently present, i.e. insisting its applicability to
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research and practice.

This chapter tries to bridge the gap between the cognitive requirements of business processes and what
is currently possible designing and developing automated cognition, in the existence of AI software.
This type of software is able to power automation, which is recognised and appreciated by this research.
On the other hand, the software is not able to deliver high-level cognitive functionalities, as referred
to in Chapter 2. It mainly focuses on algorithmic problems.

This is considered as a big limitation to the design of cognitive enhanced business processes as
studied here. However, in the light of this research, it is not perceived as a problem, since its structured
approach provides the possibility to pin point these mismatches between the cognitive requirements
of business processes and the cognitive capabilities of AI software. It is thus possible that certain
cognitive requirements cannot be met by the cognitive capabilities delivered by AI software today.
Although, if technology develops over time, the conceptual design process will be able to deal with this
change. That is, it can still be used unconcerned about such possible changes in technology, since the
process is not adjusted to a level of technology, i.e. the process is technology independent.

Above is explained why AI software is of interest for this research. In the remaining of this chapter,
the process of extracting and formulating the cognitive capabilities of AI software are examined and
elaborated.

5.2 Analysis of IBM Watson
To extract the capabilities of software to achieve a particular goal, one first needs to select the software
that will be focused on. Such a software package often consists of multiple services, which on their
turn deliver multiple functionalities. Each of these functionalities can be employed to contribute to
achieve a particular (business) objective. A description of services and the functionalities is therefore
desirable. The first step of the CCDP thus entails the selection of software, and the identification and
description of its services. From here, this design step is referred to as A. Selection of AI software.

When talking about AI software, these functionalities are considered to result in intelligent be-
haviour of the software system. However, this research aims to leverage the functionalities of AI
software to support, i.e. enhance the cognitive capabilities of a human being, thereby relying on the
(composition) of a cognitive system. Hence, the cognitive capabilities of AI software can be identified
according to the cognitive systems functions as described in Chapter 3. That is, the functionalities
of an AI software package can be translated into cognitive capabilities by typifying each functionality
according to the cognitive functions of a cognitive system.

From the process of designing these cognitive capabilities of AI software, the research found that by
first determining a specific related field of study of each functionality of the software, the translation
into cognitive capabilities is more easy and also more logical. Furthermore, to make sure the cognitive
capabilities can be properly matched against the cognitive requirements extracted in Chapter 4, it
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Entity Extraction The identification and classification of entities within a text. Exam-
ples of entities are people, places and companies: US President Barack Obama[person],
Google[company], The Netherlands[country].

Keyword Extraction The extraction of topic keywords within a text. Examples of keywords
are US President Barack Obama, Google, The Netherlands.

Concept Tagging The classification of concepts / topics relating to the overall text, which do
not necessarily have to be mentioned. An example is a text mentioning BMW and Audi is
about ‘the automotive industry’.

Taxonomy Classification The identification of one or more taxonomic categories related to
the overall text. An example here is ‘automotive/brands/german/...’.

Relationship Extraction The identification of Subject-Action-Object relations within a text.
An example of relationship extraction is ‘Lars[subject] is a student[action] of Delft Univer-
sity[object] ’.

Speech to Text The recognition and conversion of spoken language into text.
Visual Recognition The identification of objects in a visual image.
Trade-off Analytics The ability to visually balance multiple objectives such that it can sup-

port decision making.
Knowledge Studio The ability to train a machine learning model, such that it can be used in

a particular setting.

Figure 5.1: Selection of IBM Watson’s services and a description of their functionality

is desirable to formulate the cognitive capabilities similarly to these cognitive requirements. Conse-
quently, Requirement Engineering seems again valuable in this design exercise.

In the claim-assessment process case, the goal is to develop a software system that is able to support or
enhance the cognitive functions performed to execute the task in the process. In this case study, the AI
software IBM Watson is selected to deliver these capabilities and is therefore examined in this section.
Besides that this software package is actually used in a development project at a health insurance
company, IBM’s software Watson is considered to be the leading AI business software service at this
moment (Hof, 2016). Therefore, executing this design exercise with IBM Watson as subject is a logical
choice.

First, the software is decomposed in the different modules or software services it consists of.
IBM Watson provides twenty unique services companies can utilise. These services are divided in five
categories: Language, Speech, Vision, Data Insights and Knowledge Studio. Each service is briefly
described in Appendix C. Figure 5.1 presents a list of a couple of these services and a description of
their functionality.

The functionalities as illustrated above can be categorised into distinct sub-fields of study within the
Artificial Intelligence field of study. The following list in Figure 5.2 expands the list above, by indicat-
ing these categories. This is the second step of the CCDP, further referred to as B. Identification of
Methods and Techniques.
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Functions 

(according to IBM) Example Formal concept(s) ..is a sub-field of.. ..is a sub-field of.. ..is a sub-field of.. Underlying techniques

Language

Entity Extraction Identifying people, companies, cities, 

geographic features and other typed 

entities from your HTML, text or web-

based content

Lars Reeker = Person Entity linking Information Retrieval Information Extraction Natural Language Processing Classification, Conditional 

random fields (CRFs), Rigid 

designator

Keyword Extraction Extracting keywords from text that can 

be used to index content, generate tag 

clouds, and more

Lars, student, Delft, University of 

Technology

Keyword Extraction Information Retrieval Information Extraction Natural Language Processing Count

Concept Tagging Abstraction, understanding how 

concepts relate and tagging 

accordingly

Education, Technology, 

Profession

Latent-semantic indexing Information Retrieval Information Extraction Natural Language Processing Latent-semantic indexing 

(SA), singular value 

decomposition (SVD), 

Clustering

Taxonomy Classification Assigning the most likely topic 

category (baseball, mobile phones, 

etc.) to a text

this article corresponses to the 

taxonomy 

education /academic/university

Classification Multivariate statistics - Natural Language Processing Classification

Relationship Extraction Linguistic analysis of input text Lars [is a] student of Delft 

University of Technology

Relationship extraction Information Retrieval Information Extraction Natural Language Processing Classification

Speech

Speech to Text Convert speech in multiple languages 

into text

Lars is a student (speech) to Lars 

is a student (text)

Machine translation Computational linguistics - Natural Language Processing Multiple approaches: rule-

based, statistical, etc.

Vision

Visual Recognition Provides scores for relevant classifiers 

representing things such as objects, 

events and settings of an image

A picture of a tiger with 99% 

confidence

Image processing

Pattern recognition

Statistical Inference

Signal processing - - Wide variaty of techniques: 

Statistical signal processing, 

Functional Analysis, etc.

Data Insights

Tradeoff Analytics Helps people make decisions when 

balancing multiple objectives

Visual tradeoff support tool, multi-

critera, filtering and selection

Visual analytics Information visualisation - - Multiple: Argument map, 

software visualisation

Watson Knowledge Studio Supervised learning environment [Lars 

Reeker]person_1/student_at_uni

_1  studies at [TU 

[Delft]loc /uni_1 . [He]person_1  is 

working on its graduation thesis.

Entity linking

Keyword extraction

Relationship extraction

Information Retrieval Information Extraction Natural Language Processing Machine learning

AI commercial software 

(IBM Watson)

Figure 5.2: IBM Watson’s services, annotated with their related field of study
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With these categories and the description of their meaning, the services within IBM Watson can be
scrutinised to ascertain the set of ‘cognitive’ functionalities they can provide when leveraged properly
when applied. Utilising the cognitive processes that can be performed by a cognitive system as pre-
sented in Chapter 3, these ‘cognitive’ functionalities of IBM Watson can be tagged to indicate their
potential support to cognition within a business process. Recall the schematic visualisation of a cog-
nitive system form Chapter 3 and presented again in Figure 5.3 for convenience. This figure indicates
the different cognitive function of a cognitive system.

Figure 5.3: Schematic illustration of a System embodied in its Environment, denoting the Cogni-
tive and Physical aspects of control of these two concepts – from Heylighen and Joslyn (2001)

With the knowledge from Chapter 3 about cognitive systems and the cognitive processes such
a system can express, the list in Figure 5.2 can be expended by adding the corresponding cognitive
processes from Figure 5.3 to each of the functionalities identified. The result of this exercise is presented
in Figure 5.4. This is the third step of the CCDP, further referred to as C. Establish Cognitive
Functionalities of Services.

To illustrate this process, the service Entity Extraction is used as an example. This service com-
prises the classification of all entities which are mentioned in the text. It identifies and classifies these
entities, and finally extracts them. Thus, this service can be used to identify the entities that are in
the text in an automated way. Thereby it serves as a step to get insight what the text is about, for
example which persons or organisations play a role in the text. This information can thereby be used
to analyse the text even further. Relating this functionality to the cognitive functions identified in
Chapter 3, this services can be categorised as Perception. To perform this identification process, the
system has to have a knowledge base which consists of entities and their corresponding entity type,
for example IBM: Company. Since the service needs a knowledge base to perform its functionality,
this services can be categorised as Knowledge as well. It thus recognises entities in the text using its
knowledge base and scanning through the text at hand.
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(according to IBM) Example Formal concept(s) ..is a sub-field of.. Underlying techniques Cognitive functionality

Language

Entity Extraction Identifying people, companies, cities, 

geographic features and other typed 

entities from your HTML, text or web-

based content

Lars Reeker = Person Entity linking Information Retrieval Classification, Conditional 

random fields (CRFs), Rigid 

designator

Perception, Recognition, Knowledge

Keyword Extraction Extracting keywords from text that can 

be used to index content, generate tag 

clouds, and more

Lars, student, Delft, University of 

Technology

Keyword Extraction Information Retrieval Count Perception

Concept Tagging Abstraction, understanding how 

concepts relate and tagging 

accordingly

Education, Technology, 

Profession

Latent-semantic indexing Information Retrieval Latent-semantic indexing 

(SA), singular value 

decomposition (SVD), 

Clustering

Recognition, Knowledge, 

Comprehension

Taxonomy Classification Assigning the most likely topic 

category (baseball, mobile phones, 

etc.) to a text

this article corresponses to the 

taxonomy 

education /academic/university

Classification Multivariate statistics Classification Reasoning, Knowledge

Relationship Extraction Linguistic analysis of input text Lars [is a] student of Delft 

University of Technology

Relationship extraction Information Retrieval Classification Recognition, Comprehension

Speech

Speech to Text Convert speech in multiple languages 

into text

Lars is a student (speech) to Lars 

is a student (text)

Machine translation Computational linguistics Multiple approaches: rule-

based, statistical, etc.

Language, knowledge

Vision

Visual Recognition Provides scores for relevant classifiers 

representing things such as objects, 

events and settings of an image

A picture of a tiger with 99% 

confidence

Image processing

Pattern recognition

Statistical Inference

Signal processing Wide variaty of techniques: 

Statistical signal processing, 

Functional Analysis, etc.

Perception, Recognition

Data Insights

Tradeoff Analytics Helps people make decisions when 

balancing multiple objectives

Visual tradeoff support tool, multi-

critera, filtering and selection

Visual analytics Information visualisation Multiple: Argument map, 

software visualisation

Goal generation, Judgement 

Watson Knowledge Studio Supervised learning environment [Lars 

Reeker]person_1/student_at_uni

_1  studies at [TU 

[Delft]loc /uni_1 . [He]person_1  is 

working on its graduation thesis.

Entity linking

Keyword extraction

Relationship extraction

Information Retrieval Machine learning Learning

AI commercial software 

(IBM Watson)

Figure 5.4: IBM Watson’s services, annotated with related cognitive functions from cognitive systems theory
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Figure 5.4 provides an overview of the services from IBM Watson and the corresponding cognitive
functionalities. That remains this sub-design process with the step to reformulate these cognitive
functionalities into cognitive capabilities. This is done based on the same principles as the cognitive
activities of a business process are reformulated into cognitive requirements, argued and illustrated in
Chapter 2. The same syntax is used here, therefore recall Figure 4.4 which is adopted form Institute of
Electrical and Electronics Engineers (IEEE) (2011). In contrast to Chapter 4, the subject is here the
selected AI software package. The result of the reformulation of cognitive functionalities into cognitive
capabilities is illustrated in Figure 5.5. Thus, the last step of this design exercise to identify and
formulate the cognitive capabilities of IBM Watson software is hereby executed, referred to as the
design step D. Cognitive Functionalities to Cognitive Capabilities.

To illustrate this process, again the service Entity Extraction is used as an example. As mentioned
before, this service entails the identification and classification of entities in a textual document. Its
functionalities are categorised with the cognitive functions Perception and Knowledge. Formulating
the cognitive capability per service is done by taking into account both cognitive functions. Together
with its brief description, these cognitive functions are formalised in such a way that a system that uses
this service, is able to perform its functionality. In this example, the system will have the functionality
to perceive and recognise the entities in a textual document, using a knowledge base or dictionary to
denote the known entities. Formulating this functionality in one sentence delivers its cognitive capa-
bility, which is worded as ‘The system can denote (all) entities within a textual document ’.
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(according to IBM) Example Formal concept(s) Underlying techniques Cognitive functionality

Cognitive capability 

(The system…)

Language

Entity Extraction Identifying people, companies, cities, 

geographic features and other typed 

entities from your HTML, text or web-

based content

Lars Reeker = Person Entity linking Classification, Conditional 

random fields (CRFs), Rigid 

designator

Perception, Recognition, Knowledge ...can denote (all) entities within a 

textual document

Keyword Extraction Extracting keywords from text that 

can be used to index content, 

generate tag clouds, and more

Lars, student, Delft, University of 

Technology

Keyword Extraction Count Perception ...can identify all keywords within a 

textual document

Concept Tagging Abstraction, understanding how 

concepts relate and tagging 

accordingly

Education, Technology, 

Profession

Latent-semantic indexing Latent-semantic indexing 

(SA), singular value 

decomposition (SVD), 

Clustering

Recognition, Knowledge, 

Comprehension

...can denote relevant concepts from a 

textual document

Taxonomy Classification Assigning the most likely topic 

category (baseball, mobile phones, 

etc.) to a text

this article corresponses to the 

taxonomy 

education /academic/university

Classification Classification Reasoning, Knowledge ...can denote the taxonomy classes a 

textual document corresponds to 

Relationship Extraction Linguistic analysis of input text Lars [is a] student of Delft 

University of Technology

Relationship extraction Classification Recognition, Comprehension ...can recognise relationships between 

enitities mentioned in a textual 

document

Speech

Speech to Text Convert speech in multiple languages 

into text

Lars is a student (speech) to 

Lars is a student (text)

Machine translation Multiple approaches: rule-

based, statistical, etc.

Language, knowledge ...can translate a textual document into 

another language

Vision

Visual Recognition Provides scores for relevant 

classifiers representing things such as 

objects, events and settings of an 

image

A picture of a tiger with 99% 

confidence

Image processing

Pattern recognition

Statistical Inference

Wide variaty of techniques: 

Statistical signal processing, 

Functional Analysis, etc.

Perception, Recognition ...can recognise objects in a static 

image 

Data Insights

Tradeoff Analytics Helps people make decisions when 

balancing multiple objectives

Visual tradeoff support tool, multi-

critera, filtering and selection

Visual analytics Multiple: Argument map, 

software visualisation

Goal generation, Judgement ...can support decision making through 

visual mathematical representation 

decision criteria 

Watson Knowledge Studio Supervised learning environment [Lars 

Reeker]person_1/student_at_uni

_1  studies at [TU 

[Delft]loc /uni_1 . [He]person_1  is 

working on its graduation thesis.

Entity linking

Keyword extraction

Relationship extraction

Machine learning Learning ...can learn from previous textual 

documents to improve its linguistic 

functionalities

AI commercial software 

(IBM Watson)

Figure 5.5: IBM Watson’s services and their corresponding cognitive capabilities
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5.3 Stage 2 of Conceptual Design Process
Summarising the steps illustrated in the previous section, the second part of the envisioned conceptual
design process can be drafted. This part is visualised in Figure 5.6 and thus entails the identification
and specification of the cognitive capabilities of selected AI software, referred to as the CCDP sub-
design process. This chapter concludes by providing a description of the CCDP and assess it on the
criteria stated in Chapter 2.

5.3.1 Description of the Cognitive Capabilities Design Process
The first design step of the CCDP comprises the selection of AI software package for further study,
and its decomposition to all services it offers to the user, i.e. developer of the AI driven system (A in
Figure 5.6). For every service in the software package, the methods and techniques are identified in the
second step (B). This is done to get an idea how the service actually works and to which field of study
its part of. That provides the designer with information what functionality the service can deliver when
implemented. This knowledge is needed in the third design step of the CCDP (C), which comprises
the formulation of the cognitive functionality of the service. This is done based on the principles of
cognitive systems theory elaborated in Chapter 3. The last step of this sub-design process entails the
refinement and formulation of these cognitive functionalities to cognitive capabilities (D). This is done
via a design exercise itself, leveraging the rules for the formulation of requirements in Requirement
Engineering.

67



C
hapter

5.C
ognitive

C
apabilities

of
A
rtificialIntelligence

Softw
are

D. Cognitive Functionalities 
to Cognitive Capabilities

Utilise the Requirements Analysis 
Process of Requirement Engineering 
to refine the cognitive 
functionalities found in C of each 
service and formulate them as 
capabilities one by one: 
 Analyse the cognitive 
functionalities and formal concept 
of each service
 Formulate a cognitive capability 
for every cognitive functionality

A. Selection of AI Software

1. Through a business focussed 
assessment, select the AI software 
to consider in this stage.
2. For the selected AI software:
 Identify the distinct services of 
the software.
 Describe the distinct services of 
the software.

C. Establish Cognitive 
Functionalities of Services

Formulate the distinct 
functionalities that comprise some 
form and degree of cognition of the 
services identified under A using the 
information from B and cognitive 
systems theory:
 For every service, analyse the 
underlying techniques it utilises
 Categorise each service with at 
least one cognitive function

B. Identification of Methods 
and Techniques

1. For each software service 
identified under A:
 Identify the methods (formal 
concepts) it utilises
 Describe the application of these 
methods in the service

2. For each method utilised in the 
software services:
 Identify the techniques it utilises
 Describe the application of these 
techniques

Figure 5.6: Schematic representation of the design process to formulate cognitive capabilities, using the concepts from Chapter 5
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5.3.2 Assessment of the Cognitive Capabilities Design Process
To assess the suitability of the CCDP constructed and described in this chapter, the criteria stated in
Section 2.2 are elaborated below regarding the CCDP.

Universally applicable The CCDP extracts the cognitive capabilities of a given AI software package.
In the case study used in this research to construct the CCDP, IBM Watson is the software
considered to deliver AI technologies. In step A, the CCDP specifically focuses on selecting and
identifying AI software to be considered in the design process. In the subsequent steps, the CCDP
formulates cognitive capabilities of this chosen AI software packages by analysing the methods
and techniques it comprises, and thus independently of any other software. Hence, the CCDP is
considered to be universally applicable to AI software suites.

Methodical in essence The CCDP steps are formulated in such a way that a designer can produce
cognitive capabilities of an AI software suite in a systematic way: from the services of the
software, to methods used in the services to the techniques that power these methods, selecting
cognitive functions and formulate cognitive capabilities. Hence, the CCDP is considered to be
methodological in essence.
However, the CRDP produces to some extent different outcomes, i.e. designs, when executed by
different people. That is, the resulting design will change if the CCDP is not executed by the
same person. Step A en B are considered to result in similar outcomes, due to the factuality
of identifying and describing the software’s services, methods and techniques. Knowledge of AI
technology does play a role here, as it will decrease the time needed by the designer to go through
steps A and B. On the contrary, step C is more driven by the designer’s way of thinking and
perspective on cognition. Therefore, this step is considered to be affected by personal bias of the
designer. Formulating the cognitive capabilities in step D has less possible bias when executed by
different people, due to the syntax that is provided with the Requirement Engineering method
that is used here. However, still some variability can be present in the quality of the formulated
requirements, which is for a part due to the knowledge level of AI technology.

Flexible but robust The CCDP is the part of the CDP that elicits the cognitive capabilities of the
AI software selected. Due to the systematic procedure to formulate these cognitive capabilities,
the CCDP allows for changes in the software under review during the design process. Although
the steps in the CCDP are subsequent to each other, the designer can execute the CCDP in an
iterative way. Therefore, the CCDP is considered to be able to embrace the changes in a software
package and adjust its design to.
However, if the software suite will change in such a way that it is not functioning anymore, the
design process will jam. When this happens, the CCDP can be re-executed from start using a
different software package. The progress made using the old software suite can not be re-used.
The CCDP is not robust to such a disturbance.

Context-aware The CCDP is focused on the AI technology that is leveraged to enhance the cognition
of a business process under review. Thereby, the context of the CCDP can be seen as the people
that are related to this software and the resources the software uses to perform. As experienced
in the case study executed to create the CCDP described in this chapter, some people in the

69



Chapter 5. Cognitive Capabilities of Artificial Intelligence Software

organisation often have preliminary knowledge about a software suite already available before a
project is initiated to start leveraging AI technology in a business process. These people often
drive the initiation of the project in the organisation. As AI software companies have big promises
for organisation that use their software, it is important that organisations have a realistic view of
what software can do for them. The CCDP provides insights in the functionalities of the software
under review, by analysing the techniques underlying the services. These insights provide the
organisation knowledge what functionalities the current state-of-the-art can offer.
Next to this, the context in which the CCDP is executed, data is of importance. Where in the
first part of the CDP, the CRDP, data availability is considered to be a constraint for that design
process in the case study, the type of data is in the CCDP is considered to constrain the further
design process. This is because the type of data prevails the choice for particular AI techniques.
The CCDP allowed for the first ‘back-of-the-envelop’ analysis to indicate which AI technologies
in any case can be excluded from further analysis, since they cannot be used for the type of data
at hand. Thus, data – and especially the type of data – is in the case study performed here
considered as a constraint in the CCDP.

This chapter provides an answer to the third research issue (RI3) raised Chapter 1 in Figure 1.4:
Establish the functions to enhance the cognition of business processes. The Cognitive Capability Design
Process (CCDP) created is thereby the second component of the conceptual design process as envisioned
in Section 2.2. It provides a way to formulate cognitive capabilities from a given AI software suite. As
described above, the CRDP thereby recognises the values (specified in criteria) elaborated in Section 2.2
to a certain extent. To what extent precisely is not researched here, and therefore subject for further
research (see Chapter 8).
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6 | Generating Possibilities for Cognition
Enhancement

In the previous two chapters, 4 and 5, the processes of acquiring the cognitive requirements of business
processes and the cognitive capabilities of software are elaborated and argued. Both chapters account
for a step in the conceptual design phase of Dym and Little (2010). The next step in this conceptual
design phase is to establish means for functions, i.e. to construct means by matching the generated ca-
pabilities to the requirements, such that it results in an overview of all possibilities to leverage software
capabilities in the business process. In this research they are called Cognitive Possibilities (CP).
This chapter describes how the design possibilities for cognition enhancement of business processes can
be formulated, illustrating the procedure by applying it to the case study introduced in Section 3.1.
The steps described in this chapter result in the third part of the conceptual design process, the Cog-
nitive Possibilities Design Process (CPDP) (see Section 2.2). It thereby presents the research
that is conducted on the fourth research issue (RI4) raised Chapter 1 in Figure 1.4: Match functions
to requirements, generating possibilities for design.

First Section 6.1 kicks off this chapter by synthesising the cognitive requirements from Chapter 4
and the cognitive capabilities from Chapter 5, and describes and argue the theoretical underpinning
of the matching exercise, based on the concepts and theories introduced in Chapter 3. Section 6.2
continues by elaborating on how the matching process can be structured. This matching process is
illustrated in Section 6.3, using the case study used before. The matching exercise is formalised and
presented as the third component of the conceptual design process in Section 6.4. This last section
furthermore assesses and discusses the constructed CPDP on the criteria stated in Chapter 2, which
thereby concludes this chapter.

6.1 Theoretical Underpinning of Matching Capabilities to Require-
ments
Chapter 4 and 5 studied the cognitive elements of respectively business processes and AI software. This
section provides several notions on these cognitive requirements and cognitive capabilities, focused on
the envisioned matching process which is presented in the next section. Furthermore, the Cognitive Sys-
tems theory studied in Chapter 3 is leveraged to provide a framework to support this matching process.

Chapter 3 explained the concept of a Cognitive System. In this research, such a Cognitive System
is regarded as the systemic abstraction of a human being performing tasks supported by computing
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technologies. The envisioned conceptual design process is meant for the design of software systems
that embody these computing technologies. The decomposition of a Cognitive System by Heylighen
(2011) provides the elements of a ‘system’ that is able to express cognition in different forms and
degrees. These elements corresponds to the majority of concepts of the definition of cognition used in
this research. Recall Figure 3.2 in Figure 6.1 from Chapter 3. However, the value of the schematic
visualisation of a Cognitive System in Figure 6.1 goes beyond its textual and visual definition. This
is because this concept is constructed from a cybernetic perspective. It denotes the relations between
the concepts. That is, it indicates how its different elements (i.e. different elements of cognition) form
together a system that is able to utilise cognition to solve problems, that is within a business process,
to execute allocated tasks. Each of these elements influences how such Cognitive System performs its
problem solving exercises, i.e. executes its assigned tasks, and to which level of quality.

Figure 6.1: Schematic illustration of a System embodied in its Environment, denoting the Cogni-
tive and Physical aspects of control of these two concepts – from Heylighen and Joslyn (2001)

As stated in Chapter 1 and 2, it is interesting to know how to raise the cognition of a Cognitive System,
since it can increase the performance of such a system. The control feedback loop of the Cognitive
System is thereby of importance. For example, when the information processing skills of the Cognitive
System are improved, the system will be able to analyse information more efficient and/or effective.
The result of this improvement can be twofold: the Cognitive System is able to come faster to the
decision-making part of the problem-solving cycle (1) and/or the system processes information in a
qualitative better way, which can results in a higher quality of decision-making or following cognitive
functions. Thus, improving a cognitive element of a Cognitive System can lead to an increase in
performance (quantitative and/or qualitative).

In this research, this improvement is caused by the support by computing technologies, enhanc-
ing the cognitive expressions of human beings. Not their own real cognition (one would talk about
human-computer symbiosis), rather the abstraction of cognition used to execute tasks in a business
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process. Thus, considering what is said above, the cognitive capabilities of software pick up on the
cognitive functions of the Cognitive System to enhance these functions. Hence, the cognition level of
the particular cognitive function of the Cognitive System will be improved. How much the level of
cognition is improved, is not in the scope of this research, as stated in Chapter 1.

Chapter 4 elicited a way to extract and formulate the cognitive requirements of business processes.
These cognitive requirements denote the cognition that is being asked for proper execution of the task
within the business process. This research assumes that, especially in knowledge-intensive business
processes, the cognitive skills that are utilised to execute tasks are not providing the maximum level
of cognition which can be deployed to execute those tasks. That is, there is a difference between the
level of cognition currently used and what level of cognition ultimately can be used (such that it still
results in a performance increase). This is where the cognitive capabilities of software systems kick
in. These cognitive capabilities are namely considered to be able to increase this level of cognition. In
other words, these capabilities are able to change the level of cognition used to execute tasks in the
direction of the ultimate level of cognition, increasing the performance of a system.

It might sound evident that a cognitive capability concerning the (cognitive) perception function
will not increase the cognition level of the system when applied to, for example, the (cognitive) informa-
tion processing function. However, this insight is important for the matching of cognitive capabilities
to cognitive requirements. Hence, cognitive capabilities that are not of the same cognitive function
category as cognitive requirements will probably not be applicable, since they are addressing a fun-
damentally different part of cognition. Furthermore, more than one cognitive capability (of the same
category) can positively influence a cognitive requirement (of the same category), also in synchroneity.
These insights form the groundwork of the matching framework, which is described in the next section.

6.2 Application to this Research
The previous section elaborates on (theoretical) insights how to use the cognitive capabilities of software
systems to improve the level of cognition leveraged in business processes. This section presents a
framework how to match cognitive capabilities to cognitive requirements. From Systems Engineering
theory, ideas from rigorous engineering methods are borrowed how to perform this matching process.
An example of such method is the House of Quality for defining the relationship between customer
desires and the enterprise capabilities (Sage and Armstrong, 2000). To match cognitive capabilities to
cognitive requirements in a complete and structured way, one would try to match each capability to
every requirement. This would however be a very time-consuming exercise.

Based on the insights of Section 6.1, only the capabilities and requirements that belong to a partic-
ular cognitive function category are needed to be tried to match to each other. This results in the first
design step of the CPDP, comprising the categorisation of the cognitive requirements and cognitive
capabilities by cognitive function. This first design step is referred to as design step A. Categorisation
by Cognitive Functions. Furthermore, the to be constructed framework needs to support the matching
of multiple capabilities to one requirements. A similar form of matrix-based framework as the House
of Quality can be generated to support the systematic matching process of cognitive capabilities to
cognitive requirements. Table 6.1 shows a version of this framework. This matching activity can be
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considered as the second step of the CPDP, referred to as design step B. Structural Matching.

Cognitive Capabilities

Cap 1 Cap 2 ... Cap
n

Cognitive Requirements

Req 1
Req 2
...
Req n

Table 6.1: Matching capabilities to requirements, an engineering approach

Subsequent to this table, a second table can be generated that provides an overview of all matches of
cognitive capabilities to cognitive requirements. Furthermore, an extra column in the table serves as a
placeholder to describe the rationale of each match. This serves both validation purposes (objectivity
of the matching process) and for communication about the matching process to all parties involved
in the project. An example of this table is shown in Table 6.2. The analysis of the matched pairs,
and the formulation of the rationales for each pair together form the third and last design step of this
sub-design process. This design step is referred to as C. Analysis of matched pairs. The next section
illustrates how to go through these three design steps and how both frameworks can be used by means
of the claim-assessment process case study.

Match number Cognitive Requirement Cognitive Capability Rationale for match
1
2
3
...
n

Table 6.2: Suggested structure for listing the matches and their rationale

6.3 Example by Means of Illustrative Case
Recall the Cognitive Requirements of the case study from Chapter 4 and the cognitive capabilities of the
case study found in Chapter 5. In this section, the capabilities will be matched onto the requirements
by means of the framework as visualised in Table 6.1. However, first a synthesis step needs to be
conducted since the cognitive requirements and -capabilities are not yet sorted per cognitive function
category. Furthermore, this step entails the realisation of requirements and capabilities that can be
matched onto each other. Since their formulation is conducted independently, it may be that they
are not specified on the same abstraction level. This could result into a difficult matching process.
Therefore, this two steps support some tweaking that may be needed before the actual matching of
the two.

Another important step in the synthesis process is the filtering of categories and their correspond-
ing capabilities and requirements. Through experience, not every cognitive function is found equally
valuable for the claim-assessment process. Hence, not every category is considered to be necessary to
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Cognitive Requirements belonging to the category Reasoning
R1 When the facts in the claim information are categorised, the cognitive system shall state the

relevance of every fact individual to the assessment of the claim
R2 When the claim information has been annotated, the cognitive system shall state the value

of every fact individual to the assessment of the claim
R3 When the facts in the claim information are annotated, the cognitive system shall suggest

which relevant facts are not present in the claim information, considering the claim assess-
ment

R4 When the facts are extracted from the claim information, the cognitive system shall assess if
and which facts of the claim appear in previous assessed claims / a known case

R5 When the facts are extracted from the claim information, the cognitive system shall indicate
if and which previous assessed claim is similar to this claim

R6 The cognitive system shall be able to present if a similar claim is already assess before,
based on recognition of patterns

R7 When the facts in the claim information are related to previous claims, the cognitive system
shall determine which previous claims have the same properties as the current claim

Figure 6.2: A selection of cognitive requirements belonging to the category reasoning from the
illustrative case, as formulated in Section 4.3.2

Cognitive Capabilities belonging to the category Reasoning
The system can...
C1 ...deduce the taxonomy classes a textual document corresponds to.
C2 ...identify the author of a text.
C3 ...find specific information within a set of documents.
C4 ...the emotional tones of the text.
C5 ...provide similar images of a given picture.
C6 ...deduce the category of a picture.
C7 ...recognise objects in a static image.
C8 ...support decision making through visual mathematical representation of decision criteria.
C9 ...learn from previous textual documents to improve its linguistic functionalities.

Figure 6.3: A selection of cognitive capabilities belonging to the category reasoning from the
illustrative case, as formulated in Section 5.3

analyse in the matching process. Through deliberation, the cognitive functions perception, recognition,
reasoning/information processing, learning, judgement and comprehension are identified as relevant
cognitive functions for the claim-assessment process, since they cover the essence of an assessment to
process information, analyse it and formulate a decision based on that information. Hence, these cat-
egories are taken into account in the matching process of this case study. The cognitive requirements
formulated in Section 4.3.2, belonging to the cognitive systems category reasoning, are presented for
illustrative purposes in Figure 6.2. From Section 5.3, the cognitive capabilities of the IBM Watson
software package, belonging to the same category (reasoning), are listed in Figure 6.3.

The following step is to fill in all the cognitive requirements and cognitive capabilities into the frame-
work as presented in Section 6.2. This is done per category. Table 6.3 shows the framework filled in
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with the requirements and capabilities belonging to the category reasoning of this case study.

Next, the actual matching process takes place. This is done by analysing each cell in the framework
in sequence, indicating all possible matches between the requirements on the one hand, and capabilities
on the other hand. One by one the designer has to consider if a capability has the potential to fulfil,
i.e. meet a requirement. If so, the designer places an ‘x’ in the corresponding cell. If not, an ‘-’ (dash)
is placed. Then, the designer goes on to the next cell and so on and so forth. The matching process
ends when all cells have been subject to consideration.

Category Reasoning
Cognitive Capabilities

C1 C2 C3 C4 C5 C6 C7 C8 C9

Cognitive Requirements

R1 - - x - - - - - x
R2 - - x - - - - - x
R3 - - x - - - - - x
R4 - - x - - - - - -
R5 - - x - - - - - x
R6 - - x - - - - - x
R7 - - - - - - - - x

Table 6.3: Matching the cognitive capabilities to the cognitive requirements of the illustrative case

A few insights can be gathered from Table 6.3. First, one can see that C3 and C9 are capabilities
that can be used often. The other capabilities of IBM Watson software are not applicable in this case.
Secondly, one should keep in mind that the capabilities matched to certain requirements are not the
only capabilities that are needed in order to fully realise the corresponding requirement. That is, other
capabilities will be needed to meet the requirements. These capabilities can be cognitive capabilities
as well as non-cognitive capabilities. The latter type of capabilities are not addressed in this research.

After the actual matching process, a new table can be generated by extracting all pairs of cognitive
requirements and -capabilities which are in the framework indicated with an ‘x ’, indicating a potential
software cognitive capability that could improve the cognition in a business process. For every pair of
capability-requirement, the software service can be denoted that delivers that particular capability by
looking back into the results of the CCDP. Finally, a table that provides an overview of all matches
and their rationale can be constructed, as elaborated earlier in Section 6.2.

The last steps of the third part of the conceptual design process comprise the generation of design
alternatives, refinement and application of metrics to design alternatives and ultimately choosing a
design. These three steps are not addressed in this case study, since they do not differ from other
design exercises: the main focus and scientific potential is in the first three steps of the conceptual
design process. This ends the illustration of the third step of the conceptual design phase. Next,
the insights generated from theory and this case study deliver the third component of the envisioned
conceptual design process, which is presented in the next section.

6.4 Stage 3 of Conceptual Design Process
Summarising the steps illustrated in this chapter, the third part of the envisioned conceptual design
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process can be drafted: the Cognitive Possibilities Design Process. This part is visualised in Figure 6.4
and thus entails the matching of the cognitive capabilities of selected AI software to the cognitive
requirements of the tasks within a particular business process. This chapter concludes by providing a
description of the CPDP and assess it on the criteria stated in Chapter 2.

6.4.1 Description of the Cognitive Possibilities Design Process
The CPDP consists of three steps. First, the cognitive requirements from the CRDP and the cognitive
capabilities from the CCDP are synthesised and categorised according to the cognitive function they
relate to (A). In the second design step, the cognitive requirements and cognitive capabilities are
put opposite to each other in a table (Table 6.1). For every cognitive function, such a table will be
created. This table structures the matching process, as each cell corresponds to a potential match,
indicating a pair. The designer should go through each of the cells, assessing if the selected capability
can potentially comply to the selected requirement. Each cell will be marked with an ‘x ’ if this is
the case (B). When this matching process is completed, the third and last design step of the CPDP
will extract all pairs of capabilities and requirements matched to each other and put them in a new
table (Table 6.2). A more thorough analysis will be conducted to reason if the capability can meet the
requirement when implemented. For each matched pair of capability and requirement, the designer
writes down the rationale behind this match for communication purposes (C). These three design steps
together form the CPDP of the CDP.
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A. Categorisation by 
Cognitive Functions

Synthesise the outcomes of Stage 1 
and Stage 2 and categorise these 
results according to cognitive 
functions:
 Categorise the cognitive 
requirements from Stage 1 
 Categorise the cognitive 
capabilities from Stage 2

C. Analysis of Matched Pairs

After going through the whole table:
1. For each marked cell in the table, 
execute a more thorough analysis 
whether the capability can actually 
cause the effect that the 
Requirement can be met:
 Analyse the methods and 
techniques of the service
 Write for every pair one or two 
lines argumentation explaining the 
rationale of the match

2. Check if a combination of 
capabilities can have a positive effect 
such that a requirement can be met

B. Structural Matching
To match the Cognitive Capabilities 
to the Cognitive Requirements:
1. Fill in the template table structure 
per category for both Requirements 
and Capabilities
2. Based on the description of both 
requirements and capabilities:
 Go through each cell of the table 
and assess if the selected capability 
can potentially meet to the selected 
requirement. 
 If so, mark this cell. If not, go to 
the next cell

Figure 6.4: Schematic representation of the design process to match the cognitive requirements to the cognitive capabilities, using the con-
cepts from Chapter 6
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6.4.2 Assessment of the Cognitive Possibilities Design Process
To assess the suitability of the CPDP constructed and described in this chapter, the criteria stated in
Section 2.2 are elaborated below regarding the CPDP.

Universally applicable The CPDP as described above provides a way to match the cognitive capa-
bilities to the cognitive requirements as formulated in the previous sub-design processes of the
CDP. The steps in the CPDP are formulated in such a way that they can be performed to each
set of cognitive capabilities and/or cognitive requirements; the steps are not bounded to certain
specific formulated cognitive capabilities and/or cognitive requirements. Thereby, the CPDP can
be run through irrespective of how its input is formulated, although this input should conform
to the syntax of a requirement. The CPDP is therefore universally applicable to the outcomes
of the CRDP and CCDP.

Methodical in essence The steps of the CPDP together form a systematic way to create cognitive
possibilities from the cognitive requirements of the business process and the cognitive capabilities
from the AI software under review; each step contributes in its own way to formulate these
possibilities for AI technology to power the cognition of a business process. The CPDP is therefore
considered methodical in essence.
The CPDP is considered rigid, since its procedure to generate the cognitive possibilities is strict
and self-explaining, offering one structural way to generate these possibilities. This strictness is
considered the main strength of the CPDP, ensuring that this sub-design process of the CDP
where the design space is created is executed in an uniform way when performed by different
people. However, the matching step (B) itself comprises room for manoeuvre for the designer.
Different sets of input (cognitive capabilities versus cognitive requirements) therefore result in a
different set of cognitive possibilities, i.e. design space. On the other hand, the CPDP ensures
that the same sets of input in principle result in the same set of cognitive possibilities when
executed by different designers, thanks to its strictness. Step A is considered to have little
variation in its outcome if performed by different people. This is also considered for step C,
despite variations in the rationales of the matches; people can have different ideas why a cognitive
capability meets a certain cognitive requirement, and/or formulate the rationale of a match in a
different way but still meaning the same.

Flexible but robust If the set of cognitive requirements and/or cognitive capabilities changes en-
tirely during the execution of the CPDP, the CPDP can be re-executed using the new set of
capabilities and/or requirements. This will require the designer to start from the first step (A) of
the CPDP, categorising this new set. The progress it already made is however no longer useful,
since it is generated for a different set of input. If the set changes only a bit, for example only a
few cognitive requirements and/or cognitive capabilities are added to or removed from the set,
the matching table created and used in step B can be changed by the designer, and thereby offers
the possibility to extend or limit the design space. This characteristic of the CPDP denotes the
flexibility of the CPDP.
On the other hand, all steps of the CPDP ensure robustness to the CPDP to external disrup-
tions, such as the removal of a designer (in a design team). Each step in the CPDP requires
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documentation of the outcomes of the step; a list of cognitive requirements and -capabilities per
cognition function, a completely filled matching table and a textual description of the matching
rationales. This documentation maintains the progress made in the design process, and gives the
CPDP robustness to unexpected disruptions in the design process.

Context-aware The documentation generated in the CPDP serves furthermore one other purpose,
which is related to the context in with the CPDP is executed. The documentation, and espe-
cially the written description of the matching rationales, provide explicit argumentation why a
particular match is made. When a capability is considered not to fulfil a requirement, this is
also indicated by the matching table. This allows stakeholders in the project to understand why
certain design choices are made in the design process. This contributes to more realistic expec-
tations by the stakeholder regarding possible design alternatives created in the next sub-design
process of the conceptual design phase. With that, the CPDP is aware of its environment when
questions are raised regarding its outcomes.
Just as the CRDP and CCDP, data is considered to be of importance when executing the CPDP.
The CPDP is meant to generate design possibilities. These design possibilities indicate which AI
software service can meet the cognitive requirements of the business process with its cognitive
capability(-ies). Since these AI technologies are driven by data, the data to power these cognitive
capabilities need to be of sufficient quality. If the data is of bad quality, the AI software cannot
provide the cognitive capabilities it is developed for. Where data availability, completeness and
type are important for the CRDP and CCDP, the other data quality aspects are important for
the CPDP: consistency, timeliness, accuracy and precision. Therefore, these data quality aspects
are ought to be analysed in step C of the CPDP where a thorough analysis is performed whether
the cognitive capability can actually cause the effect such that the cognitive requirements can
be met. Thus, data available in organisation partly determines the possibilities for design. The
CPDP is thereby aware of the context it is used in, i.e. the environment it generates design
possibilities in.

This chapter provides an answer to the fourth research issue (RI4) raised Chapter 1 in Figure 1.4:
Match functions to requirements, generating possibilities for design. The Cognitive Possibilities Design
Process (CPDP) created is thereby the third component of the conceptual design process as envisioned
in Section 2.2. It provides a way to formulate cognitive possibilities from the cognitive requirements
and capabilities from previous sub-design processes of the CDP. As described above, the CPDP thereby
recognises the values (specified in criteria) elaborated in Section 2.2 to a certain extent. Again, to what
extent precisely is not researched here, and therefore subject for further research (see Chapter 8).
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7 | Constructing & Validating the Con-
ceptual Design Process

This chapter presents the research that is conducted on the fifth and last research issue (RI5) raised
Chapter 1 in Figure 1.4: Establish a conceptual design process of cognition enhanced business processes.
That is, it describes how the three design processes created in Chapter 3 to 6 can be combined to form a
coherent whole. This chapter delivers the overall Conceptual Design Process (CDP) as envisioned
in this research.

Section 7.1 describes the effort of constructing the CDP from the CRDP, CCDP and CPDP.
Furthermore, it argues that besides these components two other components are necessary for the sake
of completeness. Section 7.2 and Section 7.3 elaborate on these two other components of the CDP.
Section 7.2 presents and elaborates on the theoretical concept of Design Process Co-ordination, which
coordinates the other components of the design process such that its goal are met. It furthermore
discusses how this concept of Design Process Co-ordination can be used in the conceptual design
process envisioned in this research. Next, Section 7.3 introduces and describes the way in which data
is present and formalised in the overall conceptual design process. Adding these two last components
of the conceptual design process results in the last part of this research creating a CDP for cognition
enhanced business processes. Section 7.4 therefore presents the final conceptual design process, which
is validated in Section 7.5 by a round table discussion with experts and assessment on the criteria
introduced in Chapter 2, and by applying the conceptual design process to the second case study in
this research. Section 7.6 presents the conclusion of this chapter.

7.1 Constructing the Conceptual Design Process
So far, Chapter 4 presented the CRDP which extracts and formulates the required cognitive activities
of a business process, by decomposing a business process to tasks and elicit the cognitive activities
that are performed when executing each task. Next, Chapter 5 presented the CCDP, which formulates
the cognitive capabilities of AI software, by defining the different services provided by the software
and by specifying its functionalities in the context of the business process under review. This part of
the design process is also driven by a design exercise. The previous chapter, Chapter 6, described how
the outcomes of the CRDP and CCDP can be matched to each other supported by a categorisation
leveraging the concepts addressed in Chapter 3. This matching process generates insights in the
possibilities of utilising AI software in the business process under review (such that ultimately design
alternatives can be constructed), referred to as the CPDP.
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These three design processes are viewed as components of the overall CPD how to enhance the
cognition of (the tasks in) a business process. As formulated by (Dym and Little, 2010), the conceptual
design phase consists of six steps, of which three are covered by the CRDP, CCDP and CPDP. However,
the last three steps of the conceptual design phase – Generate design alternatives, Refine and apply
metrics to design alternatives and Choose a design – are not covered yet. These steps together are
referred to as the Design Alternatives Generation & Selection Process (DAGSP). However,
as already mentioned and argued in the introduction of this thesis, the DAGSP is not studied in this
research.

To form the overall conceptual design process, the question is how the components are connected to
each other. Are they used purely sequentially? Do these components transfer information or other
resources to each other? If so, what information do these components transfer to each other? The
answer to this question is rather difficult. Expert opinions from design scientists state that, because
every design exercise is different (Rittel and Webber, 1973), their design strategy used in the project is
never the same (van Langen, 2015b). Therefore, it is not worthwhile to formulate a fixed sequence for
the execution of the four components of the design process. Furthermore, the transfer of information
between the four components will be different in each design project. Thus, within the design process,
another component is needed that is responsible for the the strategy that guides the design process
towards its goal: to design a cognition enhanced business process.

The CDP is, in all its essence, ought to support the conceptual design exercise as mentioned above.
Thereby, the CDP has to cover the important design activities that are related to this design exercise.
The CRDP, CCDP and CPDP are the components responsible for this. However, next to the important
design activities, other relevant and important concepts and/or factors are ought to be covered by the
CDP, since they would play an significant role in the design process or affect this design process.

As noticed while exploring the possible ways to form the final conceptual design process, the CDP
components (CRDP, CCDP and CPDP) all are affected by data related factors. As already mentioned
in the introduction of this thesis, AI technology cannot be leveraged without data that fuels these
technologies. If data is not available or considered to be of insufficient quality, the number of possible
designs decreases. Data quality aspects of importance to the CRDP, CCDP and CPDP are discussed
in Chapter 4 to 6. Thus, data quality aspects are important during the whole CDP as investigated in
this research. Hence, the concept of data, and especially data quality, has to be included in the CDP
in a certain way.

Figure 7.1 schematically denotes the two envisioned components that have to be found, in order for the
design process to be useful and sound. The dark grey blocks indicate the still missing components of
the CDP. The striped grey block represents the DAGSP component of the CPD, which is not further
addressed in this research. This chapter presents the last two components of the design process, and
integrates them in the CDP together with the CRDP, CCDP and CPDP from respectively Chapter 4,
5 and 6.
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Figure 7.1: The components of the conceptual design process so far, highlighting in dark grey the
components still unknown

7.2 Strategy in the Design Process
A designer who is responsible for the design of a (new) cognition enhanced business process can leverage
the three design processes to receive the guidance that these processes provide for conducting the design
task at hand. The question is how to utilise these three processes in such a design exercise? More
specifically, the following unknowns are present regarding the use of these three design processes (i.e.
interaction between these design processes):

• The order of use (task control): with which design process do you start? Do you use it purely
subsequently? Or do you switch between the design processes (iterative character)? How often
do you then switch?

• The information exchange between the design processes: does information flow from one design
process to the other? How often? And what information precisely?

Two objects in the design process that are of relevance to these two unknowns are the specification of
the system under design, and the (design) requirements to which the system’s design should comply
(van Langen, 2002). The changes by the designer to the specification of the design and the design
requirements influence the order in which design activities are performed and what information between
which design activities is exchanged. The process of these manipulations is driven by the objectives
of the design process, which manifest themselves in the form of a strategy that provides the design
process with a course of action.

7.2.1 Design Process Co-ordination
As firstly coined by van Langen (2002), Design Process Co-ordination (DPC) is the concept that
controls a design process in accordance with given design process objectives. Hence, it is responsible
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for the overall design strategy of the design exercise. Design Process Co-ordination is furthermore
concerned with the use of requirements, working towards a certain (design) solution. Besides indicating
which design activity should be performed at a given moment, it suggests how to properly allocate
resources such as information, time and stakeholders in the design process.

DPC is thus situated on a more strategical level of a design process, where the other components
of a design process have a more tactical nature within the design process. Just as other components
in the design process, the context of the design is taken into account in DPC. Because DPC can be
considered as the ‘glue’ between all components in a design process, it embodies the learning character
of the design process, which the other components do not deliver on themselves.

Figure 7.2 schematically visualises the input and output of Design Process Co-ordination. The input
of DPC are the objectives of the design process. An example of a design process objective is the
goal to finish the design exercise within three months. The output of DPC are evaluations of the
Design Process. These evaluations are for example statements if and to what extent the design process
objectives are met, throughout the design process and at the end of the design exercise. The connection
of DPC with other components of the design process is twofold. First, it entails the communication of
the strategy formulated by DPC to the other components. An example of this is when and which steps
should be executed by that part of the design process. The second part is the evaluation of this first
part, which are evaluation statements how well that part of the design process is controlled. Every
other part of the design process still has its own inputs and outputs. These components mutually
communicate and transfer information when necessary to perform their design activities.

design process 
evaluations

DPC
Design Process 
Co-ordination

overall design 
strategy

design process 
objectives

control 
process 

evaluations

Figure 7.2: Input and Output of Design Process Co-ordination

7.2.2 Application to this Research
Interpreting the notions above in the light of this research, DPC is considered to be of value in the
envisioned conceptual design process since it delivers the strategy throughout the design process that
is needed to steer the process towards its objectives. The Design Process Co-ordination process should
not be considered to be similar to the three design processes constructed in this research, since it
serves a different purpose in the conceptual design process. Namely, where the three components can
be typified as tactical deciding how the design activities should be performed, DPC can be considered
here as strategical, since it decides on when certain design activities should be performed in the overall
design process. Figure 7.3 illustrates the structure and relationships between the DPC and the three
design processes. For the sake of clarity and simplicity, the DAGSP is not visualised in Figure 7.3 since
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it is not specifically addressed in this research. As described above, DAGSP is part of the total CDP
and thus has a link to DPC as well. Its place in the CDP is illustrated in the overview of the total
CDP.

Design Process Coordination (DPC)

Overall design strategy

CRDP
Business Process to 

Cognitive 
Requirements

CCDP
AI software to 

Cognitive Capabilities

CPDP
Mapping of 

Capabilities to 
Requirements

design process 
objectives

design process 
evaluations

strategy + control 
process evaluations

strategy + control 
process evaluations

strategy + control 
process evaluations

resources resources

resources

Figure 7.3: Design Process Coordination applied to the CRDP, CCDP and CPDP of the CDP

In the process of designing a software system that enhances the cognition used in a business process,
DPC is thus the responsible component that determines the strategy of the design exercise. It executes
this strategy by determining which design activities should be performed of which part of the design
process (CRDP, CCDP, CPDP) at a given moment in time. For example, when entering the CPDP,
it could be that some requirements (or capabilities) are not formulated detailed enough in order to be
properly used in the matching process. DPC then determines to go back to the CRDP (or CCDP) to
re-execute the design activity that is responsible for this formulation. DPC is thus a guiding component
of the conceptual design process.

When utilising the conceptual design process, first the design process objectives have to be spec-
ified. These objectives form the input for the DPC, and are used for the formulation of the design
strategy. Each time a design activity is performed, for example in a design step of the CRDP, the
strategy is evaluated if it still meets the predefined design process objectives. Furthermore, through-
out the design processes CRDP, CCDP and CPDP, the DPC gathers information about the need for
resources from the sub-design processes and facilitates this. DPC fulfils thereby an essential role in
the CDP.

Figure 7.4 shows the components of the conceptual design process, adding the Design Process Co-
ordination component to the four other known components. This leaves a component ensuring the
design to fit to the data still unknown. The following section elaborates on this last unknown component
of the CDP.
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Figure 7.4: Visual of the components of the conceptual design process, indicating in dark grey the
component still missing

7.3 Ensuring Fitness to Data
As assumed in Chapter 1, data is of importance when using AI technology in a particular system. As
turned out in the assessments of the design processes applied to the case study regarding the criteria
drafted in Chapter 2, the CRDP, CCDP and CPDP can indeed be affected by data. More specifically,
the quality of the data is considered to be especially relevant for the design of AI powered systems to
create cognition enhanced business processes.

Data quality is thus of significant importance to the whole CDP. If the conceptual design under
creation does not fit to the data (quality) available, the conceptual design will in the end not suit
the environment in which the design exists in, i.e., the solution will not suit the problem. Thus, data
can then be considered as a constraining factor in the design process. Therefore, in each sub-design
process of the CDP, an assessment if data quality is considered as a issue or not should be performed
frequently. Hence, a sixth component of the CDP is proposed, that is responsible to make sure that
the system under design will in the end be accommodated to the relevant available data.

7.3.1 Assessment of Data Availability & Quality
To what extent data fits to a particular design is considered to be determined by the availability of
the data and the quality of the data. As fitness of the system under design to data is important to
keep track of, Data Availability & Quality Assessments (DAQA) have to be executed in the
conceptual design process. In essence, an assessment of the data availability & data quality entails the
determination of whether the data – of the quality required by a particular design – can be available,
such that it can be used when the design is going to be developed after the design phase of the system.
If the required data is not available, data quality is non-existing; if the required data is to some extent
available, data quality is of importance.
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Literature on data quality identifies multiple attributes of data quality, although no consensus
seems to exist on this topic. An example of a set of data quality aspects is found in Wang and Strong
(1996), which analysed multiple studies on data quality. They drafted a conceptual framework of
data quality differentiating fifteen data quality dimensions into four categories. These four categories
are Intrinsic Data Quality (1), Contextual Data Quality (2), Representational Data Quality (3) and
Accessibility Data Quality (4). Figure 7.5 shows these four categories and the data quality dimensions
they consists of.
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Value-added
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Concise representation
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Figure 7.5: A conceptual framework of data quality, from Wang and Strong (1996)

The data quality dimensions provided by the framework visualised in Figure 7.5 are an example of a
set of data quality aspects that can be used to identify data issues along the way of designing. Based
on such a set of data quality dimensions, a data quality assessment can be executed.

7.3.2 Application to this Research
Interpreting the notions above in the light of this research, DAQA is considered to be of value in
the envisioned conceptual design process, since it provides a way to frequently check if the solution
under design will fit to the data. If data is not taken into account in the conceptual design process, a
implication is that the resulting (conceptual) design will not fit to its purpose, due to the applicability
of the ‘Garbage-in, Garbage-out’ principle. With fitness of a design to its purpose is meant the extent
the design is similar to its most desired state. The same holds when the quality of the data is not
taken into account; low data quality results in low fitness of the design to its purpose. Featuring data
availability and data quality in the conceptual design ensures a more appropriate design. By frequently
assessing the data availability and data quality in the CDP, the designer can minimise the risk that
the design does not fit to the data.

As described in Section 4.4.2, data availability and data completeness are considered important to the
formulation of the cognitive requirements in the case study used. They determine if a certain direction
of the design process is in the first place considerable. The type of data available is of importance to
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the cognitive capabilities of an AI software suite, indicating if the AI techniques available are suitable
to deal with the data that is present (see Section 5.3.2). Besides, the appropriate amount of data
is considered to be important for the services of the AI software to be used in the case study. The
matching of the cognitive capabilities to the cognitive requirements in the case study can be affected
by data quality factors such as the accuracy, consistency and timeliness of the data available to the
design process (see Section 6.4.2).

Although the important data quality dimensions are found for the case study used in this research,
these are not necessarily the (most) important data quality dimensions for each part of the CDP or the
CDP as a whole. No guidelines are considered to exist which tell when which data quality dimension
is important during each sub-design process of the CDP. A designer can choose to use a conceptual
framework such as the one presented in Figure 7.5 or other reference material on data quality dimen-
sions to supports the data assessment. Next to ensuring fitness to data, this component can be used
to indicate to what extent an increase in data quality can change the possibilities in design. When the
designer or other stakeholders of the design process finds a design possibility particular interesting, but
the data quality is not sufficient enough for this, a data quality project can be initiated to increase the
quality of the data available.

The DAQA comes to play when certain design activities are performed and their outcomes can be
assessed. The DAQA provides information to the design processes in the form of an assessment to
what extent a particular design fits the data. Figure 7.6 indicates the relationship of the DAQA with
the CRDP, CCDP and CPDP, which is in essence an exchange of information on whether the data
quality aspects are relevant to the conceptual design process component (assessment). The CRDP,
CCDP and CPDP share this information between themselves to support the execution of their design
activities, which is then typified as a resource.

CRDP
Business Process to 

Cognitive 
Requirements

CCDP
AI software to 

Cognitive Capabilities

CPDP
Mapping of 

Capabilities to 
Requirements

assessment assessmentassessment

DAQA
Ensuring Design fitness to Data 

resources resources

resources

Figure 7.6: The Data Availability & Quality Assessment-component applied to the CRDP, CCDP
and CPDP of the CDP

88



Cognition Enhanced Business Processes

In contrast to the other components in the CDP, the DAQA is not considered to be situated on
the more strategic level of the CDP such as the DPC (steering the design process to meet its objec-
tives), neither the more tactical level where the of the CRDP, CCDP and CPDP (specify which design
activities should be executed). However, since the the DAQA comprises the verification if certain
design elements and -possibilities can exist or not, the DAQA is considered to be on a different, more
operational level, in the CDP. It thus supports the CRDP, CCDP and CPDP in executing the design
activities they propose.

To illustrate the DAQA component in a conceptual design process, let us take an example in the CCDP
where the AI software under review only consists of capabilities to extract entities of an input text
and translate a text into another language. If the data available to the design process relevant to its
objective are mainly databases and other data sources that are not suitable to these AI capabilities,
the DAQA will indicate this mismatch. It thereby indicates that or an other AI software suite should
be used with different capabilities, or that suitable data should be gathered in the organisation, which
often comprises in a data collection project internally in the organisation.

Another example to illustrate the DAQA in the CDP is the following. In matching the cognitive
capabilities of the AI software to the cognitive requirements of the business process, data availability
can be important. If for a particular design possibility (a match of a cognitive capability to a cognitive
requirement) the specific required data is not available, the design possibility will never come to de-
velopment. The DAQA provides this information to the CPDP by assessing which data is specifically
needed by the AI software from the CCDP and which data is available in the business process or
organisation from the CRDP.

7.4 Final Conceptual Design Process
Summarising the steps illustrated in this chapter, the envisioned conceptual design process can be
created. This part is visualised in Figure 7.7 and thus entails the CRDP, CCDP, CPDP and DAGSP,
connected to each other by the DPC and supported by the DAQA as explained in this chapter. For
simplicity, only the interactions from and to the Design Process Co-ordination-component and Data
Quality Assessment-component are visualised.

Figure 7.7 thus provides the overview of the final CDP as studied and constructed is this research. It
provides sub-design process and corresponding design steps to develop in the end a conceptual design
of a cognition enhanced business process. Furthermore, it specifies what the design activities within
these design steps are, and how they should be performed and paid attention to.

The conceptual design process can serve as a structural approach to identify the possibilities for AI
software in business processes, but also the problems currently present regarding the use of cognition.
It forces to describe these opportunities and problems in an explicit way, instead of talking about it in
a general way. Its scope does not entail what software should be doing in a business process (software
engineering view), but where it can fit in, and be of value to the business process (systems engineering
view). The conceptual design it addresses adds value to the design of AI systems within business
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Figure 7.7: Schematic of the elements of the conceptual design process constructed in this re-
search, indicating in light grey striped the component not addressed in this research

processes, by making explicit why particular AI services and corresponding techniques should be used.
The design process is built upon the theory of Cognitive Systems theory as elaborated in Chapter 3,
using the concept of cognition to enhance a business process, thereby contributing to the overall goal
set by the organisation. By going through the CDP, answers can be provided to questions such as:
what is our objective regarding the use of AI in the business process? And what needs to be improved
exactly? And which feasible AI solutions can therefore be used?

To make sure that this CDP can be used in design projects, the validity of the CDP is assessed
in two ways: validating the conceptual design process and a conceptual design it produces. The next
section describes this validation exercise. The assessment of the final CDP on the criteria stated in
Chapter 2 is a part of the validation and is addressed in Section 7.5.1.4.

7.5 Validation of Research
The validation of the conceptual design process is performed in twofold. Process-wise, the CDP is
validated with Jibes Data Analytics B.V. who employs experienced AI system developers which belong
to the target group of the CDP, since they design, develop and implement these types of systems. This
validation shows how usable the conceptual design process is for them, and how they think about its
value for the to be designed systems in the end. To assess the validity of the CDP, a full blown empirical
validation study is desirable. However, due to time constraints and due to the fact that this research
uses a RtD approach, such a validation study is not performed. Instead, a round table discussion was
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organised and conducted with three AI-solution experts of Jibes, which also serves the purpose of this
research in a proper way. Content-wise, the CDP was validated by applying the conceptual design
process onto a new case study. This shows whether if the CPD actually generates meaningful and
useful design solutions in another case study. Respectively Section 7.5.1 and Section 7.5.2 present and
elaborate on these two validations performed in this research.

7.5.1 Validating the Conceptual Design Process
For the validation of the Conceptual Design Process, I hosted a round table discussion at Jibes Data
Analytics B.V with three of its AI-business solutions experts. In this round table session, I first briefly
presented the goal of this validation step, setup of the meeting and the background of my research. The
latter explained why I developed a CDP and what perspective I took to scrutinise the opportunities
of AI in business processes. The main part of the meeting comprised of a discussion about the five
components studied in this research of the CDP to challenge their existence and content. Here, I asked
the participants to speak out their thoughts and beliefs about the usability and usefulness of the CDP.
Furthermore, the discussion entailed also the broader topic of AI solutions for business processes, not
limiting to the conceptual design phase of such solutions. Therefore, together with the actual design
process of the CDP, these validation steps can be seen as results of this research, and therefore as a
prelude to the conclusions of this research.

To describe the main points from this round table validation discussion, the notions are presented
per sub-design process of the CDP. At last, this section assesses the final CDP on the criteria stated
in Section 2.2.
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Assess usability of 
CDP

Assess usefulness 
of CDP

Implicit added 
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Explicit added 
value for design

Ease of use Learnability
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Figure 7.8: Schematic outline of validation of the conceptual design process

7.5.1.1 Validation of CRDP

The discussion about the CRDP touched upon each step of this design sub-process (recall Figure 4.6)
in Chapter 4. Overall, the participants of the round table stated that it is desirable to think about the
requirements of the solution independently from the technological possibilities. Not until the CCDP in
the CDP, the CCDP, the technology is considered for the possibilities it can deliver. Because of this,
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a designer is able to analyse the possibilities for the business process under review as objectively as
possible regarding the goals it wants to achieve. The participants agreed on the fact that the CRDP
allows for this objective review.

Secondly, the experts indicated that human-centric view of the CRDP is a strength of the design
process. They described that, to date, projects concerning AI solutions in business processes are often
viewed from a purely machine-centric perspective, mainly due to the hype regarding automation by
AI. The human-centric approach of the CRDP forces stakeholders to think about the environment
the solutions is going to play a role in, namely the business process, in which human beings are not
neglectable. In the end, the AI solutions have to function and perform well in the business process
such that it is accepted in the whole organisation.

Furthermore, they have expressed that the detailed analysis of the business process is another
strong point of the CDP, and even necessary for a proper design of a solution. They refer here to the
decomposition of the business process, by specifying the boundaries of the business process (system)
under review, its break-down to sub-processes and tasks.

Next to that, the Cognitive Task Analysis is found to be interesting by the experts and useful for the
extraction and analysis of both explicit and implicit knowledge used within the business process, as
well as other cognitive skills expressed and utilised in the business process. They indicated that the
new glance, the cognitive systems perspective on the business process, and especially on its tasks to
be refreshing and to some extent valuable. However, they also expressed some concerns regarding the
(still) general character of the Applied Cognitive Task Analysis for its use in projects developing AI
solutions in business processes. To use this CDP, the Cognitive Task Analysis step is suggested to be
researched more in detail, resulting in a more specific, more rigorous and less elaborate version of this
analysis.

Furthermore, they indicated that the ACTA has to deal with a bias in its analysis process, due to
the fact that information is extracted from other persons. These interviewees could be biased in certain
ways, resulting in less usable and objective results. For example, they can be uncooperative, provide
false information, lack a necessary degree of self-reflection, and/or are not able to pronounce their
thoughts well enough. When executing the ACTA in this CRDP, the designer has to acknowledge this
potential bias and take into account that the raw results of the analysis have to be carefully examined
and reflected on.

At last, the experts reported their slight concern of the approach of the CRDP of the CDP, since
it seems that the CDP focuses only on optimising a business process within the established frameworks,
i.e. the boundaries of the current state of the business process. Therefore, potential solutions will not
be designed outside these boundaries, or question those boundaries, which could result in ignoring even
more valuable solutions. Indeed, the CDP does not cover this, since it formulates the requirements for
the cognition in the business process, in its current situation / state. The cognitive perspective taken
in the design of this CDP is thus the reason for this approach.

7.5.1.2 Validation of CCDP

In the discussion about the CCDP, all steps were touched upon as presented in Figure 5.6 in Chapter 5.
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The participants of the round table discussion expressed that they value the result of the CCDP, a table
which describes the AI software under review on several criteria, as useful for themselves and colleagues
as a reference for the design exercises they perform. Furthermore, it can serve also as a communication
vehicle to clients and other stakeholders, describing relevant and valuable information about the AI
software services such as their functionalities, examples of their use, and relation to technical fields of
study. It thereby fosters the design process of the solution. It could be helpful for the selection process
of the right software service, from for example a financial perspective and/or functionality perspective.

Furthermore, an expert indicated the usefulness of the CCDP to extract information about which
data is needed for proper use of a particular software service. One could think about which business
data is necessary, but also which dictionaries should be available for proper use of natural language
processing services.

The experts also indicated that the CCDP of the CDP forces the designer to formulate and specify
the functionalities of the software package under review in a clear way, which they think is a good
thing and valuable for a solid and rigour design process. It can then improve communication about the
software with both colleagues, clients as well as other relevant stakeholders (think about the financial
department which has to agree on the software investment). Once created, updating the overview is
less work and also desirable, since functionalities of software packages change over time (during the
period of this research, one service of IBM Watson is taken offline and not available anymore for use).
For a consulting company as Jibes, it is also desirable that its consultants have this knowledge about
the software availability, to be able to quickly identify possible solutions for AI in a business process.

Just as the critique on the CRDP, the experts question the approach of the CCDP, since it extracts
and formulates the capabilities of the software first. Instead, one can also reason more freely about the
functionalities the to-be designed systems should have. Then, the designer can search for means that
fulfil these functions. This is indeed a good point and a weakness of the CDP. Again, the cognitive
systems perspective taken in the design of this CDP seems to be the reason that the CDP is constructed
as it is now. It forced the design process of the CDP to identify and examine the cognition that is
currently used in the business process.

7.5.1.3 Validation of CPDP

After the CRDP and CCDP, the design activities of the CPDP in Figure 6.4 in Chapter 6 are discussed
in this round table meeting. Just as the CCDP, this sub-design process of the CDP is found useful
as a communication vehicle to colleagues, as well as clients and/or other relevant stakeholders for the
same main reason: it fosters the process of properly designing the (AI) solution. Furthermore, the
extensive character of this design sub-process makes sure that no solutions possibilities are forgotten.
This is also indicated as a strength of the CPDP by experts. The categorisation that is applied to the
potential matches in the form of the cognitive skills from theory, is considered as logical and valuable
for the matching process.

In addition to that, some experts expressed some critique on this extensiveness and rigorous character
of the matching process. They question if this formal way of examination of each possibility is necessary
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in practice, since the designer’s gut feeling and creativity will focus on the possibilities that he or she
thinks are viable. This research does not contradict this concern regarding this matching process.
When the designer is experienced, he or she will indeed be able to recognise the potential solutions for
design faster than going through all possible matches in the CPDP. In other words, when conducting the
CDP in all its detail, it could take away some of the creativity of the designer to develop out-of-the-box
solutions.

At last, the experts identified a limitation of the matching process, comprising the performance
(quality and robustness) of a software service. The matching process as presented in Section 7.3 only
identifies whether a particular capability is usable to fulfil a particular requirement. That is, it only
takes into account the usefulness of the software service, but not how well this service is actually
capable of meeting that requirement. The matching process can thus be improved by adding a scale
of performance of the capability, being able to fulfil the requirement. The experts stated that the
software services that they used (of IBM Watson) are not all of the same quality or robustness. The
maturity levels of these software services can thus differ.

7.5.1.4 Assessment of the Conceptual Design Process

Besides these notions of the experts on the distinct components of the CDP, the round table discus-
sion also resulted in some general remarks about the CDP as a whole (see Figure 7.7 for the total
structure of the CDP). The experts agreed on the fact that the CDP provides end-to-end insights in
the possibilities of AI software in a business process. The CDP supports this exercise with its struc-
tural character, identifying the potential of AI objectively. For developers of AI solutions in business
processes, it decreases the freewheeling behaviour which is present in the design process without ex-
plicitly formulated guidelines. In addition, according to the experts, the CDP in the end contributes
to help client organisations to identify the potential added value of AI for their business processes, in
a methodological structured way, before investing (heavily) in software and/or projects that are not
feasible. Furthermore, the methodical character of the CDP ensures that the conceptual design is made
explicit. The documentation of the executed conceptual design process thereby serves as justification
of the design choices made during the design process to the client.

The explicit details and structural character of the CDP is being praised by the experts, although
it is also recognised as a potential fallback. This is due to the fact that in practice, it is an extensive
process to go through. The question that is asked is if this much detail significantly increases the
added value of the CDP for use in real projects. The experts therefore recommend to assess in further
research if a light version of the CDP as presented here is of about the same value. If so, a light version
of the CDP can be constructed from the detailed version of the CDP as presented here. At least, and
backed by the participants of the round table meeting, the structure and level of detail of the CDP
makes sure that a designer will not be able to miss a step in the design process. Although the designer
can choose to skip a design step or design activity, the CDP compels the designer to at least think
about it.

According to the experts, the CDP components together form a logical and consistent whole. To
their knowledge, the design activities in each sub-design process seem to be clear and usable in different
cases. This accounts for the universal applicability of the CDP. They found it particularly useful that
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the CDP indicates how much design activities exist and have to be conducted. It thereby provides also
knowledge about when a particular sub-design process is completed, as well as the final conceptual
design of a solution. Hereby, the CDP is considered to be methodical in its essence.

Another strong point of the CDP acknowledged by the experts is the fact that the CDP is able to
grasp and explicitly formulate the implicit and explicit knowledge about how to perform tasks and
processes, present in a business process and particular tasks in the business process. Until know, the
experts found it hard to identify and specify the implicit knowledge that is present in an organisation,
embodied by its people. This also counts for the implicit knowledge about potential solutions, which
is in the CDP covered by the DPC. This denotes the context-awareness of the CDP.

As stated earlier in the validation of the CRDP, the experts state the human-centric perspective taken
by the CDP as valuable, next to its focus on cognition from a systems perspective. However, due to this
view on the design of a solution, the CDP constructs solutions from within certain solution boundaries,
set by the situation of the business process as it is in know. It does not take a to-be perspective, and
from there reasons back to the means that are available to fulfil the requirements set by the envisioned
state of the solution. This is considered by some experts as a fallback of the constructed CDP.

As encountered in executing the case study, people working in the claim process interviewed for the
design process did not feel threatened by the content and form of the analysis of the cognitive activities
they performed. Thereby the CDP is on this point considered to be aware of the context it is performed
in. Besides, data is a factor in the design process that is considered by the experts to ‘make or break’
possible design possibilities and thereby final (conceptual) designs along the way of designing cognition
enhanced business processes. They acknowledge the importance of a component of the DAQA in the
design process. This also accounts for the context-awareness of the CDP.

As explained in Chapter 3 to 6, changes in the design do occur when the CRDP, CCDP and CPDP
are executed by different designers. Besides this, variety in the result of CDP can also be caused by the
DPC and/or DAQA. For example, different designers interpret design objective and control process
evaluations in a different way, resulting in different design strategies. The DPC provides the designer
space to executes the CDP in the way that he or she thinks is best, shaping the solution in a particular
way. This also holds for the DAQA, where different designers can focus on different data quality aspects
that he or she thinks is of importance. In these ways, the flexibility of the CDP is also covered in the
DPC and DAQA components.

7.5.2 Validation of Conceptual Design
To validate the (first steps of the) conceptual design such as it results from the CDP, a second case
study is used. This second case study also entails a claim assessment process of a health insurance
company. In this case study, the three design sub-processes CRDP, CCDP and CPDP have been com-
pleted, resulting in a list of cognitive possibilities for that particular business process. This validation
therefore presents its findings according to these three sub-design processes, concluding with some
general notions on the validity of the process. As mentioned before, the DAGSP is not in scope in this
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research, and therefore also not addressed in this validation.
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Figure 7.9: Schematic outline of the validation of the conceptual design

Before continuing to the results of the validation, a short description of the case study is provided
here. In general, this case study is similar to the characteristics of case study 1 in that it also is
a claim-assessment process, assessing health insurance claims if they should be reimbursed or not.
However, the two case studies are different in the way that they exist in two different health insurance
companies, and therefore comprise different people, systems and processes. Hence, this case study can
be used to validate the CDP if it indeed results in valuable outcomes for the business.

The validation is conducted with three persons of the insurance company and one business-AI
analyst of the consultancy company Jibes. Of the insurance company, two interviewees hold positions
in the Medical Assessment department of the organisation, responsible for claims that comprise health
support tools: a claim assessor and an advanced assessor. The claim assessor (CP) is part of the
processing team, actually assessing claims from start to finish. The advanced assessor (AP) advises
the processing team with medical substantive matters, and is responsible for the periodical checks of
claims, maintaining and updating protocols, e.g. work instructions, and the higher level assessment
of cases (claims that belong to the same case). The third person that is been interviewed to assess
the validity of the conceptual design is an internal adviser (IA) on strategy and development of the
business, currently participating in (internal) projects to determine the value of Artificial Intelligence
for the business. From the consultancy company, a business-AI analyst (BA) that participated in
a project to build an AI solution for the insurance company is also used as a source of information
regarding the validity of the Conceptual Design deliverables.

7.5.2.1 Validation of CRDP

In Appendix D, the three deliverables of the Cognitive Requirements Design Process are documented:
the Business Process Model of the claim assessment process, the Cognitive Demands Table of the
Cognitive Task Analysis, and the Cognitive Requirements table as the end result of the CRDP. The
main question here is to assess the validity of these deliverables of the CRDP executed in this case
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study. That is, are these deliverables established objectively, and do they result in added value to the
business and the CDP as a whole in the end.

The Business Process Model is constructed based on an interview with the IA and validated afterwards
with the BA of the consultancy company. Since Business Process Modelling is a mainstream practice
in the business community as well as the scientific community, this deliverable is regarded as relatively
straight forward in the CRDP. This step is furthermore not of high importance for the resulting
Cognitive Requirements of the CRDP, it mainly provides the designer with a sound overview and
decomposition of the business process at hand, providing relevant general information about the process
and indicate about which concepts substantive knowledge is required such that the next steps of the
CRDP can be executed properly. The final version of this deliverable is checked by the IA and BA
and judged to be objective. Furthermore, they stated that it is a valuable step to execute, because it
provides an overview of the possible tasks for further study in the CDP.

The Cognitive Task Analysis is conducted with the CP and the AP. Relative to the previous
addressed Business Process Model, the Cognitive Task Analysis is a less straightforward method to
perform. Some prior study on how such an analysis should be conducted is necessary. There should be
mentioned that this analysis inherently comprises subjective judgement of the designer. However, after
validation with the IA of the insurance company, the Cognitive Task Analysis is considered to result
in interesting insights in the cognition that is required for executing the task(s) of the business process
at hand. Furthermore, the BA stated that this analysis does result in insights that are objectively
satisfying.

The last step of the CRDP entails the refinement of the outcomes of the Cognitive Task Analysis
into the cognitive requirements. This step is meant to more precisely formulate these requirements of
the cognition necessary to perform the task(s) in the business process. Therefore, this step actually
helps to improve the degree of objectivity of the cognitive requirements. The BA recognises the value of
this step to refine the results of the Cognitive Task Analysis, mainly because it will serve their purpose
in a better way: the matching of the cognitive requirements to the cognitive capabilities, formed in the
next design sub-process.

Overall, the CP, AP and IA acknowledged the correctness of the content of the deliverables, which
serves a quick verification. Furthermore, the IA stated the value to the business of the whole CRDP,
since it provides insights in the cognitive aspects of the business process under study. However, the IA
indicated that the Cognitive Task Analysis would result in more valuable insights if the analysis would
be refined and adjusted more specifically to the type of process it is conducted on. This adjustment
exercise of the Cognitive Task Analysis is not performed in this research, but seems as a valuable thing
to do regarding the goals of the CDP. It is therefore discussed in the further research section of this
thesis (see Chapter 8).

7.5.2.2 Validation of CCDP

In this case study, IBM Watson software is selected on forehand in the project to construct a proper AI
system for the claim assessment process. This case study is therefore the same as the case study used
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in this research for illustrative purposes. For the elaborate description of the extraction of cognitive
functions from IBM Watson software services, the same information is therefore used. This information
can be found in Appendix C. The main question here is to assess the validity of the decomposition of
IBM Watson services to its cognitive capabilities as is performed in the Cognitive Capability Design
Process. That is, if this decomposition is performed objectively, and resulted in added value to the
business and the CDP as a whole.

For this part of the validation, the BA is questioned about his thoughts concerning the results of
this exercise. The decomposition of the AI software is experienced as a valuable exercise, since it
provides information about the functional capabilities of the software services, examples how it will
function, identifies the formal (scientific) fields of which the services, and the cognitive aspects that
each individual service can deliver, i.e. its cognitive capabilities. These insights are not yet found in
other sources of information as specific as the CCDP for business processes. It is therefore considered
to be valuable for the business. Because the CCDP holds a crucial position in the CDP, namely the
supply of the capabilities of the to be designed (software) system, it is found also valuable for the CDP
as a whole.

7.5.2.3 Validation of CPDP

The Cognitive Possibilities Design Process entails the matching of the cognitive capabilities, the out-
comes of the CCDP, to the cognitive requirements, which are the outcomes of the CRDP. The CPDP
is important to the overall CDP, since the CPDP delivers the (final) outcomes of the whole Conceptual
Design Process as addressed in this research. The CPDP provides the outcomes of the first three steps
of the conceptual design phase which are addressed in this research, and thereby the final outcomes of
the CDP as constructed in this research. However, they are thus not the final outcome of the formal
conceptual design phase. The main question here is to assess the validity of this matching process of
the CPDP by indicating its objectivity and value to the business.

The objectivity of the results of the CPDP is to assess by means of questioning the BA. This person
stated that the results of the CPDP are to some extent objective, although the character of this
matching exercise is rather subjective. Proper documentation and discussion of the (intermediate)
results with peers support the objectivity of the CPDP. To be clear, the CPDP as presented in this
research is not foolproof, since it does not provide a detailed road map that fully voids improvisation,
creativity, etc., i.e. the design skill(s) that a designer is expected to have.

The value to the business of the CPDP is to assess through questioning the BA. The BA stated
that the cognitive possibilities resulting from the CPDP are of value, if the matching of the cognitive
requirements to the cognitive capabilities is properly done. More specifically, the results are of value for
the business, in that they comprise the possibilities of AI software to possibly and ultimately increase
the efficiency and consistency of the claim assessment and decrease the number of errors made in this
assessment. However, the assessment if these possibilities indeed result in these envisioned business
goals is outside the scope of this study.
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7.5.2.4 General Remarks

Besides the validation of the three components of the resulting Conceptual Design from the CDP, some
general remarks are presented here. The BA of the health insurance company characterised the focus of
the CDP as human-centric, since it specifically addresses the cognition used in the business process by
people. Therefore, he recognises the potential supportive role of designed, developed and implemented
(cognitive) systems to people executing tasks in the process at the moments where it is really needed.
Furthermore, the BA acknowledged that the support or (partial) automation of activities within a
task has the potential to decrease the number of moments where cognitive skills are performed while
being unnecessary. In both ways, the BA thus states that utilising the CDP generates an overview of
the possibilities for an enhancement of the cognition of the business process as a whole by means of
integrating AI software to a (still) unknown extent. Recall that the level of cognition enhancement of
a business process is outside the scope of this research.

However, the BA also states some criticising notions. Namely, AI is not always the solution to op-
portunities to improve the business process. For example, in many ways the business process benefits
more from very strict rule-based solutions, which have the advantage above more fuzzy solutions such
as machine learning models. The criteria of reproducibility and traceability play an important role
here. Furthermore, he questions the as-is oriented analysis performed in the CRDP, since it describes
the current situation of the business process. However, in the first place, it could be that the process
itself can be improved by optimisation projects, resulting in a different kind of process. Extending on
this, the to be designed, developed and implemented system as envisioned, will also require a different
business process. That is because the way of working (due to this new system) will change. These two
points are however outside the scope of this research and thus not addressed.

7.6 Chapter Summary
To conclude, the CRDP, CCDP, CPDP and DAGSP can be merged such that they form the conceptual
design process envisioned in Chapter 1. The first design process addresses the whole process of analysing
a Business Process and formulating its Cognitive Requirements. The CCDP addresses the analysis of
the (chosen) AI software and formulating its Cognitive Capabilities. The outcomes of these first two
design processes can be matched to each other, such that the opportunities for AI software in the
considered Business Process can be identified and described. The last design process, DAGSP, finally
generates and selects a feasible design alternative, but is not covered by this research.

These four design processes are overseen and managed by a fifth of the Conceptual Design Process,
which is Design Process Co-ordination. DPC determines and controls the strategy of the design process,
making sure that the design objectives will be met by managing the design activities of the conceptual
design sub-processes. At last, the sixth component of the CDP is the Data Availability & Quality
Assessment component. The DAQA ensures that, during the design process, the design fits to the data
available and its quality.

When this final design is developed and implemented in a proper way, the cognition utilised in
the business process will (partly and to some degree) be enhanced. However, the development and
implementation phases are not part of this research and thus not addressed. The value of the CDP
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and its usefulness for system designers are assessed by means of a case study and expert workshop.
Based on these validations, the conceptual design process is found to be effective, useful and usable to
a large extent.
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8 | Conclusion & Reflection

In this chapter, the conclusion of this research is presented in Section 8.1 by providing an answer to the
main research question. The answer to the main research question is formed by tackling the research
issues presented in Chapter 1 in Figure 1.5, which is done in the previous chapters of this research.
Next, a critical reflection on these conclusions is presented in the rest of this chapter. Section 8.2
discusses the limitations of this research and the possibilities for improvement. Next, a number of key
insights generated by this research are formulated and described in Section 8.3. Together with the
conceptual design process, theses insights form the outcomes of this research. The insights thereby
contribute to achieve the objective pursued in this research, as presented in Chapter 1. Thereafter,
the possibilities for future research of cognition enhanced business processes are briefly described in
Section 8.4. Section 8.5 concludes this chapter and thesis by presenting recommendations to the
business community regarding the design and development of Artificial Intelligence-driven systems in
business processes.

8.1 Conclusions
After an exploratory phase of formulating a valuable and feasible problem to tackle, the main research
question of this research raised in Chapter 1 is worded as follows:

Can a conceptual design process of knowledge-intensive business processes be
created, such that the cognition utilised in the process can be enhanced by
integrating Artificial Intelligence software?

The answer to this main research question is that such a conceptual design process can be created,
where the research described in this thesis acts as proof. The conducted research delivers a conceptual
design process that consists of six components, displayed in Figure 8.1.

Four of the components of the conceptual design process comprise design steps to construct a
conceptual design of cognition enhanced business processes. First, the Cognitive Requirement Design
Process (CRDP) entails the extraction of the cognitive needs of a business process in the current
situation. These needs are formulated into functional requirements for the cognition utilised in the
business process to ensure proper business operation, so called cognitive requirements. The CRDP can
be conducted by performing the following five steps:

1A. Decomposing the business process to tasks and roles and formulating stakeholders’ requirements
1B. Collecting preliminary domain knowledge
1C. Identifying sub-tasks and types of knowledge that are required to perform the tasks under review
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Figure 8.1: The conceptual design process constructed in this research, of which the light grey
striped component is not studied

1D. Extracting the cognitive activities from the tasks at hand
1E. Formulating cognitive requirements based on the cognitive activities extracted

Second, the Cognitive Capabilities Design Process (CCDP) of the conceptual design process estab-
lishes the functionalities of an AI software package under review that express a cognitive skill. These
functionalities are formulated into so called cognitive capabilities. The CCDP can be conducted by
performing the following four steps:

2A. Decomposing the selected AI software to its services
2B. Identifying the corresponding methods and techniques for each service
2C. Establishing the cognitive functionalities of each service of the software
2D. Formulating cognitive capabilities based on the cognitive functionalities established

These two design processes are input for a third component, the Cognitive Possibilities Design
Process (CPDP), in which the requirements from the CRDP and the capabilities of the CCDP are
mapped to each other, possibly resulting in match. These matches lead to a set of possibilities for AI
software to fulfil the cognitive requirements of the business process. The CPDP can be conducted by
performing the following three steps:

3A. Categorising the cognitive requirements and cognitive capabilities by cognitive function
3B. Structurally matching the cognitive capabilities to the cognitive requirements
3C. Analysing each potential match and formulating the rationale for each match
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The outcomes from the CPDP can be used to draft a set of design alternatives of AI-driven
business processes, which can then be refined and assessed based on pre-defined metrics. On these
metrics the best scoring design alternative can be selected to draft a subsequent preliminary design.
These design steps form together the Design Alternative Generation & Selection Process (DAGSP) of
the conceptual design process. Due to time constraints, the DAGSP fourth design process is left out
of the research scope and therefore not unravelled in this research.

To construct a coherent conceptual design process next to these four sub-design processes, this
research found that two other components should be included in the conceptual design process. First, a
component responsible for the co-ordination of the design exercise when utilising the conceptual design
process is considered essential and therefore created, called Design Process Co-ordination (DPC). This
component is present on a more strategic level than the components mentioned before, executing the
strategy of the overall design process by allocating resources (such as time and information) amongst
the sub-design processes. Second, the component Data Availability & Quality Assessment (DAQA)
completes the conceptual design process created in this research, covering the specific need to ensure
that the design being created fits the data present in the business process and thus its context. The
DAQA thereby finds itself on a more operational level than the sub-design process components of the
conceptual design process.

The six components identified, studied and specified in this research form together the final conceptual
design process and thereby the main deliverable of this research. The conceptual design process in-
dicates that conceptually designing cognition enhanced business processes can be done by identifying
and matching the requirements of the business process and capabilities of AI software scrutinised from
an integrated systems perspective on cognition, to generate design possibilities. A project aiming to
draft a conceptual design of a business process that leverages an AI driven software system can utilise
this conceptual design process and/or the components it consists of.

The conceptual design process is created based on two case studies comprising a claim-assessment
process of health-insurance companies. After validation, the conceptual design process is viewed to be
applicable to assessment business processes, which indicates its universal applicability to processes with
the same characteristics. Furthermore, attributable to its methodical nature, the conceptual design
process is considered to provide to some extent rigour to a conceptual design exercise, limiting the
design process to freewheel to improper preliminary designs.

8.2 Limitations
This research assumes that, when enhancing the cognition of a business process, the business process
will be improved. In what way the business process is improved depends on the objective of the cog-
nition enhancement project (see Section 2.2). However, this assumption on which the CDP is built on
is a first noteworthy limitation of this research. In essence, the CDP considers the possibilities for AI
software to transfer the performance of cognition in the business process from humans to machines.
However, one-on-one replacement of humans to machines is technically not (yet) possible. Therefore,
when transferring cognitive activities in a business process from a human to a machine, additional
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changes have to be made to the business process in order to realise such an improvement. One cannot
consider cognition solely to realise such an improvement in the operation of a business process, sliding
the level of cognition between a human and AI system. There are more aspects that, intentionally or
unintentionally, will change when such an improvement is designed. This is considered as a fallback of
the CDP created in this research.

A second important limitation of the perspective taken by the conceptual design process, is that it
approaches the conceptual design of a system from an ‘as-is’ perspective or current state viewpoint. In
other words, the point of departure of the conceptual design process towards a new system is within
the boundaries of the current business process, considering the objectives of this existing business
process. More specifically, the conceptual design process studies first the cognition that is present
in a business process, thereby considering the current state of the business process. Thereafter, the
resulting cognitive requirements (established from this ‘as-is’ perspective) are taken into account in
the process that matches these requirements to the capabilities of AI software.

However, one can also approach the design of a new system from a ‘to-be’ perspective or future
state viewpoint. This perspective questions the framework of the current situation in which systems
can be developed. More specifically, it does not take into account the current cognitive needs of the
business process; it designs a systems with the cognitive capabilities that are needed in the future
state of the system. It thus could be that different cognitive capabilities are needed for this future
state compared to the cognitive capabilities that are needed in the current state. In addition, such
a new designed business process could even totally abandon all tasks and activities it comprised of,
bringing into play a more extensive or even radical change of operations within the whole organisation.
The conceptual design process created here is not accommodated to this ‘to-be’ perspective, which is
mainly due to time constraints and the fact that the very concept of AI-driven solutions for business
processes is not yet widely studied in literature.

Talking about these two different perspective on the transformation of a business processes to its
enhanced state, it results in a noteworthy distinction of (business) objectives for such a transformation.
When taking an ‘as-is’ perspective, one approaches this transformation of a business process as an
improvement of the current process (by enhancing the cognition in the process). That is, views the
business process as it is now and pursues to find possibilities to optimise the business process. Taking a
‘to-be’ perspective can lead to a design from scratch of the business process, designing a new version of
the business process from the ground up. This approach does not remain true to the current structure
of the process. Instead, it questions the structure and existing frameworks (see Chapter 1).

This research focuses on the cognitive aspects of an existing business process, which is an as-is
situation. Although, I argue that these cognitive aspects are very different in the to-be state than
in the as-is state, because the same cognitive skills have to be performed to achieve the goal of the
business process. For example, in the claim-assessment process, also in the to-be situation still a form
of perception of information is needed, as well as information processing, goal generation, knowledge,
judgement and decision-making. It may be to another extent, but it will be there in some way. The
cognitive systems perspective taken to design of the conceptual design process is considered to be the
reason why this as-is approach is chosen, to search for solutions within the existing frameworks, instead
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of looking beyond its boundaries.

Another important limitation of this research that has to be mentioned concerns the perspective of the
conceptual design process towards the establishment of the system under design. As embodied in the
different design components, the conceptual design process comprises, it does not consistently use one
perspective from begin to end. The first sub-design process (CRDP), described in Chapter 1, entails
the extraction and formulation of the cognitive requirements of the business process under review.
Here, it takes an integrated (human- and machine centric) perspective as raised in Section 2.1 and the
integrated systems perspective on cognition as elaborated in Section 3.2 and applied in Section 3.3.

However, the second sub-design process (CCDP) abandons this integrated perspective, only con-
templating AI software as a possible source of cognitive functionalities. The perspective taken in the
CCDP is constructed from a solely machine-centric perspective. Further in the conceptual design
process, these machine cognitive capabilities are matched onto the cognitive requirements that are
established from an integrated perspective, as mentioned earlier. Therefore, this matching principle
actually only concerns if machine functionalities can be mapped onto the requirements of the cognitive
systems-level. It thus neglects any possibilities for humans to fulfil these requirements. Hence, the
conceptual design process only delivers a way to study which cognition in the business process can be
automated by (AI) software, only partially taking an integrated perspective on the conceptual design
of cognition enhanced business processes.

Another limitation of the approach taken to construct the conceptual design process at hand is that it
solely took a bottom-up approach, reasoning from the tasks in a business process about the possibilities
of the role AI software could play. Hence, this conceptual design process does not take into account
the grand business objectives. This would be found in a top-down approach. Although the conceptual
design process takes into account the stakeholders requirements in the first design step of the CRDP
(Section 4.1), they only comprise the needs regarding the conceptual design.

However, the design sub-phases prior to the conceptual design phase and also prior to the system
design phase cover more of the organisational objectives, which should not be neglected. Proper un-
derstanding of these grand objectives can be used as input for a feasibility study to select the right
design alternative in the DAGSP of the conceptual design process.

This reflection also has to call into question the use of Cognitive Systems theory in this research, the
field that designs, constructs, and studies computational artifacts that exhibit the full range of human
intelligence (Langley, 2011). Firstly, because the Cognitive Systems paradigm it describes is not (yet)
widely supported in scientific literature. Some prominent scholars argue that this paradigm is able to
tackle more sophisticated challenges currently present in the interdisciplinary fields of intelligence and
cognition (Psychology, Computer Science, Systems Engineering, et cetera) (Langley, 2012; Heylighen,
2011). However, it also has to deal with resistance, opposing Cognitive Systems theory due to its
abstract, conceptual and incomplete nature.

This research used the Cognitive Systems theory for the categorisation of the cognitive require-
ments of business processes and the cognitive capabilities of AI-driven software by cognitive function,
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such that they can be matched. However, its use in and value to this research does not end here, and
is not just practical. More particularly, the Cognitive Systems theory is used as ‘a pair of glasses’ to
take a new perspective on business processes and intelligence present in these business processes. The
underlying thought thereby is that the theory can be utilised to identify and reason about the cognitive
aspects of business processes, which can contribute to the understanding of designing of more intelli-
gent business processes. On the other hand, one could also call this part of the theory’s contribution
to this research somewhat superficial, since it is not very tangible. This reasoning should indeed not
be ignored, and scientific discussions on this topic is therefore necessary. Although, as postulated by
Maslow (1966), “[...] [researchers should] not [be] afraid of hunches, intuitions, or improbable ideas.
All of this is exemplified in the greater versatility of the great scientist, of the creative, courageous, and
bold scientists”.

The conceptual design process can be utilised to generate possibilities that indicate a potential fit of
the functionalities of an AI software package to the cognitive requirements of a business process. It
has drafted this conceptual design process under the assumption that when the cognition of a business
process is enhanced, it would likely result in a more efficient and/or effective way. However, this
is questionable, since the conceptual design process is not tested and assessed this particular effect.
Therefore, a desired improvement to the conceptual design process as delivered in this research would
be to study, elaborate and describe the DAGSP in detail. The conceptual design process would then
take into account to what extent the software will fit the particular requirement(s), while generating
design alternatives. Furthermore, it would indicate the performance of that possible solution. With
that information, a feasibility study of a design alternative can then assess how valuable the design
alternative would be to the business, what investment decisions would be needed to develop, implement
and maintain the new systems, et cetera. Based on such a feasibility study, a design alternative can
be selected for further design. Due to the time constraints of this research, this should still be studied.

Besides the choice for Business Process Modelling, the use of the Applied Cognitive Task Analysis
(ACTA) is argued in Chapter 4. An experimental study to select the most appropriate Cognitive
Tasks Analysis (CTA) method and technique(s) for the constructed conceptual design process is not
conducted in this research. Partly for this reason the choice for ACTA can be criticised. Furthermore
because literature on CTA and ACTA states that results of such techniques are influenced by the in-
terviewee(s), since they are probably biased towards the goal of the new system. Besides this, they can
have problems articulating their thoughts (on which ACTA heavily relies) due to the fact that people
often cannot describe everything they know (Clark et al., 2006). This makes completing a valuable
Cognitive Task Analysis challenging. Because one cannot design a system well if you do not know its
aspects and environment, the ACTA used in this research forms a limitation of the conceptual design
process. To cope with this limitation, literature suggests to aid expert performers in communicating
their cognitive processes by using techniques such as card sorting, process tracing or concept mapping
(Clark et al., 2006).

To conclude this section, some notions on the approach Research trough Design (RtD) are presented.
The RtD approach steered the process of constructing (designing) the conceptual design process. It

106



Cognition Enhanced Business Processes

provides a way of researching that has an exploratory character, resulting in insights that go beyond the
main subject of interest. This somewhat freewheeling character is at the same time a downside of the
approach, since it does not provide rigorous guidance during the research process. Documentation of
the research process that provides insight in major design and research decisions is therefore essential for
the scientific reproducibility of the research. However, no guidelines for conducting and documenting
the research process of a RtD are present in literature. In this research, an attempt was made to keep
track of the research process to the best of the researcher’s ability to cope with this limitation. How
the RtD process developed in this research is described in Appendix A. Note that the constructing the
conceptual design process was not as straightforward as it is described in this thesis.

8.3 Insights Generated by this Research
This research utilised the RtD approach to generate research insights by performing a design exercise.
This research created the conceptual design process presented in Section 8.1, which is considered as
the main deliverable of this research. However, characteristic for RtD, this research has produced more
insights than only the presented CDP. The insights are generated by reflecting on the design process
of the conceptual design process, and this design artefact itself.

This section presents and describes these generated insights. This set of insights is another main
contribution and deliverable of this research. The insights contribute to achieve the objective pursued
in this research to strengthen the scientific understanding of knowledge-intensive business
processes of which their cognition is enhanced by integrating Artificial Intelligence soft-
ware, and support their development. In addition, these insights are a prelude to the suggestions
for further scientific research in Section 8.4 and the recommendations to professionals designing, de-
veloping and implementing AI systems within business processes in Section 8.5.

A human-centric perspective can be valuable for the design of AI-driven solutions, to
construct intelligent business systems
Because computer technology is not near autonomous intelligent systems by itself at this point in time,
no commercial software package brings of-the-shelf intelligence that businesses can leverage. Therefore,
a human-centric perspective is still crucial for proper design of intelligent systems that businesses can
use. With such a perspective, problems regarding intelligence in organisations can be identified and
challenged, because one takes into account the problems human beings encounter during their opera-
tions. The conceptual design process starts of with a decomposition of a business process to identify
problems in the operation that could potentially be solved with an AI-driven system. Via this way, AI
technology can provide value to the business.

Examining the cognition utilised in a business process can support the identification of
the potential to smarten its operation
If one aims to increase the level of intelligence leveraged in a business process to better achieve its goals,
cognition expressed in a business process can be examined. Scientific literature states that intelligence
is a subset of cognition. This research shows that investigating cognition utilised in an organisation is
valuable for the design of an enhanced claim-assessment process. Cognitive functions are still mostly
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expressed by human beings, which play important roles in business processes. Investigating the cog-
nition a business process utilises can result in valuable insights where improvements can be made to
improve its operation.

An integrated systems perspective on cognition (i.e. cybernetics) can be a valuable per-
spective for the design of AI solutions in business processes
Combining a human-centric perspective and the already considered machine-centric perspective brings
an integrated perspective, as argued by scholars described in Chapter 2. Since a business process can
be viewed as a system, an integrated systems perspective on cognition provides a way to examine
the cognition utilised in a business process. This research uses this perspective, and considers the
perspective as insightful, providing a new way to scrutinise where in the organisation automation is
of value. Literature about this perspective and design of such systems is found in Cognitive Systems
theory (Langley, 2011; Heylighen and Joslyn, 2001; Brachman and Lemnios, 2002). Furthermore, it
provides a way to identify the entities, playing a role in the business process, that express cognition.
It also provides a way to identify the particular cognitive skills that can be enhanced in the business
process.

An integrated systems perspective on cognition can provide potential lean improvements
in an organisation
Continuing on these insights on cognition enhancement, an integrated systems perspective on the cogni-
tion utilised by business processes can potentially identify room for improvement for lean optimisation.
For example, it can identify that current operations are using ‘Optical Character Recognition’; tech-
niques to scan images, rather than making sure that that same information is provided to the process in
a digital textual way (in the cognition systems theory classified as perception). Another example would
be a machine learning model that assesses all claims in a few seconds and extracts the claims that have
a high confidence to be approved. Removing these type of claims from the general assessment operation
creates more time for the assessment of claims that deserve more time by the human expert (in the
cognition systems theory classified as reasoning or information processing). Such improvements con-
cern the reduction of ‘cognitive waste’ (which is a lean improvement), thereby decreasing the cognition
expressed in the operation that is in essence is not a contribution to to the business process’s objective.

More focus on the conceptual design of AI solutions for business processes can lead to
better designs and thus better solutions
This research found that the conceptual design of AI driven software system in a business process seems
to be skipped often in the design process. The conceptual design phase is very important for the design
of a solution/system, since it gives birth to ideation, the generation of concepts that could achieve the
preset objectives. It identifies the major functional requirements and the means for achieving them
(Dym and Little, 2010). The conceptual design provides insights what the possibilities are for the
business process to leverage AI technology.

Considering the current state of practice, optimising the current operations through
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cognition enhancement by integrating AI software should be preferred over a complete
re-design of the business process itself
During this research, I noticed that a complete re-design of businesses regarding their cognition would
likely be too radical for organisations that are just exploring the possibilities of AI for its business.
Optimising the current operations is accepted by the organisation, since people generally do not like
change and have conflicting interests (de Bruijn and Heuvelhof, 2012). With little steps one can re-
design the business process to embrace a cognitive system, but this takes time. This is also observed
in the business community at this moment in time: projects that are running now are mostly Proof-
of-Concepts types of projects. These are short projects that quickly deliver, to some extent, functional
prototypes by going through the design phases very quickly. Solutions that support people can serve as
a prelude to more radical solutions, for example by going from white-box solutions to more black-box
solutions. Stakeholders have to cooperate, but likely may be reluctant due to newness of AI and its
accompanying possible unknown consequences to their trusted environment.

At this moment in time, no single commercial AI software package can deliver all possi-
bilities for AI-driven systems for organisations
AI software package IBM Watson software is considered by experts to be one of the most promising
commercial AI tools. In this research, I noticed that IBM Watson mainly comprises textual processing
capabilities. It seems thereby not (yet) as a sophisticated toolkit for the design of intelligent business
systems. Besides, the design of such systems should not instantly focus on the functionalities of such AI
software packages, since it limits the design space for valuable solutions for an organisation. Multiple
toolkits should be considered and assessed regarding the selection of the most valuable and feasible
solution for the business.

Data availability and data quality are essential for the proper design of AI-driven intelli-
gent systems
High data quality and data availability are considered to be important for the proper design of AI-
driven intelligent systems, since those system rely on this data/information in almost all of their essence
and it thus plays a crucial role. One can design and develop the best quality systems, but if the data
are not there or of the desired quality, they are useless. The conceptual design process supports the
identification which data (implicit and explicit knowledge and information) are needed for a particular
solution. Based on this identification, a concurrent study can be conducted to assess to what extent
this information is (already) available in the organisation. Experts state that many organisations did
not store relevant and valuable information in the past years. This is considered to be the effect of an
information problem, since in the past organisations did not know what data in present time would be
of value and thus did not know what data to collect.

The health-insurance domain is, to some extent, a suitable environment for the applica-
tion of AI software systems
Continuing on the topic of information and data, the domain of health and more specifically health-
insurance is considered to suitable for the design and development of AI software systems. This is
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because the domain comprises a lot of both implicit and explicit knowledge, i.e. information, i.e.
(unstructured) data. However, almost all of this unstructured data are structured according to codes,
rules, categories, etc. That leads to a relative low granularity of the data available, which makes the
design and development of intelligent systems a challenge. Application domains that as well operate
using a lot of implicit and explicit knowledge, information and data are considered to be viable domains
to apply AI software to.

Besides knowledge, products such as dictionaries and visual models relating to AI-driven
systems in organisations, can support their design and development
Concepts relevant to the design of AI systems for business process are studied and described in this
thesis. This information can be used for the creation of a dictionary specifying terms and concepts
of this topic, which can foster the shared understanding amongst stakeholders. Besides, while ac-
tively contributing to projects aimed to design AI solutions for business processes, a schematic model
describing different levels of AI systems solutions for organisations is drafted. This model is meant
for and used by AI system solution professionals to better communicate with their clients and other
stakeholders in corresponding projects. It can be found in Appendix E of this thesis. Both products
of this research thus support the design and development of AI system solutions in business processes.

8.4 Suggestions for Future Research
Although this research has generated insights and created knowledge regarding the design of cogni-
tion enhanced business processes by utilising AI technologies, it also has raised many new questions
regarding this topic. Future research can aim to tackle these questions to further strengthen the under-
standing of knowledge-intensive business processes of which their cognition is enhanced by integrating
Artificial Intelligence software. Most suggestions for further research stem from reflecting on the con-
ceptual design process created in this research and from the insights generated through this process of
creation. A number of suggestions for further research are presented and described below.

• Extending on what has been said about the difference between an ‘as-is’ and ‘to-be’ approach in
Section 8.2, the conceptual design process created in this research is not constructed to design
a complete new business process from the ground up. However, creating a conceptual design
process that is able to support the design of these types of designs would be valuable, since such
a design of AI software systems in business processes is considered by the experts, that partook
in the validation process of this research, to have the largest impact. Future research can explore
how this ‘to-be’ state should be determined and how a conceptual design process can look like.

• As mentioned in the reflection in Section 8.2 on the concept of cognition enhanced business
processes, further research should be conducted to study the aspects and/or elements in a business
process that change with a cognition enhancement of that business process. This research can be
conducted by performing the conceptual design process created in this research and investigate
which aspects and/or elements of the business process under design change, identify what causes
these changes and to what extent they are harmful for the design to fit its environment.
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• As indicated throughout this thesis, the conceptual design process is roughly assessed on pre-
defined criteria (see Section 2.2), which are considered to indicate proper conceptual design
process. After each component was created, a brief assessment of this component is done. How-
ever, how the CDP meets these criteria when actually used is not researched. Future research
can study the performance of the CDP constructed in this research in an empirical way, and
come up with improvements.

• As stated in Section 8.3 as a research insight, RtD can be a valuable approach to conduct scientific
research. However, as mentioned in the reflection in Section 8.2, it is an approach that has not a
rigorous nature. Furthermore, no practical guidelines exist in literature for conducting a RtD-led
approach. Future research can address this gap in knowledge by aiming to identify and formulate
such guidelines. This can be done by studying the research process of research that used RtD as
its approach.

• This research constructed a CDP by studying two claim-assessment process of health-insurance
companies. This research did not study if and how the conceptual design process can be applied
to other business process. Although the conceptual design process is formulated in such a general
way that it can be applied to other business processes, it is up to further research to determine
if it also leads to valuable results as it did here. Future research can thus investigate to what
extent the conceptual design process as delivered by this research can be applied to other domains
and subjects. Suggested is to start with a business process that has different characteristics as
claim-assessment processes, and investigates if the CDP holds.

• This research addressed the design of cognition enhanced business processes by creating a con-
ceptual design process. However, it does not say anything about the level of cognition that can be
improved. Further research can try to answer the question how to measure the level of cognition
of a business process. A follow-up question would be how much this level of cognition can be
enhanced when implementing AI-driven systems solutions.

• In the case studies used in this research the capabilities of IBM Watson are identified, which can
be used to fulfil requirements of, for example, a business process. However, reasoning backwards,
the capabilities that are missing in a software suite can be identified by scrutinising which require-
ments it cannot fulfil. Further research can study for a given software suite which capabilities
would be valuable to include.

• Section 7.4 elaborates on the need for assessment of data availability and data quality during
the process of design. However, it does not state when which type of data quality dimensions
or aspects are important, nor guidelines that one can follow to execute such an assessment in a
proper way. Further research can pursue to study these data dimensions regarding the design of
AI-driven solutions to create this knowledge.

• As stated in Chapter 1, enhancing the cognition utilised in business processes by leveraging the
support offered by a conceptual design process can be part of more comprehensive change projects
within an organisation. Process improvement projects embracing Lean management (eliminating
waste and ensuring swift) and/or Six Sigma (eliminating defects and reducing variability) focus
on optimising the current business process. The CDP created here is not designed and accom-
modated to such a co-operation with process improvement ways of thinking. This would be a
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valuable improvement of the CDP in a practical sense. Further research can thus address and
study the relationship of the CDP with process improvement approaches, such as Six Sigma and
Lean optimisation, to identify improvements of the CDP and to identify practical guidelines to
combine these approaches in a valuable way for the design of enhanced business processes.

The experience gained by conducting this research and an analysis of the process of this research by
the researcher and peers resulted in an additional study next to this research. The study delivers three
(practical) lessons learned how to conduct a RtD-led research. These lessons learned and argued in
the scientific article accompanying this thesis (see Reeker et al. (2016)).

8.5 Recommendations to the Business Community
The second part of the objective of this research is to support the development of knowledge-intensive
business process of which its cognition is enhanced by integrating Artificial Intelligence software. In-
sights generated in this research are therefore valuable for the business community, since organisations
are exploring the possibilities of Artificial Intelligence for their business. More particularly, the con-
ceptual design process delivered by this research is especially valuable to, for example, AI developers,
business analysts, solution architects and innovation managers of organisations which working on such
types of business process improvements.

Therefore, this thesis ends with presenting a number of recommendations to the business commu-
nity to support their design efforts regarding these AI-driven business solutions. The recommendations
are drafted based on the conclusion and generated insights of this research described in Section 8.1
respectively Section 8.3. These recommendations are presented and briefly described below.

• Focus during projects on developing AI-driven systems more on the (conceptual) design of pos-
sible solutions. Do not skip this phase by starting directly with the preliminary design phase or
development phase. Try to convince the organisation that the conceptual phase provides more
insights in the possibilities of AI for the business when used, which can result in better quality
designs, actively involving stakeholders in the whole design and development process.

• To date, little shared understanding about cognitive system’ concepts and technologies is present.
Actively participate as a knowledge creator in the field to enlarge the general understanding of
cognitive systems and what it means to design AI systems in business processes.

• The design alternatives that would result from the CDP are considered to be able to serve as input
for the generation of use-cases of AI systems in business processes. In the business community,
use-case development of AI technologies is regarded as difficult. Since organisations often value
the exploration of possible valuable business opportunities through development of use-cases,
these design alternatives generated by the CDP are a valuable starting point for discussion with
organisations interested in leveraging AI technologies and the use of AI software. The CDP
and/or its components are thus suggested to be used for exploring different use-cases of AI.

• Use and extent the decomposition of services of IBM Watson into methods, techniques and their
functionalities (resulting from execution of case study in Section 5.2) to gain better insights in
what this technology can bring to a business. Actively sharing this knowledge contributes to a
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further shared understanding of the possibilities of AI software systems by organisations, and
enlarges the group of organisations that consider this information sharer as a trusted partner for
developing commercial AI systems.

• Extending on the previous, establish and maintain an internal knowledge base available for design-
ers/developers, as well as an external knowledge base which is available to clients (subscription)
to improve and extend the shared understanding regarding AI solutions for organisations.

• Focus on the design and development of AI-driven systems that support cognitive functions
in business processes, not (yet) on farfetched automated solutions that replace these cognitive
functions, since those are hard to implement. This is caused by the fact that organisations
are still reluctant to full blown use of Artificially Intelligence, which results in hard to achieve
organisational change (de Bruijn and Heuvelhof, 2012). Progress step by step from rather small
projects/changes to the client’s organisations to more comprehensive solutions/changes. This
can be achieved by not only focusing on the design and development of solutions, but also, more
broadly speaking, on awareness of the client, the management of changes caused by technology,
and foster their knowledge on AI in organisations.

• In addition to the previous recommendation, prototyping is likely to be of great value in shorter
and smaller projects, and should thus be embraced. Investigate more the science behind proto-
typing to leverage best practises and insights from the academic field, such as the categorisation
of different ways and types of prototyping. For example, because prototype structures become
less suitable to its purpose due to constant change of its environment, long-term evolution of a
prototyped design to a mature implemented system is difficult. Therefore, after a prototype is
delivered to the client, do not continue with the prototyped solution – instead, start over.

• Try to focus on tacit knowledge in an organisation as well as knowledge explicitly available. Tacit
knowledge and corresponding intelligence, embodied in people in the organisation, is considered
to be of great value in the CDP for the design and development AI solutions. Since organisations
have a lot of tacit knowledge, special attention to this knowledge and corresponding intelligence
is suggested.

• To communicate more effectively with clients, one could categorise different AI-driven solutions
based on several criteria to enlarge the understanding of organisations what particular types of
solutions encompass. Examples could be human-centric vs machine centric design, degree of ac-
ceptation of the organisation, degree of radical change, support of human beings vs autonomous
operations, degree of optimisation, degree of automation, degree of data/information availability,
degree of data/information quality, etc. Examples of solutions are a self-service portal, a Ma-
chine Learning predictive model, et cetera. An example of a model that pursued to deliver such
a ‘talking board’ is created in addition of this research and can be found in Appendix E.

113





Bibliography

J. R. Anderson. The Architecture of Cognition. Cognitive Science. Taylor & Francis, 2013. ISBN
9781317759522. URL https://books.google.nl/books?id=Fr4eAgAAQBAJ.

W. Ashby. Principles of the self-organizing system. In H. Von Foerster and G. W. Zopf, editors,
Principles of Self-Organization: Transactions of the University of Illinois Symposium, volume 1,
pages 255–278, London, UK, 1962. Pergamon Press. ISBN 0080439578. doi: 10.1080/00221309.1947.
9918144. URL http://csis.pace.edu/{~}marchese/CS396x/Computing/Ashby.pdf.

M. H. Ashcraft. Cognition. Pearson international edition. Pearson Prentice Hall, 2006. ISBN
9780131982291. URL https://books.google.nl/books?id=bhynHQAACAAJ.

C. Babbage. Passages from the life of a philosopher. Longman Green Longman Roberts & Green,
London, 1864.

A. Bang, P. Krogh, M. Ludvigsen, and T. Markussen. The Role of Hypothesis in Con-
structive Design Research. The Art of Research 2012: Making, Reflecting and understand-
ing, pages 1–11, 2012. URL http://designresearch.aalto.fi/events/aor2012/

download{_}content/selected{_}papers/anne{_}louise{_}bang.pdf.

R. Brachman and Z. Lemnios. Computing Research News: DARPA’s New Cognitive Systems Vi-
sion. Computing Research Association, 14(5):1, 2002. URL http://archive.cra.org/CRN/

issues/0205.pdf.

S. Byford. Why is Google’s Go win such a big deal?, mar
2016. URL http://www.theverge.com/2016/3/9/11185030/

google-deepmind-alphago-go-artificial-intelligence-impact.

D. R. Chang. AlphaGo and the Limits of Machine Intuition, 2016. URL https://hbr.org/2016/

03/alphago-and-the-limits-of-machine-intuition.

R. E. Clark, D. F. Feldon, J. J. G. Van Merriënboer, K. Yates, and S. Early. Cog-
nitive task analysis. Handbook of research on educational communications and tech-
nology, pages 577–593, 2006. URL http://www.cogtech.usc.edu/publications/

clark{_}etal{_}cognitive{_}task{_}analysis{_}chapter.pdf.

B. T. Clegg. Building a holarchy using business process-oriented holonic (PrOH) modeling. IEEE
Transactions on Systems, Man, and Cybernetics Part A:Systems and Humans, 37(1):23–40, 2007.
ISSN 10834427. doi: 10.1109/TSMCA.2006.886343.

J. W. Coffey and R. R. Hoffman. Knowledge modeling for the preservation of institutional memory.
Journal of Knowledge Management, 7(3):38–52, 2003. doi: 10.1108/13673270310485613. URL http:
//dx.doi.org/10.1108/13673270310485613.

115

https://books.google.nl/books?id=Fr4eAgAAQBAJ
http://csis.pace.edu/{~}marchese/CS396x/Computing/Ashby.pdf
https://books.google.nl/books?id=bhynHQAACAAJ
http://designresearch.aalto.fi/events/aor2012/download{_}content/selected{_}papers/anne{_}louise{_}bang.pdf
http://designresearch.aalto.fi/events/aor2012/download{_}content/selected{_}papers/anne{_}louise{_}bang.pdf
http://archive.cra.org/CRN/issues/0205.pdf
http://archive.cra.org/CRN/issues/0205.pdf
http://www.theverge.com/2016/3/9/11185030/google-deepmind-alphago-go-artificial-intelligence-impact
http://www.theverge.com/2016/3/9/11185030/google-deepmind-alphago-go-artificial-intelligence-impact
https://hbr.org/2016/03/alphago-and-the-limits-of-machine-intuition
https://hbr.org/2016/03/alphago-and-the-limits-of-machine-intuition
http://www.cogtech.usc.edu/publications/clark{_}etal{_}cognitive{_}task{_}analysis{_}chapter.pdf
http://www.cogtech.usc.edu/publications/clark{_}etal{_}cognitive{_}task{_}analysis{_}chapter.pdf
http://dx.doi.org/10.1108/13673270310485613
http://dx.doi.org/10.1108/13673270310485613


BIBLIOGRAPHY

N. J. Cooke. Varieties of knowledge elicitation techniques. International Journal of Human-Computer
Studies, 41(6):801–849, dec 1994. ISSN 10715819. doi: 10.1006/ijhc.1994.1083. URL http://www.

sciencedirect.com/science/article/pii/S1071581984710834.

H. de Bruijn and E. Heuvelhof. Management in Networks: On multi-actor decision making. Tay-
lor & Francis, 2012. ISBN 9781134042241. URL https://books.google.nl/books?id=

ll9YKKz0OkAC.

V. Dignum. Multiagent Organisation. In G. Weiss, editor, Multiagent Systems, page 902. MIT Press,
2nd edition, 2013. ISBN 978-0-262-01889-0. URL http://www.the-mas-book.info/index.

html.

F. Dravis. Data Quality Strategy : A Step by Step Approach. Procedings of the ninth international
conference on information quality, pages 27–43, 2004. URL http://mitiq.mit.edu/ICIQ/

Documents/IQConference2004/Papers/DQStrategy.pdf.

C. L. Dym and P. Little. Engineering Design: A Project Based Introduction. Wiley Custom Select
Series. John Wiley & Sons Canada, Limited, 2010. ISBN 9780470954393. URL https://books.

google.nl/books?id=jVJtzgAACAAJ.

A. Findeli. La Recherche-Projet : une Méthode pour la Recherche en Design. In
R. Michel, editor, Erstes Designforschungssymposium, pages 40–51, Zurich, Suisse, 2005.
SwissDesignNetwork. URL http://projekt.unimes.fr/files/2014/04/Findeli.2005.

Recherche-projet.pdf.

J. C. Flanagan. The critical incident technique. Psychological Bulletin, 51(4):327–358, 1954. doi:
10.1037/h0061470. URL http://content.apa.org/journals/bul/51/4/327.

W. Gaver. What Should We Expect From Research Through Design? ACM SIGCHI Conference
on Human Factors in Computing Systems, pages 937–946, 2012. ISSN 145031015X. doi: 10.1145/
2208516.2208538.

D. Godin and M. Zahedi. Aspects of Research through Design : A Literature Review. Proceedings of
DRS 2014: Design’s Big Debates, pages 1667–1680, 2014.

A. K. Goel and J. Davies. Artificial Intelligence. Cambridge Handbook of Intelligence, pages
1–28, 2011. URL http://dilab.gatech.edu/test/wp-content/uploads/2014/11/

AI-GoelDavies2011-Final.pdf.

R. J. Gordon. The Rise and Fall of American Growth: The U.S. Standard of Living since the Civil
War, volume 1. Princeton University Press, 1 edition, 2016. URL http://econpapers.repec.

org/RePEc:pup:pbooks:10544.

P. Hendriks, N. A. Taatgen, and T. Andringa. Breinmakers & Breinbrekers: inleiding cognitieweten-
schap. Addison-Wesley Longman, 1997. ISBN 9067898937.

A. Hern. Elon Musk says he invested in DeepMind over ’Terminator’ fears,
2015. URL http://www.theguardian.com/technology/2014/jun/18/

elon-musk-deepmind-ai-tesla-motors.

F. Heylighen. Self-organization of complex, intelligent systems: an action ontology for transdisciplinary
integration. Integral Review, pages 1–39, 2011. URL http://pespmc1.vub.ac.be/papers/

ECCO-paradigm.pdf.

116

http://www.sciencedirect.com/science/article/pii/S1071581984710834
http://www.sciencedirect.com/science/article/pii/S1071581984710834
https://books.google.nl/books?id=ll9YKKz0OkAC
https://books.google.nl/books?id=ll9YKKz0OkAC
http://www.the-mas-book.info/index.html
http://www.the-mas-book.info/index.html
http://mitiq.mit.edu/ICIQ/Documents/IQ Conference 2004/Papers/DQStrategy.pdf
http://mitiq.mit.edu/ICIQ/Documents/IQ Conference 2004/Papers/DQStrategy.pdf
https://books.google.nl/books?id=jVJtzgAACAAJ
https://books.google.nl/books?id=jVJtzgAACAAJ
http://projekt.unimes.fr/files/2014/04/Findeli.2005.Recherche-projet.pdf
http://projekt.unimes.fr/files/2014/04/Findeli.2005.Recherche-projet.pdf
http://content.apa.org/journals/bul/51/4/327
http://dilab.gatech.edu/test/wp-content/uploads/2014/11/AI-GoelDavies2011-Final.pdf
http://dilab.gatech.edu/test/wp-content/uploads/2014/11/AI-GoelDavies2011-Final.pdf
http://econpapers.repec.org/RePEc:pup:pbooks:10544
http://econpapers.repec.org/RePEc:pup:pbooks:10544
http://www.theguardian.com/technology/2014/jun/18/elon-musk-deepmind-ai-tesla-motors
http://www.theguardian.com/technology/2014/jun/18/elon-musk-deepmind-ai-tesla-motors
http://pespmc1.vub.ac.be/papers/ECCO-paradigm.pdf
http://pespmc1.vub.ac.be/papers/ECCO-paradigm.pdf


Cognition Enhanced Business Processes

F. Heylighen and C. Joslyn. Cybernetics and Second-Order Cybernetics. Encyclopedia of Phys-
ical Science Technology, 4:155–170, 2001. ISSN 00074985. doi: 10.1.1.25.4758. URL http:

//citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.27.9058.

R. Hof. IBM’s Watson Is Learning To Act A Little More Human. Forbes.com,
page 2, apr 2016. URL http://www.forbes.com/sites/roberthof/2016/04/07/

ibms-watson-is-learning-to-act-a-little-more-human/.

R. Hoffman, N. R. Shadbolt, A. M. Burton, and G. Klein. Eliciting Knowledge from Experts: A
Methological Analysis, 1995. ISSN 07495978. URL http://eprints.soton.ac.uk/252301/.

R. R. Hoffman. Protocols for Cognitive Task Analysis. Technical report, Institute for Human &Machine
Cognition, State of Florida, 2005. URL www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA475456.

E. Hollnagel. Handbook of Cognitive Task Design. Human Factors and Ergonomics. CRC Press, 2003.
ISBN 9781410607775. URL https://books.google.nl/books?id=dElPH0ruR-sC.

V. G. Honavar, P. Érdi, and R. Khosla. Cognitive Systems Research Journal, 2015. URL http:

//www.journals.elsevier.com/cognitive-systems-research.

N. J. Howell, W. C. and Cooke. Training the human information processor: A look at cognitive models.
In I. Goldstein, editor, Training and Development in Work Organizations: Frontiers of Industrial
and Organizational Psychology, pages 121–182. Jossey-Bass, San Francisco, 1989.

IBM Corporation. Meet Watson: The platform for cognitive business, 2016. URL http://www.ibm.

com/smarterplanet/us/en/ibmwatson/.

Institute of Electrical and Electronics Engineers (IEEE). IEEE Recommended Practice for Software
Requirements Specifications. pages 1–40, 1998. doi: 10.1109/IEEESTD.1998.88286.

Institute of Electrical and Electronics Engineers (IEEE). Systems and software engineering – Life cycle
processes –Requirements engineering. pages 1–94, 2011. doi: 10.1109/IEEESTD.2011.6146379.

ISO/IEC/IEEE-42010. A Conceptual Model of Architecture Description, 2015. URL http://www.

iso-architecture.org/42010/cm/.

W. Jonas. Research through DESIGN through research. Kybernetes, 36(9/10):1362–1380, 2007. ISSN
0368-492X. doi: 10.1108/03684920710827355. URL http://www.emeraldinsight.com/doi/

abs/10.1108/03684920710827355.

D. Jonassen, M. Tessmer, and W. Hannum. Task analysis methods for instructional design. L. Erlbaum
Associates, reprint edition, 1999. ISBN 9781410602657. URL https://books.google.nl/

books/about/Task{_}Analysis{_}Methods{_}for{_}Instructional.html.

G. Klein, R. Calderwood, and D. MacGregor. Critical decision method for eliciting knowledge.
IEEE Transactions on Systems, Man, and Cybernetics, 19(3):462–472, 1989. ISSN 00189472. doi:
10.1109/21.31053. URL http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?

arnumber=31053.

I. Koskinen, J. Zimmerman, S. Wensveen, T. Binder, and J. Redström. Design Research Through
Practice: From the Lab, Field, and Showroom. Morgan Kaufmann - Elsevier Inc., Waltham, MA
02451, USA, 2011. ISBN 9780123855022.

KPMG International. Robotic Revolution: separating hype from reality. Technical
report, 2015. URL https://assets.kpmg.com/content/dam/kpmg/pdf/2015/10/

117

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.27.9058
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.27.9058
http://www.forbes.com/sites/roberthof/2016/04/07/ibms-watson-is-learning-to-act-a-little-more-human/
http://www.forbes.com/sites/roberthof/2016/04/07/ibms-watson-is-learning-to-act-a-little-more-human/
http://eprints.soton.ac.uk/252301/
www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA475456
https://books.google.nl/books?id=dElPH0ruR-sC
http://www.journals.elsevier.com/cognitive-systems-research
http://www.journals.elsevier.com/cognitive-systems-research
http://www.ibm.com/smarterplanet/us/en/ibmwatson/
http://www.ibm.com/smarterplanet/us/en/ibmwatson/
http://www.iso-architecture.org/42010/cm/
http://www.iso-architecture.org/42010/cm/
http://www.emeraldinsight.com/doi/abs/10.1108/03684920710827355
http://www.emeraldinsight.com/doi/abs/10.1108/03684920710827355
https://books.google.nl/books/about/Task{_}Analysis{_}Methods{_}for{_}Instructional.html
https://books.google.nl/books/about/Task{_}Analysis{_}Methods{_}for{_}Instructional.html
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=31053
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=31053
https://assets.kpmg.com/content/dam/kpmg/pdf/2015/10/robotic-revolution.pdf
https://assets.kpmg.com/content/dam/kpmg/pdf/2015/10/robotic-revolution.pdf
https://assets.kpmg.com/content/dam/kpmg/pdf/2015/10/robotic-revolution.pdf


BIBLIOGRAPHY

robotic-revolution.pdf.

P. G. Krogh, T. Markussenb, and A. L. Bangb. Ways of Drifting âĂŞ 5 Methods of Experimentation
in Research through Design. International Conference on Research into Design, 35(January):3–14,
2015. ISSN 21903026. doi: 10.1007/978-81-322-2229-3. URL http://link.springer.com/10.

1007/978-81-322-2229-3.

P. Langley. Artificial intelligence and cognitive systems. AISB Quarterly, 2011. URL http://www.

isle.org/{~}langley/papers/cogsys.aisb12.pdf.

P. W. Langley. The Cognitive Systems Paradigm. Advances in Cognitive Systems, 1:3–13, 2012. URL
http://www.cogsys.org/pdf/paper-1-2.pdf.

T. Lewis. Google just released powerful new artificial intelligence software
– and it’s open source, 2015. URL http://uk.businessinsider.com/

tensorflow-is-googles-new-ai-software-2015-11.

J. Markoff. Toyota Invests $1 Billion in Artificial Intelligence in U.S.,
nov 2015. URL http://www.nytimes.com/2015/11/06/technology/

toyota-silicon-valley-artificial-intelligence-research-center.html.

A. H. Maslow. The Psychology of Science. New York, Harper \& Row, 1966. ISBN 9780976040231.

Microsoft Corporation. Smarter Business Requires Intelligent Systems. Technical report, 2012. URL
http://www.b2btechhub.com/content23765.

L. G. Militello and R. J. B. Hutton. Applied cognitive task analysis (ACTA): a practitioner’s toolkit
for understanding cognitive task demands. Ergonomics, 41(11):1618–1641, 1998. ISSN 0014-0139.
doi: 10.1080/001401398186108. URL http://www.tandfonline.com/doi/abs/10.1080/

001401398186108.

MIT Technology Review. IQ Test Result: Advanced AI Machine Matches Four-Year-
Old Child’s Score, 2015. URL http://www.technologyreview.com/view/541936/

iq-test-result-advanced-ai-machine-matches-four-year-old-childs-score/

arxiv.org/abs/1509.03390.

J. D. Novak and a. J. Cañas. The Theory Underlying Concept Maps and How to Con-
struct and Use Them. Technical report, Institute for Human and Machine Cognition (IHMC,
Florida, USA, 2008. URL http://cmap.ihmc.us/Publications/ResearchPapers/

TheoryUnderlyingConceptMaps.pdf.

Object Management Group. Business Process Model and Notation (BPMN) Version 2.0. Business,
50(January):170, 2011. ISSN 13507540. doi: 10.1007/s11576-008-0096-z. URL http://books.

google.com/books?id=GjmLqXNYFS4C.

T. Olavsrud. 10 IBM Watson-Powered Apps That Are Changing Our World.
CIO.com, 2014. URL http://www.cio.com/article/2843710/big-data/

10-ibm-watson-powered-apps-that-are-changing-our-world.html.

M. Pidd and N. Melao. A conceptual framework for understanding business processes and business
process modelling. Information Systems Journal, 10(2):105–130, 2000. ISSN 1350-1917. URL http:

//onlinelibrary.wiley.com/doi/10.1046/j.1365-2575.2000.00075.x/abstract.

118

https://assets.kpmg.com/content/dam/kpmg/pdf/2015/10/robotic-revolution.pdf
https://assets.kpmg.com/content/dam/kpmg/pdf/2015/10/robotic-revolution.pdf
https://assets.kpmg.com/content/dam/kpmg/pdf/2015/10/robotic-revolution.pdf
http://link.springer.com/10.1007/978-81-322-2229-3
http://link.springer.com/10.1007/978-81-322-2229-3
http://www.isle.org/{~}langley/papers/cogsys.aisb12.pdf
http://www.isle.org/{~}langley/papers/cogsys.aisb12.pdf
http://www.cogsys.org/pdf/paper-1-2.pdf
http://uk.businessinsider.com/tensorflow-is-googles-new-ai-software-2015-11
http://uk.businessinsider.com/tensorflow-is-googles-new-ai-software-2015-11
http://www.nytimes.com/2015/11/06/technology/toyota-silicon-valley-artificial-intelligence-research-center.html
http://www.nytimes.com/2015/11/06/technology/toyota-silicon-valley-artificial-intelligence-research-center.html
http://www.b2btechhub.com/content23765
http://www.tandfonline.com/doi/abs/10.1080/001401398186108
http://www.tandfonline.com/doi/abs/10.1080/001401398186108
http://www.technologyreview.com/view/541936/iq-test-result-advanced-ai-machine-matches-four-year-old-childs-score/ arxiv.org/abs/1509.03390
http://www.technologyreview.com/view/541936/iq-test-result-advanced-ai-machine-matches-four-year-old-childs-score/ arxiv.org/abs/1509.03390
http://www.technologyreview.com/view/541936/iq-test-result-advanced-ai-machine-matches-four-year-old-childs-score/ arxiv.org/abs/1509.03390
http://cmap.ihmc.us/Publications/ ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://cmap.ihmc.us/Publications/ ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://books.google.com/books?id=GjmLqXNYFS4C
http://books.google.com/books?id=GjmLqXNYFS4C
http://www.cio.com/article/2843710/big-data/10-ibm-watson-powered-apps-that-are-changing-our-world.html
http://www.cio.com/article/2843710/big-data/10-ibm-watson-powered-apps-that-are-changing-our-world.html
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2575.2000.00075.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2575.2000.00075.x/abstract


Cognition Enhanced Business Processes

B. Power. Artificial Intelligence Is Almost Ready for Business, 2015. URL https://hbr.org/

2015/03/artificial-intelligence-is-almost-ready-for-business.

L. F. Reeker, P. H. van Langen, and F. M. Brazier. Lessons Learned from Research through Design:
An empirical research towards practical guidelines for Research through Design. To appear in Delft
University of Technology repository, 2016. URL http://repository.tudelft.nl/.

H. W. J. Rittel and M. M. Webber. Dilemnas in a general theory of planning. Policy Sciences, Elsevier,
4:155–169, 1973. ISSN 00322687. doi: 10.1007/BF01405730.

S. J. Russell and P. Norvig. Artificial Intelligence: A Modern Approach. Pearson Education, 2 edition,
2003. ISBN 0137903952.

A. P. Sage and J. E. Armstrong. Introduction to Systems Engineering. Wiley series,
2000. ISBN 978-0-471-02766-9. URL http://eu.wiley.com/WileyCDA/WileyTitle/

productCd-0471027669.html.

D. Schatsky, C. Muraskin, and R. Gurumurthy. Demystifying Artificial Intelligence. Deloitte University
Press, 2014. URL http://dupress.com/articles/what-is-cognitive-technology/.

D. Schatsky, C. Muraskin, and R. Gurumurthy. Cognitive technologies: The real opportunities for
business. Deloitte Review, (16), 2015. ISSN 16112482. URL http://dupress.com/articles/

cognitive-technologies-business-applications/.

J. M. Schraagen, S. F. Chipman, and V. L. Shalin. Cognitive Task Analysis. Expertise: Research
and Applications Series. Taylor & Francis, 2000. ISBN 9781410605795. URL https://books.

google.nl/books?id=HAqg6KfU1ekC.

P. J. Stappers, F. S. Visser, and A. I. Keller. The Role of Prototypes and Frameworks for Structuring
Explorations by Research through Design. The Routledge Companion to Design Research, pages
163–174, 2015.

D. Steffen. New experimentalism in design research. Artifact, III(2):1–16, dec 2014. doi: 10.14434/
artifact.v3i2.3974.

P. Thagard. Cognitive Science. In E. N. Zalta, editor, The Stanford Encyclopedia of Philosophy. Fall
2014 edition, 2014. URL http://plato.stanford.edu/archives/fall2014/entries/

cognitive-science/.

The Economist. Rise of the machines. Artificial Intelligence - The promise and
the peril, may 2015a. URL http://www.economist.com/news/briefing/

21650526-artificial-intelligence-scares-peopleexcessively-so-rise-machines.

The Economist. The dawn of artificial intelligence, 2015b. URL http://www.economist.com/

news/leaders/21650543-powerful-computers-will-reshape-humanitys-future.

The US Department of Justice. Systems Development Life Cycle Guidance Document, 2003. URL
http://www.justice.gov/archive/jmd/irm/lifecycle/table.htm.

P. van der Hulst. Personal interview on September 1st, 2015.

P. van Langen. Personal interview on October 30rd, 2015a.

P. van Langen. Personal interview on December 4th, 2015b.

P. H. van Langen. The Anatomy of Design: Foundations, Models and Applications. PhD thesis, Vrije
Universiteit Amsterdam, 2002.

119

https://hbr.org/2015/03/artificial-intelligence-is-almost-ready-for-business
https://hbr.org/2015/03/artificial-intelligence-is-almost-ready-for-business
http://repository.tudelft.nl/
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471027669.html
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0471027669.html
http://dupress.com/articles/what-is-cognitive-technology/
http://dupress.com/articles/cognitive-technologies-business-applications/
http://dupress.com/articles/cognitive-technologies-business-applications/
https://books.google.nl/books?id=HAqg6KfU1ekC
https://books.google.nl/books?id=HAqg6KfU1ekC
http://plato.stanford.edu/archives/fall2014/entries/cognitive-science/
http://plato.stanford.edu/archives/fall2014/entries/cognitive-science/
http://www.economist.com/news/briefing/21650526-artificial-intelligence-scares-peopleexcessively-so-rise-machines
http://www.economist.com/news/briefing/21650526-artificial-intelligence-scares-peopleexcessively-so-rise-machines
http://www.economist.com/news/leaders/21650543-powerful-computers-will-reshape-humanitys-future
http://www.economist.com/news/leaders/21650543-powerful-computers-will-reshape-humanitys-future
http://www.justice.gov/archive/jmd/irm/lifecycle/table.htm


BIBLIOGRAPHY

A. Verhoeff. Personal interview on January 22st, 2016.

R. Y. Wang and D. M. Strong. Beyond Accuracy: What Data Quality Means to Data Consumers.
Journal of Management Information Systems, 12(4):5–33, 1996. URL http://www.jstor.org/

stable/40398176.

M. Wooldridge. Intelligent Agents. Human mutation, 35(4):p. 51, 1999. ISSN 1098-1004. doi: 10.
1002/humu.22546.

J. Zimmerman, E. Stolterman, and J. Forlizzi. An Analysis and Critique of Research through Design:
towards a formalization of a research approach. Proc. DIS 2010, pages 310–319, 2010. doi: 10.1145/
1858171.1858228. URL http://dl.acm.org/citation.cfm?id=1858228.

120

http://www.jstor.org/stable/40398176
http://www.jstor.org/stable/40398176
http://dl.acm.org/citation.cfm?id=1858228


A | Research through Design

This appendix elaborates further on Research through Design as present in scientific literature in
Section A.1. Next, Section A.2 describes how Research through Design approach is used in this
research and furthermore elaborates on how the research process progressed in time.

A.1 Additional Literature on Research through Design
Research through Design (RtD) is described in literature as an approach to structurally and continu-
ously design and refine an envisioned artifact (Godin and Zahedi, 2014). It is a conceptualising research
done by means of the skillful practice of design activity, revealing research insights (Krogh et al., 2015).
More specifically, this knowledge is gained by conducting a design exercise and continuously extract-
ing information by means of direct and indirect observations, beliefs and experiences (van Langen,
2015a). The approach has a highly iterative character, switching frequently between a theoretical and
a practical application perspective (van Langen, 2015b).

In the current literature, two perspectives exist where Research through Design has its roots. One
side says that the foundation of Research through Design are found in the area of design research,
originating from already identified research traditions such as the natural sciences, social sciences and
art (Krogh et al., 2015; Koskinen et al., 2011; Steffen, 2014). Others state that the foundation of the
approach is more distinct to other fields, differentiating itself with its capability to deliver valuable
outcomes (Gaver, 2012; Zimmerman et al., 2010).

The term Research through Design indicates studies in which knowledge is generated on a phenomenon
by conducting a design action, drawing in support knowledge from different disciplines, and reflecting
on both the design action and an evaluation of the design result in practice. Figure A.1 illustrates the
position of the Research through Design approach as a type of research between basic research and the
design practice (Honavar et al., 2015).

Findeli (2005) redefined three forms of design research as follows:

• Research for design aims at helping, guiding and developing design practice. Those researches
document the processes and concerns of professional designers and treat designers and their
practice as the object of their study.

• Research into design is mainly found in universities and research centres contributing to a scien-
tific discipline studying design. It documents objects, phenomena and history of design.
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Figure A.1: Types of research, by Honavar et al. (2015)

• Research through design is the closest to the actual design practice, recasting the design aspect
of creation as research. Designer/researchers who use RtD actually create new products, experi-
menting with new materials, processes, etc.

The idea of Research through Design is more focused on design than on research activities, contrary
to other approaches using design to do research. Figure A.2 denotes the differences between Research
through Design, Design through Research, Research-oriented Design and Design-oriented Research. A
fine line distinguishes Research through Design from Design-oriented Research. In RtD, the design
exercise is the core of the research, producing a design at the end. The core essence of Design-oriented
Research is however the research into a defined problem, using a design exercise in a larger research
process.

Figure A.2: Differences between Research through Design and similar approaches, from Jonas
(2007)
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A.2 Research through Design-process
This section elaborates on the Research through Design-process of this research. The process of this
research can be distinguished in two parts: the first part pursued to make sense of the knowledge gap
present regarding AI and business processes and what can be done to fill this gap, the second part aim
to deliver the solution to fill this gap. The process this research went through was not a straightforward
process, due to the characteristics of the problem at hand as explained in Chapter 2 and in Section A.1.

The first half of this research, the research focused on the identification and specification of the problem
of integrating AI technologies in business processes. This was due to the fact that it was not yet clear
what the research problem exactly was, and what this research could contribute to solve this problem.
This preliminary research had an exploring character, searching for insights what could be done to
support the design and development of business processes leveraging AI technologies.

This goal or objective was the starting point of this first part of the process. This preliminary
research consisted of several (design) attempts to explain the complexity of integrating AI technologies
in business processes. At first, the research to design a reference architecture of cognition enhanced
business processes, by identifying and defining its critical and essential elements, relationships, in-
teractions and functions and evaluate its feasibility and usability, aimed to support the design and
development of this type of processes. Furthermore, the research focused on the technical domain of
AI software, such as different data mining and machine learning techniques. However, after a brief in-
vestigation of projects to integrate AI in a business process available to the researcher, it appeared that
non of these projects actually delivered a operational cognition enhanced business process. Therefore,
creating a blueprint (architecture) of such cognition enhanced business processes seemed therefore not
(yet) feasible for scientific research. Creating a reference architecture was thus too far fetched.

The research therefore drifted away from this reference architecture, searching for how cognitive
capabilities of knowledge-intensive business processes can be enhanced by integrating AI technologies.
Special attention was thereby given to the learning ability of business processes. The research aimed
to establish a conceptual model of a cognition enhanced business process and a supplementary set of
recommendations. Furthermore, the research found the theory of Cognitive Systems from a computer
science or machine perspective to be helpful for the design, development and implementation of AI in
business processes. However, this idea also seemed not yet applicable to current operational projects,
such that it was too hard to establish such conceptual model of a cognition enhanced business process.

When also this chosen path seemed to fail, the focus of the research changed to find a way to
describe the level of cognition enhancement possible by integrating AI software in a business process.
The possibilities to categorise cognition enhanced business processes according to their cognition ma-
turity was investigated, because with this the room for improvement of the business process can be
determined. The degree of complexity of the process would determine the level of improvement. This
line of reasoning and corresponding analysis is considered to be too general, however, it provided some
pointers for the final set-up of the research: to analyse both the business process for its possibilities
for the use of AI and the functionalities AI software can deliver.

The second half of the research comprised of creating the envisioned conceptual design process. This
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conceptual design process is built from the ground up, making use of design theory for its structure
and Cognitive Systems theory for the rationale behind its content. The design steps described in each
design process’ component are described in the chapters 4 to 7. The process of designing these compo-
nents can be characterised by experimentation in the case study, analysis of theory and interviews with
relevant stakeholders: people working in the business process, people working with AI software, people
designing AI solutions for business processes, et cetera. As stated by Bang et al. (2012), experimen-
tation is the cogwheel of a RtD-led research in dialogue with research activities such as hypothesising
and theorising. In this research, new ideas got constructed by confronting technology, theory, and
phenomenon (that what happens in the world), and many of these confrontations took place before
the conceptual design process has matured into a testable thing. Stappers et al. (2015) state that a
study usually is guided towards an unity. Within established disciplines, this unity is often achieved by
working within a theory. According to Stappers et al. (2015), in design research, the unity can also be
achieved by a commitment to achieving an improvement in the phenomenon under study, where either
a designed prototype or a flexibly-defined framework provided the central focus of the work. This de-
scription of how design-based research ultimately produces valuable outcomes is considered applicable
to this research. The CDP is the object that is considered to achieve an improvement of the design
and development of AI solutions of business processes. Thereby it became the central object of study,
i.e., the design artifact. Cognitive Systems theory was found as a steppingstone for the substance of
the CDP.

In the experimental process of finding the right path to achieve the research objective, many topics are
identified and analysed. To the best of knowledge of the researcher, a list of these topics is constructed
for the purpose of documentation. This list of topics is presented below. One can see that certain
topics have become a part of the research and thesis, but most topics did not. In the seventh month
of the research process, no new concepts are studied.

Before starting this research project

• Intelligent Agent
• Natural Language Processing
• Data Mining
• Multi-Agent Systems
• Machine Learning

Month 1

• Artificial Intelligence in general
• Research through Design
• Focus on organisation: Product, Business Processes and Business Strategy
• Reference Architecture
• Systems perspective
• Case study 1: claim-assessment process

Month 2

• Self-adaptive systems, Self-organising systems, levels of automation, automation maturity
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• Formulate guidelines
• Enterprise Architecture: Business Process Architecture, Information Architecture, Application

Architecture
• Information Architecture: Modelling Information Architecture for the Organisation
• Domain Architecture: blueprint of change

Month 3

• Knowledge-based AI: Cognitive Systems (computer science perspective)
• Cognition (from a cybernetics perspective)
• Design thinking
• Wicked problem
• Enterprise Architecture together with Agent modelling notation

Month 4

• Requirement Engineering
• System Analysis and Design
• Perform a design exercise
• Commercially available AI (IBM Watson, Fluxicon, H2O, et cetera)
• Cognitive Task Analysis and Applied Cognitive Task Analysis
• System Design phase
• Level of Cognition versus Process Complexity

Month 5

• Conceptual Design Phase
• Case study 2
• Conceptual Design Process
• Cognitive Systems theory
• Design Process Co-ordination

Month 6

• Data Availability and Data Quality

This ultimately led to the set-up of the research as described in this thesis, with the idea to support the
design of business processes that leverage AI software. The Cognitive Systems theory from a Cybernetic
point of view is explored to create a conceptual design process from case studies that comprised of
developing AI solutions for a business process. The perspective taken here is the integrated systems
perspective on cognition, instead of solely a human-centric or machine-centric perspective. Together,
this ultimately led to the research question as stated in Chapter 1: Can a conceptual design process of
knowledge-intensive business processes be created, such that the cognition utilised in the process can be
enhanced by integrating Artificial Intelligence software?

Figure A.3 shows the theoretical concepts studied and design experiments performed at what
moment in the process of this research. Besides, it shows the development of the different artefacts
considered in this research. This first phase of this research process as mentioned before is month 1 to
3, the second phase runs from month 4 to 7.
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Month 1

Design theory

Cognitive Systems

Cognitive Task Analysis test run

Business Process Modelling

Cognitive Task Analysis

Requirement Engineering

Design Process Co-ordination

Data Quality Assessment

Research period

Architecture Design

Reference architecture

Process complexity

Machine Learning

Expert round table discussion

1. Reference Architecture

4. Conceptual Design Process

3. Theoretical Foundation of 
Cognition in Business Processes

2. Architectural Design

Month 2 Month 3 Month 4 Month 5 Month 6

Unstructured interview with AI 
software expert

Cognitive Task Analysis in claim-
assessment process

Interview with solution architect 
on Business Process Modelling

Review meeting with peers

Participation in expert project 
team

Theory / Experiment still part of design artefact

Theory / Experiment used to design the artefact

Legend

Design artefact contributing towards research objective

Moment of abandoning design artefact in research

Moment of abandoning theory / experiment

Development of Research Process

Month 7

Th
eo

ri
e

s 
st

ud
ie

d
Ex

p
er

im
en

ts
 p

e
rf

or
m

e
d

D
es

ig
n

 a
rt

e
fa

ct
s 

co
n

si
de

re
d

Figure A.3: Development of the process of this research
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Furthermore, Figure A.4 visualises in a schematic way the construction of the conceptual design process.
It indicates the development of the conceptual design process and the different design theoretical
concepts and design exercises that have contributed to these developments. The green coloured ellipses
indicate research activities that comprised of literature studies and contributed to the underlying
theories the conceptual design process is built upon. The orange coloured ellipses indicate research
activities that comprised of case study analyses. The blue coloured ellipses indicate research activities
that comprised of literature studies, and contributed together with the orange coloured ellipses to the
substance of the conceptual design process.

Design theory

Case study 2

Cognitive Task 
Analysis

Requirement 
Engineering

Data Quality 
Assessment

Case study 1

Cognitive Systems theory

Design Process 
Co-ordination

Business 
Process 

Modelling

Month 3 Month 7

design 
experiments 

& theory 
analysis 

conceptual 
design 

process

Figure A.4: Research through Design-sequence of this research

To describe the process this research went through more, the figures below present the different versions
of the conceptual design process created in this research. They display the earlier versions of the CRDP,
CCDP and CPDP, next to the final CDP. One can see that in these earlier versions, the flows between
design steps have a label, denoting a particular transfer of information. The final version of the
design processes, these specific flows are not present anymore, since the Design Process Co-ordination
component now embodies these flows by managing the transfer of resources. Figure A.5 to Figure A.10
shows these earlier versions on page 128 to 133.
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 Define delineation of the process of 
interest

 Identify all sub-processes and tasks in 
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 Define specifications of each task
 Select tasks interesting for further 

research

For each selected task:
 Collect preliminary knowledge
 Identify knowledge representations 
 Apply applied cognitive tasks analysis 

(ACTA) to elucidate required 
knowledge

 Analyse and verify data acquired
 Format results in a Cognitive 

Demands Table  asd

Figure A.5: Earlier version of the CRDP (1)
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interest
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research
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 Collect preliminary knowledge
 Identify knowledge representations 
 Apply applied cognitive tasks analysis 

(ACTA) to elucidate required 
knowledge

 Analyse and verify data acquired
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Stakeholder Requirements Definition 
Process:
 Elicit stakeholder requirements
 Define stakeholder requirement
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Figure A.6: Earlier version of the CRDP (2)
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Knowledge structures 
+ representations

Cognitive activities to 
Cognitive requirements

Requirements Analysis Process:
 Define system requirements
 Analyse and maintain system 

requirements

Task to Cognitive activities

1. Apply applied cognitive tasks 
analysis (ACTA) to elucidate required 
knowledge for executing the tasks:
 Construct a Task Diagram to elicit 
the cognitive steps of each sub-task
 Execute a Knowledge Audit to 
identify the most important cognitive 
elements of the task
 Conduct a Simulation Interview to 
understand the cognitive processes.

2. Analyse and verify data acquired
3. Format results in a Cognitive 
Demands Table

Business Process to Tasks

1. Create an overview of the business 
process under review:
 Decompose the process in sub-

processes and tasks and construct 
a process model (BPMN)

 Identify roles and stakeholders
2. Formulate the requirements of 
stakeholders fulfilling a role in the 
business process:
 Elicit stakeholder requirements
 Define stakeholder requirement
 Analyse and maintain stakeholder 

requirements

Knowledge representations 
identifications

For each task, identify the sub-tasks 
and types of knowledge required to 
perform it:
 Identify sub-tasks of each task
 Construct flow charts to capture 

procedural knowledge
 Construct a concept map to 

capture declarative knowledge
 Execute a Learning hierarchy 

analysis

Preliminary knowledge 
collection

For the business process under review, 
collect preliminary domain knowledge:
 Identify experts to participate in 

the knowledge elicitation 
process.

 Execute Document Analysis
 Observe the process while being 

executed
 Conduct Unstructured interviewsTo
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Figure A.7: Earlier version of the CRDP (3)
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D. Cognitive Functionalities 
to Cognitive Capabilities

Requirements Analysis Process:
 Define system requirements
 Analyse and maintain system 

requirements

A. Selection of AI Software

1. Through a business focussed 
assessment, select the AI software to 
consider in this stage (out of scope of 
this research).
2. For the selected AI software:
 Identify the distinct services of the 

software.
 Describe the distinct services of the 

software.

C. Establish Cognitive 
Functionalities of Services

1. Based on the outcomes of B, 
formulate the distinct functionalities 
that comprise some form and degree 
of Cognition of the services identified 
under A:
 This set of functionalities is 

realised through a practical 
exercise (Research through 
Design)

 Specifically, Case Study 1 is used 
for this exercise.

B. Identification of Methods 
and Techniques

1. For each software service identified 
under A:
 Identify the methods it utilises
 Describe the application of these 

methods in the service
2. For each method utilised in the 
software services:
 Identify the techniques it utilises
 Describe the application of these 

techniques in the methods
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Figure A.8: Earlier version of the CCDP131
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A. Categorisation

Synthesise the outcomes of Stage 1 
and Stage 2:
1. Categorise the Cognitive 
Requirements from Stage 1 according 
to the Agent framework (Sense-Plan-
Act versus Perception-Information 
Processing-Action)
2.Categorise the Cognitive Capabilities 
from Stage 2 according to the Agent 
framework (Sense-Plan-Act versus 
Perception-Information Processing-
Action)

C. Analysis and Selection

1. For each marked cell in the table 
(indicating a match), execute a more 
thorough analysis whether the 
Capability can actually cause the effect 
that the requirement can be met:
 Do such analysis for each match
 (Also, check if a combination of 

Capabilities can have a positive 
effect such that a Requirement 
can be met.)

2. For each match, assess if the match 
is feasible for the business

B. Structural Matching

To match the Cognitive Capabilities to 
the Cognitive Requirements:
1. Fill in the template table structure 
per category for both Requirements 
and Capabilities
2. Based on the description of both 
Requirements and Capabilities:
 Go through each cell of the table 

and assess if the selected 
Capability can potentially meet/
comply to the selected 
Requirement. 

 If so, mark this cell. If not, go to 
the next cell
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D. Architectural Design 
Process

Architectural Design Process:
 Define the architecture
 Analyse and evaluate the 

architecture

Figure A.9: Earlier version of the CPDP
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3A. Categorisation

Synthesise the outcomes of Stage 1 
and Stage 2:
1. Categorise the Cognitive 
Requirements from Stage 1 according 
to the Agent framework (Sense-Plan-
Act versus Perception-Information 
Processing-Action)
2.Categorise the Cognitive 
Capabilities from Stage 2 according 
to the Agent framework (Sense-Plan-
Act versus Perception-Information 
Processing-Action)

3C. Analysis and Selection

1. For each marked cell in the table 
(indicating a match), execute a more 
thorough analysis whether the 
Capability can actually cause the 
effect that the requirement can be 
met:
 Do such analysis for each match
 (Also, check if a combination of 

Capabilities can have a positive 
effect such that a Requirement 
can be met.)

2. For each match, assess if the 
match is feasible for the business

3B. Structural Matching

To match the Cognitive Capabilities 
to the Cognitive Requirements:
1. Fill in the template table structure 
per category for both Requirements 
and Capabilities
2. Based on the description of both 
Requirements and Capabilities:
 Go through each cell of the 

table and assess if the selected 
Capability can potentially meet/
comply to the selected 
Requirement. 

 If so, mark this cell. If not, go to 
the next cell

3D. Architectural Design 
Process

Architectural Design Process:
 Define the architecture
 Analyse and evaluate the 

architecture

2D. Cognitive Functionalities 
to Cognitive Capabilities

Requirements Analysis Process:
 Define system requirements
 Analyse and maintain system 

requirements

2A. Selection of AI Software

1. Through a business focussed 
assessment, select the AI software 
to consider in this stage.
2. For the selected AI software:
 Identify the distinct services of 

the software.
 Describe the distinct services of 

the software.

2C. Establish Cognitive 
Functionalities of Services

1. Based on the outcomes of B, 
formulate the distinct functionalities 
that comprise some form and degree 
of Cognition of the services identified 
under A:
 This set of functionalities is 

realised through a practical 
exercise (Research through 
Design)

 Specifically, Case Study 1 is 
used for this exercise.

2B. Identification of 
Methods and Techniques

1. For each software service 
identified under A:
 Identify the methods it utilises
 Describe the application of 

these methods in the service
2. For each method utilised in the 
software services:
 Identify the techniques it 

utilises
 Describe the application of 

these techniques in the 
methods

1E. Cognitive activities to 
Cognitive requirements

Requirements Analysis Process of 
Requirement Engineering:
 Define system requirements
 Analyse and maintain system 

requirements

1D. Task to Cognitive 
activities

1. Apply applied cognitive tasks 
analysis (ACTA) to elucidate required 
knowledge for executing the tasks:
 Construct a Task Diagram to elicit 
the cognitive steps of each sub-task
 Execute a Knowledge Audit to 
identify the most important cognitive 
elements of the task
 Conduct a Simulation Interview to 
understand the cognitive processes.

2. Analyse and verify data acquired
3. Format results in a Cognitive 
Demands Table

1A. Business Process to Tasks

1. Create an overview of the business 
process under review:
 Decompose the process in sub-

processes and tasks and construct 
a process model (BPMN)

 Identify roles and stakeholders
2. Formulate the requirements of 
stakeholders fulfilling a role in the 
business process:
 Elicit stakeholder requirements
 Define stakeholder requirement
 Analyse and maintain stakeholder 

requirements

1C. Knowledge representa-
tions identification

For each task, identify the sub-tasks 
and types of knowledge required to 
perform it:
 Identify sub-tasks of each task
 Construct flow charts to capture 

procedural knowledge
 Construct a concept map to 

capture declarative knowledge
 Execute a Learning hierarchy 

analysis

1B. Preliminary knowledge 
collection

For the business process under 
review, collect preliminary domain 
knowledge:
 Identify experts to participate in 

the knowledge elicitation 
process.

 Execute Document Analysis
 Observe the process while being 

executed
 Conduct Unstructured 

interviews

Stage 1

Stage 2

Stage 3

Conceptual Design Process of Cognition Enhanced Business Processes

Figure A.10: Earlier version of the CDP
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B | Cognitive Task Analysis in the Con-
ceptual Design Process

This appendix first describes the concept of Cognitive Task Analysis (CTA) used in the conceptual
design process created in this research in Section B.1. The version of CTA presented here suits the
purpose of the conceptual design process and consists of five steps. The steps are to a large extent
adapted from Clark et al. (2006) and Militello and Hutton (1998). Section B.2 presents the results of
the CTA performed in this research on the first case study.

B.1 Description of Cognitive Tasks Analysis

1. Collect preliminary knowledge
The first step of CTA is to identify those cognitive tasks that merit detailed study through cogni-
tive task analysis. One has to select the (a) tasks that are important, frequent and highly critical
cognitive tasks within the job performance that you are studying, and (b) tasks or problems
within the job performance that allow for discrimination between expert from novice perfor-
mance (these tasks are referred to as ‘representative tasks’). The goal of this step is to develop
some general understanding of the domain area, identify experts who are good candidates for
serving as subjects and to identify the knowledge structures associated with the task area. The
latter can be done through review & analysis of documents used in the process/tasks, through
observations and/or by conducting unstructured interviews (Clark et al., 2006).

2. Identify knowledge representations
During the second step, using the results from the preliminary knowledge data collection, identify
the sub tasks and knowledge that are associated with each of the tasks that you are interested in
studying further. Generally, an effective approach for visually organising this information is by
creating a visual representation of the relationship between the tasks, sub tasks and knowledge
associated with the domain of interest. Concept maps can be an effective approach to visually
representing the knowledge and task structures (Clark et al., 2006).

3. Apply focused knowledge elicitation
The third step entails the identification, the clustering, linking, and prioritising the critical cog-
nitive decisions that are routine in expert performance through a knowledge elicitation methods
Clark et al. (2006). As explained before, this research will use applied cognitive tasks analysis
(ACTA) as the knowledge elicitation method. Applied cognitive tasks analysis is an approach
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where you conduct three structured interviews. Each interview generates as separate product.
The compiled and analysed results from the applied cognitive tasks analysis can be formatted
and represented in a Cognitive Demands Table (Militello and Hutton, 1998). Concept maps
are graphical tools for organising and representing knowledge. They include concepts, usually
enclosed in circles or boxes of some type, and relationships between concepts indicated by a
connecting line linking two concepts. Words on the line, referred to as linking words or linking
phrases, specify the relationship between the two concepts (Novak and Cañas, 2008).

3a. Create a Task Diagram
Through the first interview, you develop a Task Diagram that gives a broad representation of
task and that specifically allows you to hone in on complex cognitive processes that merit further
consideration.

Although this preliminary interview offers only a surface-level view of the cognitive elements of
the task, it enables the interviewer to focus the more in-depth interviews (i.e. the knowledge audit
and simulation interviews) so that time and resources can be spent unpacking the most difficult
and relevant of those cognitive elements. The subject matter expert is asked to decompose the
task into steps or sub tasks with a question such as, ‘Think about what you do when you (task
of interest). Can you break this task down into less than six, but more than three steps?’ The
goal is to get the expert to walk through the task in his/her mind, verbalising major steps. The
interviewer limits the SME to between three and six steps, to ensure that time is not wasted
delving into minute detail during the surface-level interview. After the steps of the task have
been articulated, the SME is asked to identify which of the steps require cognitive skill, with a
question such as, ‘Of the steps you have just identified which require difficult cognitive skills?
By cognitive skills I mean judgements, assessments, problem solving and other thinking skills’.
The resulting diagram serves as a road map for future interviews, providing an overview of the
major steps involved in the task and the sequence in which the steps are carried out, as well as
which of the steps require the most cognitive skill (Militello and Hutton, 1998).

3b. Elicit knowledge
The second interview yields a Knowledge Audit, which probes the expert on the skills and
knowledge applied to the tackle specific component tasks or decision points in the overarching
task process.

The knowledge audit is organised around knowledge categories that have been found to charac-
terise expertise. These include; diagnosing and predicting, situation awareness, perceptual skills,
developing and knowing when to apply tricks of the trade, improvising, meta cognition, recog-
nising anomalies, and compensating for equipment limitations. The knowledge audit employs
a set of probes designed to describe types of domain knowledge or skill and elicit appropriate
examples. The goal is not simply to and out whether each component is present in the task,
but to find out the nature of these skills, specific events where they were required, strategies
that have been used, and so forth. The list of probes is the starting point for conducting this
interview. Then, the interviewer asks for specifics about the example in terms of critical cues and
strategies of decision making. This is followed by a discussion of potential errors that a novice,
less-experienced person might have made in this situation (Militello and Hutton, 1998).
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3c. Conduct a Simulation Interview
The third and last interview involves presenting the expert with a specific and relevant scenario
designed to elicit insight into the cognitive processes used by the expert in the scenario context,
i.e. conducting a simulation interview.

The simulation interview is based on presentation of a challenging scenario to the SME. Surpris-
ingly, in the authors’ experience, the fidelity of the simulation is not an important issue. The
key is that the simulation presents a challenging scenario. After exposure to the simulation, the
SME is asked to identify major events, including judgements and decisions, with a question such
as, ‘As you experience this simulation, imagine you are the (job you are investigating) in the
incident. Afterwards, I am going to ask you a series of questions about how you would think and
act in this situation’. Each event is probed for situation assessment, actions, critical cues, and
potential errors surrounding that event.

Information elicited is recorded in the simulation interview table. Using the same simulation
for interviews with multiple SMEs can provide insight into situations in which more than one
action would be acceptable, and alternative assessments of the same situation are plausible. This
technique can be used to highlight differing SME perspectives, which is important information
for developing training and system design recommendations. The technique can also be used to
contrast expert and novice perspectives by conducting interviews with people of differing levels
of expertise using the same simulation (Militello and Hutton, 1998).

4. Analyse and verify the data acquired
This step entails the analysis of the data that is gathered in the previous step, by further categori-
sation and synthesis of the transcripts of the conducted interviews by coding them. Pay special
attention to diagnosing and characterising key decisions points based on the techniques used,
cues signalling the decision points, and the inferences made. Verification is done by comparison
of the formatted results of the multiple interviews conducted.

5. Format results in Cognitive Demands Table
The last step is all about using the formatted results from the expert knowledge elicitation
sessions, create a single model task analysis, representing all the skills, knowledge and strategies
used by the experts when functioning in the task area. Clearly, not every bit of information
discussed in an interview will be relevant for the goals of a specific project. The compiled and
analysed results from the ACTA are represented therefore in a so called Cognitive Demands
Table, which is intended to provide a format for the practitioner to use in focusing the types of
information that they might need to design and develop a new system (Militello and Hutton,
1998).

B.2 Results of Cognitive Tasks Analysis in Case Study
The following figures present the results of the Cognitive Task Analysis as described above in the first
case study of this resesarch.
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The information collection 

about the claim

The absorption of 

information to come to a 

judgement

The extraction of relevant 

information from the claim 

file and the listing of those 

facts 

The judgement of a claim by 

establishing a line of 

reasoning  (Micro) (1)

The judgement of a claim by 

establishing a line of 

reasoning  (Micro) (2)

The judgement of a claim by 

establishing a line of 

reasoning  (Meso)

The establishment of the 

advice

Perception: observe the 

documents in the claim file

Perception: percept the core 

elements of the claim file 

Perception: percept the facts in 

the information

Comprehension: interpret the 

relevant facts

Judgement: judge which 

conclusion follows from the line 

of reasoning

Recognition: recognise that 

this claim has come up before

Reasoning: reason if the 

formed judgement is legit

Recognition: recognise the 

documents in the claim file

Recognition: recognise which 

core elements are present in 

the claim file

Recognition: recognize the 

facts contained in the 

information

Comprehension: interpret the 

meaning and use of the 

frameworks in an individual 

case

Judgement: ascertain that the 

information available cannot 

lead to a valid judgement

Recognition: recognise a type 

of claim based on the 

characteristics of the claim 

Reasoning: reason which 

documents are missing in the 

claim file

Reasoning: reason which core 

elements are not present in the 

claim file 

Reasoning: reason which facts 

are relevant for the judgement 

of the claim

Comprehension: interpret the 

situation out of which the claim 

resulted (who, what, etc.)

Judgement: judge which facts 

need to be added 

Recognition: recognise the line 

of reasoning of a claim

Perception: percept all 

submitted information (in 

different formats)

Reasoning: reason which facts 

are valuable for the judgement 

of the claim

Meta-cognition - Reasoning: 

reason that there is too much 

uncertainty about the 

judgement being of sufficient 

quality to come to an advice

Judgement: determine which 

presented facts are relevant, 

valuable and objective, and as 

such can be used in the 

judgement of the claim

Meta-cognition - Reasoning: 

reason if the similar claim has 

been treated already → 

pattern recognition

Recognition: recognise the 

essential facts within the 

information and who is 

communicating them

Judgement: determine which 

facts are relevant to come to a 

legit judgement of the claim

Reasoning: reason which fast 

are valuable are which are not 

valuable

Judgement: ascertain that the 

necessary knowledge is not 

available

Reasoning: reason which 

historic claim has comparable 

characteristics (= similar case) 

Reasoning: reason the 

objectivity of the facts 

presented in the claim file

Judgement: determine which 

facts are valuable to come to a 

legit judgement of the claim

Reasoning: reason which facts 

are more important for the 

judgement then others

Judgement: ascertain that the 

method is not known

Reasoning: reason that the 

judgement structure of similar 

cases are not unambiguously 

enough 

Reasoning: reason which 

relevant facts are missing 

Reasoning: reason how the 

framework rules need to be 

translated to rules which are 

relevant for the claim

Judgement: determine is the 

information if reliable enough 

to be of use in the judgement 

of the claim

Judgement: determine that the 

line of reasoning of a similar 

case is applicable on this claim

Reasoning: reason if there are 

relevant protocols for this claim

Judgement: judge whether the 

judgement is logically derived 

from the line of reasoning

Judgement: determine that 

standardisation is possible 

without loss of quality

Reasoning: reason which facts 

are most important →  form a 

judgement

Meta-cognition - Recognition: 

recognise that the available 

knowledge/skills are not 

sufficient to form a judgement

Judgement: determine that the 

deviation in content can be 

avoided in the future

Judgement: determine that a 

judgement of a colleague is 

necessary to form a valid 

judgement

Meta-cognition - Reasoning: 

be able to come to a line of 

reasoning for a new type of 

claim

Learning: learn when a case 

can be treated in the same 

way as a similar claim

Judgement: determine that the 

line of reasoning of the claim 

can be done (partially) by a 

relevant protocol

Meta-cognition - Recognition: 

recognise that certain 

knowledge / methods are not 

possessed / not know 

(consciousness about 

deviations in the judgement 

process)

Learning: learn that frequent 

arising claims of similar cases 

can easily be judged with the 

use of a new protocol

Figure B.1: First iteration of the Cognitive Task Analysis performed in case study 1, listing all the identified cognitive functions correspond-
ing to one of the tasks in the claim-assessment process
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Situation Cognitive skills Difficult Cognitive activity Situation Cognitive skills Difficult Cognitive activity

Perception: observe the documents in 

the claim file

Recognition: recognise that 

this claim has come up before

Recognition: recognise the documents 

in the claim file

Recognition: recognise a type 

of claim based on the 

characteristics of the claim 

Reasoning: reason which documents 

are missing in the claim file

Meta-cognition - Reasoning: 

reason if the similar claim has 

been treated already → 

pattern recognition

Perception: percept all submitted 

information (in different formats)

Reasoning: reason which 

historic claim has comparable 

characteristics (= similar case) 

Perception: percept the core elements 

of the claim file 

Recognition: recognise the line 

of reasoning of a claim

Recognition: recognise which core 

elements are present in the claim file

Reasoning: reason that the 

judgement structure of similar 

cases are not unambiguously 

enough 

Know that a claim is not 

treated in the same way

Recognition: recognise the essential 

facts within the information and who is 

communicating them

Judgement: determine that the 

line of reasoning of a similar 

case is applicable on this 

claim

Know that the line of reasoning 

can be (partially) adopted by 

one of another claim

Reasoning: reason which core 

elements are not present in the claim 

file 

Indicate if, and if yes which, 

facts are missing in the 

information

Judgement: determine that 

standardisation is possible 

without loss of quality

Reasoning: reason the objectivity of 

the facts presented in the claim file

Determine the objectivity of the 

information

Judgement: determine that the 

deviation in content can be 

avoided in the future

Perception: percept the facts in the 

information

Learning: learn when a case 

can be treated in the same 

way as a similar claim

Know that a claim can be 

treated in the same way as a 

similar claim

Recognition: recognize the facts 

contained in the information

Learning: learn that frequent 

arising claims of similar cases 

can easily be judged with the 

use of a new protocol

Know that it is legit to treat a 

claim the same way as a 

similar claim 

Reasoning: reason which facts are 

relevant for the judgement of the claim

Reasoning: reason how a new 

protocol to judge similar cases 

will look like

Establish a new protocol to 

judge similar claims in a legit 

way

Reasoning: reason which facts are 

valuable for the judgement of the 

claim

The establishment of the 

advice

Know that the formed 

judgement is legit

Reasoning: reason if the 

formed judgement is legit

Judgement: determine which facts are 

relevant to come to a legit judgement 

of the claim

Judgement: determine which facts are 

valuable to come to a legit judgement 

of the claim

Know which facts relevant for 

the line of reasoning are 

missing

Find the necessary extra facts

Find the essential facts within 

the information

Collect information from the 

claim

Reasoning: reason which facts are 

missing 

Indicate which facts are 

relevant for the line of 

reasoning

Indicate the facts within the 

information

Know that a similar case 

already has been treated

Determine that a case can be 

treated in the same way as a 

similar claim

The information collection 

about the claim

The absorption of information 

to come to a judgement

The extraction of relevant 

information from the claim file 

and the listing of those facts 

The judgement of a claim by 

establishing a line of 

reasoning  (Meso)

Figure B.2: Second iteration of the Cognitive Task Analysis performed in case study 1, listing all the identified cognitive functions corre-
sponding to one of the tasks in the claim-assessment process
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Situation Cognitive skills Difficult Cognitive activity

Comprehension: interpret the 

relevant facts

Know which frameworks need 

to be used in an individual 

claim

Comprehension: interpret the 

use of the frameworks in an 

individual case

Reasoning: reason how the 

framework rules need to be 

translated to rules which are 

relevant for the claim

Comprehension: interpret the 

situation out of which the claim 

resulted (who, what, etc.)

Know which situation caused 

the claim

Reasoning: reason which fast 

are valuable are which are not 

valuable

Reasoning: reason which facts 

are more important for the 

judgement then others

Reasoning: reason if there are 

relevant protocols for this 

claim

Know which facts correspond 

to which protocols 

Reasoning: reason which facts 

are most important →  form a 

judgement

Select the most important facts 

from the information

Meta-cognition - Reasoning: 

reason that there is too much 

uncertainty about the 

judgement being of sufficient 

quality to come to an advice

Judgement: ascertain that the 

information available cannot 

lead to a valid judgement

Judgement: ascertain that the 

necessary knowledge is not 

available

Judgement: ascertain that the 

method is not known

Meta-cognition - Recognition: 

recognise that the available 

knowledge/skills are not 

sufficient to form a judgement

Meta-cognition - Recognition: 

recognise that certain 

knowledge / methods are not 

possessed / not know 

(consciousness about 

deviations in the judgement 

process)

Judgement: determine that a 

judgement of a colleague is 

necessary to form a valid 

judgement

Judgement: determine that the 

line of reasoning of the claim 

can be done (partially) by a 

relevant protocol

Know that multiple protocols 

can be used in a judgement of 

an individual case

Judgement: judge which 

conclusion follows from the line 

of reasoning

Indicate which conclusion is 

derived from the important 

facts 

Judgement: judge which facts 

need to be added 

Indicate which important facts 

are missing to form a legit 

judgement

Judgement: determine which 

presented facts are relevant, 

valuable and objective, and as 

such can be used in the 

judgement of the claim

Judgement: determine is the 

information if reliable enough 

to be of use in the judgement 

of the claim

Judgement: judge whether the 

judgement is logically derived 

from the line of reasoning

Know if the judgement is 

logically derived from the 

established line of reasoning

Meta-cognition - Reasoning: 

be able to come to a line of 

reasoning for a new type of 

claim

Know how to establish a line of 

reasoning

Indicate if a fact can be used 

in the judgement of a claim

Indicate a judgement cannot 

be formed

Know how the frameworks 

need to be used in an 

individual claim

Indicate how important a fact 

from the information is

The judgement of a claim by 

establishing a line of reasoning  

(Micro)

Figure B.3: Second it-
eration (continued) of the
Cognitive Task Analysis
performed in case study
1, listing all the identified
cognitive functions corre-
sponding to one of the tasks
in the claim-assessment

process
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Step Difficult Cognitive activity Cognitive skills Why difficult? Common errors Cues and strategies used

Perception: observe the documents in 

the claim file

Recognition: recognise the documents 

in the claim file

Reasoning: reason which documents 

are missing in the claim file

Perception: percept all submitted 

information (in different formats)

Perception: percept the core elements 

of the claim file 

Recognition: recognise which core 

elements are present in the claim file

Recognition: recognise the essential 

facts within the information and who is 

communicating them

Indicate if, and if yes which, 

facts are missing in the 

information

Reasoning: reason which core 

elements are not present in the claim 

file 

Determine the objectivity of the 

information

Reasoning: reason the objectivity of 

the facts presented in the claim file

Perception: percept the facts in the 

information

Recognition: recognize the facts 

contained in the information

Reasoning: reason which facts are 

relevant for the judgement of the claim

Reasoning: reason which facts are 

valuable for the judgement of the claim

Judgement: determine which facts are 

relevant to come to a legit judgement 

of the claim

Judgement: determine which facts are 

valuable to come to a legit judgement 

of the claim

Know which facts relevant for 

the line of reasoning are 

missing

Find the necessary extra facts

Know which frameworks need 

to be used in an individual 

claim

Comprehension: interpret the relevant 

facts

Comprehension: interpret the meaning 

and use of the frameworks in an 

individual case

Reasoning: reason how the framework 

rules need to be translated to rules 

which are relevant for the claim

Know which situation caused 

the claim

Comprehension: interpret the situation 

out of which the claim resulted (who, 

what, etc.)

Reasoning: reason which fast are 

valuable are which are not valuable

Reasoning: reason which facts are 

more important for the judgement then 

others

Know which facts correspond 

to which protocols 

Reasoning: reason if there are 

relevant protocols for this claim

Select the most important facts 

from the information

Reasoning: reason which facts are 

most important →  form a judgement

Meta-cognition - Reasoning: reason 

that there is too much uncertainty 

about the judgement being of sufficient 

quality to come to an advice

Judgement: ascertain that the 

information available cannot lead to a 

valid judgement

Judgement: ascertain that the 

necessary knowledge is not available

Judgement: ascertain that the method 

is not known

Meta-cognition - Recognition: 

recognise that the available 

knowledge/skills are not sufficient to 

form a judgement

Meta-cognition - Recognition: 

recognise that certain knowledge / 

methods are not possessed / not know 

(consciousness about deviations in the 

judgement process)

Judgement: determine that a 

judgement of a colleague is necessary 

to form a valid judgement

The absorption of information 

to come to a judgement

The extraction of relevant 

information from the claim file 

and the listing of those facts 

Indicate the facts within the 

information

Information collection about 

the claim

Find the essential facts within 

the information

Collect information from the 

claim

Scanning through all information, 

paying attention to medical terms 

and words describing the context 

of the claim.

Consideration of each fact. 

Looking out for 'key' facts; facts 

that often are important for the 

assessment of the claim. 

Reasoning: reason which relevant 

facts are missing 

The value of the facts are not 

assessed properly, leading to miss-

judgements.

The relevance of the facts are not 

assessed properly, leading to miss-

judgements. 

Wrong judgement, although based 

on the correct facts.

Not all facts are recognised in the 

first shot, which can have several 

reasons

To recognise the facts in the claim 

information, one needs a proper 

understanding of a wide variety of 

medical concepts, master the 

corresponding vocabulary 

(knowledge) and how such claim 

dossier is constructed 

(knowledge)

Words and terms present in the 

information, and reason which 

words and/or terms are likely to be 

relevant

The judgement of a claim by 

establishing a line of reasoning  

(Micro)

Reasoning and judging about the 

relevance and value of all facts in 

the claim information is difficult, 

mainly because these processes 

are performed very iteratively. The 

relevance and value of a fact can 

constantly change when a new 

fact is considered, resulting in a 

(mental) list of facts sorted on 

their relevance and value. 

To reason what relevant and 

valuable facts are missing, proper 

knowledge about medical 

concepts and claim assessment is 

needed

Neglect relevant facts that should 

be included.

Include irrelevant facts that should 

not be included

Indicate which facts are 

relevant for the line of 

reasoning

Know how the frameworks 

need to be used in an 

individual claim

Indicate a judgement cannot 

be formed

Indicate how important a fact 

from the information is

Figure B.4: Third iteration of the Cognitive Task Analysis performed in case study 1, providing
information of the difficult cognitive activity corresponding to one of the tasks in the process
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Step Difficult Cognitive activity Cognitive skills Why difficult? Common errors Cues and strategies used

Information collection about 

the claim

Collect information from the 

claim

Know that multiple protocols 

can be used in a judgement of 

an individual case

Judgement: determine that the line of 

reasoning of the claim can be done 

(partially) by a relevant protocol

Indicate which conclusion is 

derived from the important 

facts 

Judgement: judge which conclusion 

follows from the line of reasoning

Indicate which important facts 

are missing to form a legit 

judgement

Judgement: judge which facts need to 

be added 

Judgement: determine which 

presented facts are relevant, valuable 

and objective, and as such can be 

used in the judgement of the claim

Judgement: determine is the 

information if reliable enough to be of 

use in the judgement of the claim

Know if the judgement is 

logically derived from the 

established line of reasoning

Judgement: judge whether the 

judgement is logically derived from the 

line of reasoning

Know how to establish a line of 

reasoning

Meta-cognition - Reasoning: be able to 

come to a line of reasoning for a new 

type of claim

Recognition: recognise that this claim 

has come up before

Recognition: recognise a type of claim 

based on the characteristics of the 

claim 

Meta-cognition - Reasoning: reason if 

the similar claim has been treated 

already → pattern recognition

Reasoning: reason which historic 

claim has comparable characteristics 

(= similar case) 

Recognition: recognise the line of 

reasoning of a claim

Know that a claim is not 

treated in the same way

Reasoning: reason that the judgement 

structure of similar cases are not 

unambiguously enough 

Know that the line of reasoning 

can be (partially) adopted by 

one of another claim

Judgement: determine that the line of 

reasoning of a similar case is 

applicable on this claim

Judgement: determine that 

standardisation is possible without 

loss of quality

Judgement: determine that the 

deviation in content can be avoided in 

the future

Know that a claim can be 

treated in the same way as a 

similar claim

Learning: learn when a case can be 

treated in the same way as a similar 

claim

Checking if the current claim is 

indeed the same as a previous 

one

Know that it is legit to treat a 

claim the same way as a 

similar claim 

Learning: learn that frequent arising 

claims of similar cases can easily be 

judged with the use of a new protocol

Establish a new protocol to 

judge similar claims in a legit 

way

Reasoning: reason how a new protocol 

to judge similar cases will look like

The establishment of the 

advice

Know that the formed 

judgement is legit

Reasoning: reason if the formed 

judgement is legit

The judgement of a claim by 

establishing a line of reasoning  

(Micro)

The judgement of a claim by 

establishing a line of reasoning  

(Meso)

Determine that a case can be 

treated in the same way as a 

similar claim

Do to this, lot of experience is 

needed with the assessment of 

claims, since only then patterns 

could be noticed. One should be 

able to relate the words/concepts 

that are present in the information 

are similar to a previous claim.

Indicate if a fact can be used in 

the judgement of a claim

Know that a similar case 

already has been treated

Misjudgement of the equality of 

claims

Word and terms present in the 

information.

Appeal to knowledge and 

experience on medical concepts 

and claim assessment.

Checking if the claims are indeed 

the same

Misinterpretation of the facts.

Incorrect match to a previous 

claim.

Words and terms present in the 

information.

Search through previous claims to 

find a similar one.

Figure B.5: Third iteration (continued) of the Cognitive Task Analysis performed in case study 1,
providing extra information of the difficult cognitive activity corresponding to one of the tasks in the

claim-assessment process
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Step Difficult Cognitive activity Cognitive skills Why difficult? Common errors Cues and strategies used

Perception: percept the facts in the 

information

Recognition: recognize the facts contained 

in the information

Reasoning: reason which facts are 

relevant for the judgement of the claim

Reasoning: reason which facts are 

valuable for the judgement of the claim

Judgement: determine which facts are 

relevant to come to a legit judgement of 

the claim

Judgement: determine which facts are 

valuable to come to a legit judgement of 

the claim

Indicate which facts relevant for 

the  line of reasoning are missing

Find the necessary extra facts

Reasoning: reason which of the 

characteristics of the claim are comparable 

to a existing case

Recognition: recognise that this claim has 

come up before

Meta-cognition - Reasoning: reason if the 

similar claim has been treated already → 

pattern recognition

Reasoning: reason which historic claim has 

comparable characteristics (= similar case) 

Recognition: recognise the line of 

reasoning of a claim

Determine that a case can be 

treated in the same way as a 

similar claim

Judgement: determine that standardisation 

is possible without loss of quality

Checking if the claims are indeed 

the same

Know that a claim can be treated 

in the same way as a similar claim

Learning: learn when a case can be 

treated in the same way as a similar claim

Checking if the current claim is 

indeed the same as a previous 

one

Misinterpretation of the facts.

Incorrect match to a previous 

claim.

Misjudgement of the equality of 

claims

Do to this, lot of experience is 

needed with the assessment of 

claims, since only then patterns 

could be noticed. One should be 

able to relate the words/concepts 

that are present in the information 

are similar to a previous claim.

To reason what relevant and 

valuable facts are missing, proper 

knowledge about medical 

concepts and claim assessment is 

needed

Words and terms present in the 

information.

Search through previous claims to 

find a similar one.

Word and terms present in the 

information.

Appeal to knowledge and 

experience on medical concepts 

and claim assessment.

Consideration of each fact. 

Looking out for 'key' facts; facts 

that often are important for the 

assessment of the claim. 

Words and terms present in the 

information, and reason which 

words and/or terms are likely to be 

relevant

The value of the facts are not 

assessed properly, leading to miss-

judgements.

The relevance of the facts are not 

assessed properly, leading to miss-

judgements. 

Wrong judgement, although based 

on the correct facts.

Reasoning and judging about the 

relevance and value of all facts in 

the claim information is difficult, 

mainly because these processes 

are performed very iteratively. The 

relevance and value of a fact can 

constantly change when a new 

fact is considered, resulting in a 

(mental) list of facts sorted on their 

relevance and value. 

Scanning through all information, 

paying attention to medical terms 

and words describing the context 

of the claim.

Not all facts are recognised in the 

first shot, which can have several 

reasons

Neglect relevant facts that should 

be included.

Include irrelevant facts that should 

not be included

To recognise the facts in the claim 

information, one needs a proper 

understanding of a wide variety of 

medical concepts, master the 

corresponding vocabulary 

(knowledge) and how such claim 

dossier is constructed (knowledge)

Reasoning: reason which facts are missing 

Indicate which facts are relevant 

for the line of reasoning

Indicate the facts within the 

information

Know that a similar claim already 

has been treated 

The judgement of a claim by 

establishing a line of reasoning 

(Meso)

The extraction and listing of 

relevant and valuable facts 

Figure B.6: Fourth iteration of the Cognitive Task Analysis performed in case study 1, presenting the identified cognitive capabilities corre-
sponding to one of the tasks in the claim-assessment process
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C | Analysis of IBM Watson software

IBM Watson is a technology platform that uses natural language processing and machine learning
to reveal insights from large amounts of unstructured data. This appendix presents the intermediate
results of analysis of the commercial software variant of IBM Watson, which is the AI software suite
under review in both case studies of this research. They complement the results of the analysis of IBM
Watson presented in Section 5.2 and Section 5.3.

145



C
hapter

C
.A

nalysis
of

IB
M

W
atson

softw
are

AI commercial software

Functions (according to 

IBM)

Service 

output Formal concept ..is a sub-field of.. ..is a sub-field of.. ..is a sub-field of.. Example Cognitieve functionaliteit

IBM Watson service

Language

AlchemyLanguage Entity Extraction entities Entity linking Information Retrieval Information Extraction Natural Language 

Processing

Lars Reeker = Person Perception, Recognition, 

Knowledge

Sentiment Analysis sentiment Sentiment Analysis - Natural Language 

Processing

The sentiment of this 

text/entity is 

positive/negative/neutral, 

score on five general 

emotions

Recognition, Knowledge, 

Comprehension

Keyword Extraction keywords Keyword Extraction Information Retrieval Information Extraction Natural Language 

Processing

Lars, student, Delft 

University of Technology

Perception

Concept Tagging 

Concept Insights

concepts Latent-semantic 

indexing

Information Retrieval Information Extraction Natural Language 

Processing

Education, Technology, 

Profession

Recognition, Knowledge, 

Comprehension

Relation Extraction relations Relationship extraction - Information Extraction Natural Language 

Processing

[Lars]subject is a 

[student]action of [Delft 

University]object

Comprehension

Taxonomy Classification taxonomy Classification Multivariate statistics - Natural Language 

Processing

dit artikel valt binnen 

travel/transports/sea 

travel/cruises  en law, 

govt and politics 

Reasoning, Knowledge

Author Extraction authors Keyword Extraction Natural Language 

Processing

Stephanie = author Perception, Reasoning

Language Detection language Keyword Extraction Natural Language 

Processing

Language = English Perception, Recognition

Text Extraction source of text Keyword Extraction Natural Language 

Processing

Source = tudelft.nl Perception, Recognition

Dialog Script of expert 

conversations

chat using 

natural 

language and 

get pre-written 

responses

Dialog system - - Natural Language 

Processing

Pizza bestellen via chat 

met chatbot

Language, recognition, 

(comprehension, reasoning)

Language Translation Translate text real-time text in target 

language

Machine Translation Computational linguistics - Natural Language 

Processing

Lars is een student aan 

de Technische 

Universiteit Delft

Language, learning

Natural Language 

Classifier

Interpret and classify natural 

language with confidence

Classes ordered 

by confidence

Document classification Document retrieval - Natural Language 

Processing

Classification: education

Confidence: 90%

Learning, Language

Personality Insights extracts and analyzes a 

spectrum of personality 

attributes

A tree of 

cognitive and 

social 

characteristics

Statistical inference Big 5 characteristics

Needs

Values

Comprehension, Knowledge

Figure C.1: IBM Watson’s services and their corresponding cognitive capabilities (1)
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AI commercial software

Functions (according to 

IBM)

Service 

output Formal concept ..is a sub-field of.. ..is a sub-field of.. ..is a sub-field of.. Example Cognitive functionality Cognitive capability

Tone Analyser linguistic analysis to detect 

and interpret emotional, 

social, and writing cues 

found in text

hierarchical 

representation 

of the analysis 

of the terms in 

the input 

Classification Multivariate statistics - Natural Language 

Processing

computes emotional 

tones, in addition to social 

and writing style tones.

Reasoning, comprehension

Speech

Speech to Text convert speech in multiple 

languages into text

ranscriptions of 

the audio with 

recognized 

words

Machine translation Computational linguistics - Natural Language 

Processing

- Language, knowledge The cognitive system is able to 

translate a textual document into 

another language

Text to Speech synthesize speech audio 

from an input of plain text

speech in 

multiple 

languages

Machine translation Computational linguistics - Natural Language 

Processing

- Language, knowledge

Vision

AlchemyVision denote a picture's content 

and context

tagged images, 

face detections, 

confidence 

scores

Image processing

Pattern recognition

Statistical Inference

- tree, people. mountain 

with 0-1 confidence, 

provides similar images

Perception, Recognition, 

Reasoning

Visual Insights match images based on 

appearance or semantic 

content

concept scores, 

clustering on 

visual 

appearance or 

semantic 

content

Image processing

Pattern recognition

Statistical Inference

- nature, city, 0-1 

confidence

Perception, Recognition, 

Reasoning

Visual Recognition provides scores for relevant 

classifiers representing 

things such as objects, 

events and settings of an 

image

set of classifiers 

and likelihood 

scores

Image processing

Pattern recognition

Statistical Inference

- tiger, 99% Perception, Recognition, 

Reasoning

The cognitive system is able to 

recognise objects in a static image 

Data Insights

AlchemyData News provides large database of 

news and blog articles

news and blog 

content

Detection theory - Donald Trump, Apple, ... Perception

Tradeoff Analytics helps people make decisions 

when balancing multiple 

objectives

optimal options 

and highlight the 

trade-offs 

between them

Visual analytics - Visual tradeoff support 

tool, multi-critera, filtering 

and selection

Reasoning, Jugement, Decision 

making, Goal generation

The cognitive system is able to 

support decision making through 

visual mathematical representation 

decision criteria 

Watson Knowledge Studio supervised learning 

omgeving

Entity linkingKeyword 

extraction

Relationship extraction

Information Retrieval Information Extraction Natural Language 

Processing

[Lars 

Reeker]persoon_1/stude

nt_aan_uni_1  studeert 

aan de [TU 

[Delft]loc /uni_1 . 

[Hij]persoon_1  is aan het 

afstuderen.

Perception, Recognition, 

Knowledge

The cognitive system is able to learn 

from previous textual documents to 

improve its linguistic functionalities

Figure C.2: IBM Watson’s services and their corresponding cognitive capabilities (2)
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D | Validation of Conceptual Design

This appendix presents results of the validation of the conceptual design as envisioned in Chapter 7
to complete this validation step. This validation is executed by utilising the CDP, and specifically the
Cognitive Requirements Design Process, in the second case study of this research. The results of this
validation exercise can be found from the next page onwards.

Opening the 
dossier

Review the 
details of the

claim

Determine type 
of claim

Perform medical
assessment

Registration of 
assessment

(in MARS system)

claim is valid

No registration 
possible,

consult through
correspondence

claim is not valid

Figure D.1: Step 1 of ACTA in second case study (1)
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Step Name Description Extra information Cognitive skills involved 

1 Opening the dossier To assess a claim that is within the teams file 
system, the claim processor can target a claim to 
assess by opening its corresponding dossier. 

 Perception, Recognition 

2 Review the details of the 
claim 

The client to which the claim concerns should be 
correctly referred to in the claim details (NAW 
should match the claim details). Check if the 
claim is matched to the right person, if not, 
match correctly 
 

The client data is stored in enterprise wide 
systems, the claim data is stored in the 
dossier/file, transferred by email to the 
insurance company and internally via an 
application 

Perception, Recognition, 
Judgement 

3 Determine type of claim ● Which support tool is asked for 
reimbursement? 

○ Alarmering 
○ Prothese 
○ Stoel 

● Use of work instructions to assess the 
claim step by step 

The work instructions tell: 
- Where to pay attention to in the 

claim information 
- Which step to execute 
- Exceptions 

 

Recognition, Reasoning, 
Goal-generation 

4 Perform medical 
assessment  

● Set the medical indication of the claim 
● Does the claim comply to the medical 

indications as presented in the claim 
dossier? 

○ Check price of the offer 
corresponds with the 
agreements with the 
(contracted) suppliers  

○ Determine the claim history of 
the client (first claim or 
repetition) 

 Reasoning, Recognitions, 
Judgement, Knowledge, 
Memory, (Decision-
making) 

5A Registration of assessment 
(in MARS system) 
 
If the claim is correct 

● Register the claim assessment as 
approved in the system 

● To do that: 
○ Check information of client, 

health provider and supplier 
○ Adopt the important information 

Types of claims: 
● Claim: claim assessment 
● Nota: invoice medical assessment 
● Dispute: resubmitted claim 

Reasoning, (Goal 
generation), Decision-
making 

Figure D.2: Step 1 of ACTA in second case study (2)
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from the claim dossier 
○ Register the claim as approved 

5B No registration possible, 
consult through 
correspondence 

Correspondence: 
● Send letter 
● Call 
● Internal note 

Have to know what to send, and to who. Reasoning, Decision-
making, Language 

X Main screen of claim 
dossier (WAM) 
 
 
 

Information to provide by claim processor: 
● Date of start of claim (offer) 
● Registration of application 
● Medical transaction (type of support tool) 

 Knowledge, Reasoning 

X Work instructions (one for 
every type of medical 
implication) 
 
 
 
 

● Registration details:  
○ All information available in 

dossier? 
○ Determination of asked support 

tool 
● Medical assessment: 

○ Type of referring person (doctor, 
general health provider, 
specialist, supplier) 

○ Extra information 
● Handling: 

○ Approve claim 
○ Reject claim 
○ Request additional information 

● Extra: 
○ Policy about this support tool / 

clause  

  

  

Figure D.3: Step 1 of ACTA in second case study (3)

151



C
hapter

D
.V

alidation
of

C
onceptualD

esign

 

Aspects of expertise  Cues and strategies What makes it difficult Cognitive skills involved 

Past & Future - Medical indication 
- Codes 

- Work with medical codes 
- Work with systems (sometimes difficult, 

not well integrated to each other) 
- Medical knowledge needed 
- Knowledge about laws and regulations is 

sometimes necessary 
- When has health insurer to pay, 

when the hospital, municipality, 
etc. 

- Every claim (situation) is different, correct 
interpretation is essential. Understand the 
context of the incoming claim. 

Knowledge (Medical 
indication, support tool, 
etc.) 
Perception 
Recognition 
Language 
Reasoning 
Judgement (able to link 
indication to support tool 
and assess if it is correct) 
Problem Solving (A+) 

Big Picture - New suppliers of support tools 
- New insurance policies 
- Identify claim and assess 

similarities with previous claims 

- What has been assessed in history  
- What was the assessment? 

Learning,  
Goal generation (health 
providing task of company) 
Judgement 

Job smarts 
 
 
 
 
 

- Many information can be found in 
different systems 

- KIM 
- Databases 
- Protocols 
- Work instructions 
- Colleagues 
- A+  
- Medical Advisors 
- Google 

- Information is spread, have to know where 
to search 

 

Recognition, Language 

Improvisation  
 
 
 

- Every claim processor works 
differently, have to deal with that. 

- Supervision 
- Controls 
- Coaching 
- Content-wise, difference is 

assessments 

- Every claim assessor works differently → 
assesses differently 

Learning 
Knowledge 

Figure D.4: Step 2 of ACTA in second case study (1)
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Opportunities 
 
 
 
 
 

- Improve mistakes in work 
instructions 

- Suppliers offers → solve problems 
- Internal central knowledge systems 

have to be up to date and clear 

- Dynamics in information (medical 
indications, treatments, etc.) 

Problem solving, 
Learning 
Reasoning 

Self monitoring 
 
 
 
 
 

- Sequence of assessment of claim 
has to be in such way that it is in 
favour of speed 

- Different treatments can be best 
approach differently 

- The registration systems supports 
sometimes in checking relevant 
facts in the dossier 

- Self-reflection should be available Recognition 
Comprehension 
Reasoning 

Anomalies 
 
 
 
 
 

- Indication + treatment = differs from 
standards 

- New treatments or new indications 
ask for new/different assessment 

- Communication with Medical 
Advice group:  

- Be able to deal with diversions in work 
patterns. 

Recognition 
Reasoning 
Language 
Learning 

Equipment Difficulties - Prices of treatment products 
- Codes / Terms 
- Work instructions 

- Difficult to know all codes and terms 
- System is sometimes difficult to work with 

Knowledge 
Learning 

** Flow of filtering 
 
 
 
 

Email → Workstock (linking to client) → 
filtering on type of treatment → claim 
assessor selects a claim to assess 

  

 

  
Figure D.5: Step 2 of ACTA in second case study (2)

153



C
hapter

D
.V

alidation
of

C
onceptualD

esign

 

 

Events  Actions Situation assessment Critical cues Potential errors Cognitive skills 
involved 

Opening of 

(untreated) 

claim  

 

Within the WAM 

list 

● Select and open 
claim 

● The screen 
displaying the claim 
dossier will open 

● Look at the list of claims, 
process the claim that is 
first in row 

● System can 
automatically assigns 
claims to claim 
processors 

● List of claims  Perception 
Recognition 

Claim dossier is 

opened and 

displayed on 

screen 

● First look into cover 
page  

● Open email 
correspondence 

● Open the 
attachments: 

○ Offer 
○ Statement of 

medical expert 
○ Health plan of 

supplier 

● Overlook all documents 
in the (email) 
correspondence 

● View the information in 
the attachments 

● The format / layout of 
the cover page, claim, 
offer, statements, etc. 

● Names of files 
● Scanning of content of 

files, keywords / other 
information 

 Perception, 
Recognition, 
Goal generation 

Determine claim 

history of client 

 

 

 

● Consult MARS 
system to check the 
history of claims 

● Are there previous 
claims? 

● What type of claims are 
these? What is being 
asked? 

● Is this the same as the 
current claim? 

● Is it a repetition of the 
current claim? 

 
 
 
 
 
 

● Description of 
previous claims 

● Date of creation 

● Overlooking the previous 
claims 

● Missing information in 
previous claims relevant 
to the current claim 

Perception, 
Recognition, 
Reasoning 

Figure D.6: Step 3 of ACTA in second case study (1)
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Events  Actions Situation assessment Critical cues Potential errors Cognitive skills 
involved 

Propose claim 

to Medical 

Advisor for 

expert advice 

 

 

 

 

 

 

 

 

 

● Ask advice about 
○ Offer prices, 

necessity of support 
tools 

○ Complex 
assessments / 
decisions 

● Sound argumentation? 
● Ask A+ advisor 

○ They provide advice 
○ And a written reaction / 

argumentation 

● Not able to come to a 
sound judgement → 
advice is needed 

 Perception, 
Recognition, 
(Reasoning)reaction 
of advisor, 
Judgement 

Comparison of 

current claim 

with previous 

assessed claims 

 

 

 

 

 

● If the current claim is 
not a repetition of a 
precious claim, it can 
be assessed as a 
new claim 

● Information / description 
of the claim 

 

● Noticing that it a 
different support tool / 
implication / treatment 
is being asked for.  

 

● Too little knowledge of 
all medical concepts 
(existence and their 
purpose) to notice or 
work with these concepts 

 

Knowledge, 
Judgement 

● Check if it is 
repetitive claim: if so, 
no medical 
assessment is 
needed 

○ Determine the 
reason for 
replacement 

● Check for 
inconsistencies 

 
 

● History of claim 
● Claim information 
● (Previous) Medical 

assessment  
● Missing information? 
● Offer according to 

agreement with 
supplier? 

● Check for a similar 
claim in the claim 
history 

● All information in the 
dossier 

● Misinterpret previous 
claims with current claim 

● Not able to notice faults 
in the claim information 

Reasoning, 
Knowledge, 
Judgement 

Figure D.7: Step 3 of ACTA in second case study (2)
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Events  Actions Situation assessment Critical cues Potential errors Cognitive skills 
involved 

Checking an 

offer 

● Check prices on offer 
○ Time charged for 

diagnosis / 
treatment 

○ Check total time 

 

● Price of support tools 
and labor 

● Compage time and 
prices in the codebook 

● Codes on the offer 

 

● Able to understand the 
codebook 

 

Reasoning(math) 

Performing the 

assessment 

● Agree on offer 
● Agree on the reason 

for reimbursements 
● Medical assessment 

of health provider / 
supplier 

 

● Check if everything is 
okay or not 

 

 ● Overlook important 
specifics 

Learning, Logical 
reasoning, 
Knowledge (Medical 
terms, support tools, 
offers, medical 
assessment) 

Preparation of 

assessment in 

WAM 

● Fill in the treatment 
(verrichting) 

○ Type of claim 
○ Description 

● Fill in the supplier 
which will deliver the 
support tool 

● Date of creation of 
claim 

● Provide information in 
the system to complete 
the assessment 

 

● Incomplete dossier ● Too little knowledge 
about medical terms, 
support tools, offers, 
medical assessment, ... 

Knowledge, 
Reasoning, 
Judgement 

Registration of 

claim 

assessment 

 

 

● MARS system 
automatically 
transfers information 
from dossier of WAM 

○ Supplier 
○ Client 
○ Date 

● To be filled in:  
○ Description of 

medical indication / 
treatment 

○ Price asked 

● Screen + claim 
information provide 
setting 

  Recognition, 
Reasoning, Decision 
Making 

 

○ Refinement of 
description if 
needed 

● Formally approve or 
reject claim 

Aftercare of 

claim 

 

Correspondence via 
phone, email, etc. 
registration in KRIS, 
which can be viewed.  

   Language 

 
 
  Figure D.8: Step 3 of ACTA in second case study (3)
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E | AI Systems Solutions Model

To strengthen the shared understanding of the possibilities of AI systems in organisations, a model is
developed that can and is used as a talking board to discuss with organisations about such possibilities.
This model is an additional outcome of this research, and presented in Figure E.1 on page 158. It is
constructed during the research, and used in several client meetings by Jibes Data Analytics B.V.

The model identifies nine AI systems solutions, scaled to three measures. The first measure is the
the degree of autonomy, which entails the degree to which the solution performs autonomously in
the operation of the business (x-axis). The second measure is the degree of complexity, which entails
the level of complexity of designing, developing and implementing such solution (y-axis). The last
measure indicates the impact of the solution in the process and the level innovation it can provide to
the business (colour bar). The table below the graph describes the nine solutions pin pointed in the
graph.
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Chapter E. AI Systems Solutions Model

Nr. Label Description
1 Processing support agent Text processing
2 Simple reflex agent Signal processing, condition-action rules
3 Support agent Predetermined advanced data modelling and processing
4 Guiding agent Support extended with advanced user modelling
5 Dialog driven agent Able to interact naturally with humans and vice-versa
6 Personal agent Awareness of users and context, able to learn
7 Self-adaptive system Able to adapts its behaviour to its environment
8 Self-organising system Ability to make automatic internal changes to structure
9 Autonomous intelligent system Human-like behaving system - impossible according to science

Degree of autonomy

Deg
ree

of 
com

ple
xity

High process innovation

Low process innovation

Possible with current technology

Categories of AI system solutions

1
2

3

4
5

6
7

8
9

Processing support agent 

Simple reflex agent 
Support agent 

Guiding agent

Dialog driven agent

Personal agent

Self-adaptive system
Self-organising system

Autonomous intelligent system

Figure E.1: AI Systems Solutions model produced during the research
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