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ABSTRACT

Context. Internet of Things (IoT) is an exciting new development and opportunity in the global ICT
field. In short, IoT means that all objects will have their own IP address and be constantly online and
connected to other similar actors. After this expansion Internet will not only be humans communicate
with humans (H2H) more but machines will automatically communicate with machines (M2M) and
humans (H2M) as well . The already today big amounts of data will become extreme as a result of this
expansion and it will require new and smarter ways of designing future ICT systems. Many more
matters needs to be taken into account for these demanding ICT development projects to fall out in
productive ways. As of now it does not seem to be clear to developers what all matters need to be
looked at, in what order and why. Clear systems design guidelines, templates and view-models are
missing for developing IoT setups or at least they are not available to the mainstream designers.
Objectives. The objectives of this study was to a) identify an assumed need for ISD view-frames in
large-scale IoT development projects and b) to compile a view-model example that could be used as a
base for new ISD view-frames and to c) acquire empirical knowledge by applying the created
framework on an existing IoT design project.
Methods. A number of research methods have been used in this thesis, such as: a) conducting a broad
literature review on as many ISD related concepts as possible; b) analyzing how the found concepts
tie together based on the researchers previous work and ISD view; c) creating a new ISD view-frame
example based on the interlinked concepts and 2) apply the ISD view-frame on a real eHealth case to
see the results.
Results. The result of the study was that there is a clear need for stakeholder-centric based ISD viewframes for larger systems in IoT types of setups. Two earlier such ISD frameworks were found and a
third one was created as a part of the project. Moreover, more ISD view-frame ideas and suggestions
are needed and the created view-frames need to be applied and evaluated in real large-scale IS
development projects to reveal their true value added.
Conclusions. Designing and developing large Information Systems for IoT setups is a very
demanding task and a logical/clear design frameworks will help in this matter. If nothing else, a
predefined view-model will help in asking the right (kind) of questions and keeping the
communication about the objectives on track and focused. eHealth is a field where IoT systems should
be implemented but if it's not done in the correct way taking matters like stakeholders objectives and
IPR's on both systems and data into account very little productive results will be achieved.

Keywords: IoT, Internet of Things, ISD framework,
Big Data, Extreme Information Management, eHealth
systems
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1. INTRODUCTION
1.1. Background
The history of electronic computing is short but rather volatile. The high number of leading
IT companies that have gone out of business in the last 50 years is the best proof of this. In
a period of only one generation, we have gone from static and centralized mainframe
system setup to a highly dynamic ubiquitous computing model. Today an ever growing
number of desktops, laptops, smartphones and tablets are continuously online and
connected to a large number of servers and cloud computers using webservices for sharing
data. This is however not the end of this already explosive growth. We are about to enter
into the next growth phase already – The era of “Internet of Things” (IoT) [1][2]. This
might be seen by some as just a new buzz-word, but in real terms IoT means that the
number of “smart connected systems” is predicted to go into 10's of billions of online units
in only the next decade or so. Furthermore, the amount of data that these “always online”
devices will produce will continue to grow even faster. Such major change from human to
machine focused computing make it impossible to continue to design IT systems as linear
and simple as we have done before. The earlier, mainly commercially driven R&D models
for personal use (PC-era), needs to mature to more efficient, comprehensive and globally
connected computing environments that will serve mankind well, far into the future.[3]
From a Information Systems Design (ISD) viewpoint we still today see a bipolar world of
either a 1) Human-to-Human (H2H) communication setup, that we call “the web” or then a
2) Machine-to-Machine communication setup that we call “the Net”. This bi-polar viewmodel is presented to us all over the IT literature but maybe best shown by The Computer
History Museum's [4] image below in Picture 1:

Picture 1. Source: http://www.computerhistory.org

Thus, in the presently used design models two very different data streams; one between
Computers and the second between People, are basically designed to be kept separated. It
means, by default, that even related processes will be created and stored in “air-tight silos”.
This again makes information disconnected and segregated. With the fast approaching Big
Data [5] era the amounts of new daily system inputs, such bipolar division and setup will
not be sufficient or even possible to maintain anymore. A very cold fact is that; we must
start to design systems in which humans will communicate with Machines (H2M) and
Machines with Humans (M2H) in conjunction to the already existing collaborative H2H
and transactional M2M traffic and it has to happen in a much easier and better organized
ways. More importantly, all “mixed” content must be indexed, nested, containerized and
clustered. In other words, the objects that belong together must be made related by the
system and kept that way - “forever” - for future users to also understand. Such a change in
the basic system design might sound like a minor make-over, but is in fact the very
opposite. In picture 2 we see what such a cross-communication setup in its most basic level
looks like:
4

Picture 2.

From a systems design perspective these change mean that a much broader view on the
environment architecture must be taken into account when IoT systems design
requirements are discussed and stipulated. The IoT system designers need to look at user-,
process- and object-ontologies [6] too. Not only do we need to know and control what
resource (human and/or machine) is allowed to connect to what other resource but also to
know and control to what data and processes the resources have access to , for how long
and with what level of security clearance the connection is allowed. It also needs to be
clear who owns and controls the created objects and the processes they originate from.
Moreover, we need to keep process, content and access to data available for the resources
an undefined period of time since it might be needed later. This again brings in the element
of duration (time) into the design requirements both with regards to the system life cycle
but also with regards to the content and its various forms and versions. Based on present
works of IoT experts like Uckelmann et al [23], it looks like this is the only road to walk if
we want to turn Internet information into knowledge. This same conclusion Tim BernersLee, “the father the WWW” has also come to [9].
One interesting field where IoT can be and is used already now in smart ways are future
eHealth systems, stated by Coetzee and Olivrin: “ One very recent technological trend
which will impact on society (and thus Persons with Disabilities and the Aged) is that of
the Internet of Things (IoT) [80].The fast aging population in Europe and USA needs to be
cared for but at the same time the cost for doing it well has escalated out of reach for the
governments. This challenge is enormous since already in 2020 people over the age of 65
is expected to be 20% of the European population as shown in picture 3:
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Picture 3. Changes of elderly population (65+) in EU-27 until 2050 (estimation, in %) (European
Commission: Special Report No 1: The impact of aging on public expenditure: projections for the EU25
Member States on pensions, health-care, long-term care, education and unemployment transfers (2004 -50).
Report prepared by the Economic Policy Committee and the European Commission (DG ECFIN). Page 30.
Data on Bulgaria and Romania has been added on the basis of current numbers to be found on the website
of Eurostat (http://ec.europa.eu/eurostat )

How we design out future ICT systems to deal with these kind of major challenges matters
in both smaller and bigger systems. Papanek [7] has pointed out designers’ responsibilities
(as well as potential) with respect to major social and environmental needs. Dorst [10],
Sjöström [11] and Morelli [12] all seem to confirm this idea but also points out the
complexity of the task, especially in IS design. In large modern information systems
design, like Sjöström says, it is important to have a structured inquiry based design
methodology [11].
Designing for social well-being describes a very broad agenda for positive social change,
undertaken by various design disciplines, including industrial design. Its primary concern
is improving human social and economic conditions.

Picture 4. A multi-factor model displaying the needs of (elderly) persons for continued wellbeing (ICT enabled independent living for elderly. [8]

Smart home systems based on IoT and Cloud Computing technologies could be one
sustainable solution to these enormous challenges if and when such systems are designed
correctly [80]. The challenges don't seem to be in building or using the access devices per
se or the networks themselves, which both already are well matured and freely available,
but rather on how to control and manage the over-all (larger) systems, their processes and
the related data. There will be so much data of each type continuously produced and at the
same time a growing number of stakeholders needs to have access to the environment and
content. Questions like: “who will pay for building and running these new systems” and
“who owns them and their outputs” are important to ask, already upfront.
In summary all this means that resources, processes as well as the data/content they create
needs to be unique (indexed) as well as structured and made related and even smart
(cognitive) while keeping it all agile. Ongoing global standardization initiatives like the
“Semantic Web” project by W3 [9] tries to solve exactly these matters. The ”Semantic
Web” project however only offers technical guidelines and protocols and not larger
human-centric systems design frameworks for the developers to look at their cases and
design ideas through.
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It seems as if there would be a need for a new view-model [A4.9] based on a humancentric approach. This is also what Uckelmann et al [23] has concluded in their book
“Architecting the Internet of Things “ when they say that:
“ A future Internet of Things has to integrate stakeholders who will be affected by the
Internet of Things, such as citizens, small and medium enterprises, governmental
institutions and policy makers, to meet and match key societal and economic needs.
Applications that recognize and improve the fundamental qualities of life for users,
businesses, society and the environment are needed.” [23]
and furthermore:
“However, the era of “Functional Computing” may be slowly replaced by (or at least
overlapped with) an era best described as “Human Centric Computing”.[23]

1.2. Researchers earlier work
1.2.1

The QXS Philosophy

Over the years, while working with ICT projects, I have discovered that the present
computer systems and related design and development systems have a very machine
centric and patriarchal (top-down, work-flow based) [A4.22] world-view. Thus, I created
years ago a new, more human-centric philosophy called ”QXS” [89] which is based out
of the views and observations on how things seems to operate more smoothly and
logically in dealing with agile systems and modern, well educated people. In short one
could say that QXS is a condensed way to easily describe complicated concepts related to
systems and human management.
In the QXS view; People are always in the main focus and in the center of the process.
Everything we do evolve around and flow through us, as individuals or in groups. People
are also the big 'unknown” and thus are represented with an X, which also is short for
eXcellence, the highest level of Attitude that we can achieve. In short, the QXS
philosophy says: A humans motivation sets his WANTS which automatically leads to
what he THINKS. At the same time a humans DOing automatically leads to what he
FEELS. These relations are clear to us since they are within the normal view on ourselves
and mankind. However, for our thinking to be productive Doing we need two basic type
of Systems to support it: a) Thinking Systems and b) Doing Systems. Without systems
our thinking will not be very rational and logic and therefore not that productive or
focused. Furthermore, since our Feelings always are subjective and biased we must
Qualify (probe, assess, evaluate, analyze) and Quantify (measure) what we have Done to
be able to turn undefinable Feelings into definable Wants. These new/refined Wants then
again turn into higher level of Thinking that, through a growing systematic approach,
becomes higher Doing etc. This same infinite loop - ∞ [81], goes on until we stop or are
stopped. The looping time is the duration of the overall process. The speed with what we
are able to finish the loops determine our level of progress or ”success” as it is called.
Our attitude is however what makes the outcome unpredictable and setup complex since
it is the only of the elements involved that can turn the outcome positive (constructive) or
negative (destructive). The following image gives us a simple graphical presentation of
the same:
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This short description of the QXS philosophy should be enough to understand the basic
structure of the in this work developed ISD view-frame as well. During the course of this
work I could see that the QXS philosophy has elements from many other philosophies,
methods and models, but that it at the same time is unique and as such has I hope it has
its own place and value, as least for my own work. Similar ideas to QXS, can be seen in
works of W. Ulrich (form, clear defined process, specific order for doing) [17,18,19,20]
as well as P. Checkland (efficacy, efficiency, effectiveness, ethics, aesthetics,
‘CATWOE’ analysis) [21] and A. Bandura (Social cognitive theory, self-efficacy) [22]
to name some. Naturally many of the same basic ideas and thoughts can be traced back to
other (earlier) thinkers like Ackoff, Churchman, Leibniz, Locke, Kant, Hegel, Singer
and so forth.
By taking something structured as QXS for their design efforts managers in ICT projects
will not only get a much more realistic picture on what the key elements for a successful
outcome is but also in what order they interact with and influence on each other. Many
pages of ideas have been written about these same basic concepts but most of the time
they are handled separately (in silos) and not seen as one unified entity. A more holistic
view to look at the developed system environment is maybe the biggest contribution of
QXS, especially with regards to element dependency, order and time factor which all
seems to be missing or feeble in earlier models.
1.2.2

An ISD Assessment Model

An earlier ISD (assessment) model, was created by the researcher in a Design Theory &
Design Research course assignment at BTH during the fall of 2010. It can be found in
Appendix 1. This earlier research work and the then created model structure will serve as
a base for this project as well.

1.3. The IoT/Smarthome project “OpenSenses”
By studying the OpenSenses prospectus in Appendix 2 we can extract below facts about
the project that gives us the needed background for this work. It reads as follows:
“OpenSenses is a two-year research project with the focus on sustainable smart home
concepts. Sweden as many other countries face the demographic challenges of an aging
population. A way to meet this challenge is provided by the smart home concept. The
results obtained in this project will form a base for the development of sustainable
smart homes. The project partners are Areff, Tentaculus, TPI Housing, Mirum and
Blekinge Institute of Technology (BTH). All five project partners have clear and defined
goals within the project and complete each other.
Affording simple integrated smart home systems solutions, i.e. systems with
information, sensor and computation components related to the home environment are
a reasonable approach to create opportunities for the elderly that wants to stay in their
homes to a higher age instead of moving to homes for old people. From an
environmental perspective, data from smart homes can reduce traveling costs for the
individual and for care giving personnel partly based on increase in the possibilities to
get status update and add more evidence-based data to the diagnosis model. Current
8

research on smart home systems [1][3][4][5][14] acknowledge the possibilities with
smart home systems”.
The project prospectus goes on saying that they expect the markets for smart homes not to
be easy and that the elderly with the actual need for the functions are not the technically
savvy or even the ones making the buying decisions for these systems. Regarding the
complexity of the setup the OpenSenses prospectus further states that:
“Scanning the fast changing market for relevant technologies to support their needs are
cumbersome. Furthermore individualize the solutions matching the elderly needs are a
process in itself as decrease in functionalities related to time is normal. There are
different bottlenecks to be handled for innovative tools on the market, if the
municipalities and/or county councils are to buy them[7]. Innovations in smart home
directions are necessary to explore from a societal perspective, quality of life for the
individual can increase and recourses can be saved. Complemented with home healthcare, smart home solutions can be a reasonable approach”
.
To counterbalance the complexity issue the OpenSenses project is intended to be built
around a set of five core companies who has the same goal, but who bring in
complementing competences. In the specific words of the project prospectus:
“Our approach are to integrate the competence in eco sustainable house building,
smart home system company, company that in close dialogue with municipalities and
members provides living for elderly, and a company with extension and adjustment
functionalities for the smart home technical system.”
From a technical systems design viewpoint the aim of the project is to add a rich variety of
sensors that will extract different types of data as foundation to find new interesting
combinations. Moreover on this subject, the prospectus says:
“Combining unidentified (i.e. no direct or indirect possibilities to connect the data to a
specific person) health data and in house data. We are fully aware that analysis of
behavior and sensor collected data requires careful and systematic analysis models. We
take the approach in collection of data to be physically present in some of the
measurements to assure that it is collected in a thorough way.”
Moreover, the OpenSenes projects research questions are:
•

How can we provide concept solutions for cost-effective sustainable smart home
systems?

With the sub questions of:
➢
➢
➢

•

Requirements engineering on foundations for sustainable smart home concepts
Update, service support and automation possibilities
Investigate cost-effective standardization possibilities

How can we increase knowledge of context and capability of elderly, and based
on this identify what and where to display information or sensor support to keep
or increase the capability of the elderly?

With the sub questions of:
➢
➢
➢
➢

How can we use different types of sensors and possibilities to measure behavior and
health data?
How can we make use of data based on behavior for prediction models?
How can we identify intention of the elderly?
How can we identify change in capability of the elderly?
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•

How can we integrate reminder functionality in Smart home systems in a robust
way (cost-effective supporting well-being and independence)?

With the sub questions of:
➢
➢
➢
➢
➢
➢

How can we engineer the information to reach the specific individual in the appropriate
situation?
How can we include mobile possibilities to extend the reach and use of the Smart Home
data?
How can we use smart home data as support in social situations?
What type of sensors, identifiers, actuators are reasonable to merge to support reminder
and other functionalities?
What principles to consider when developing reminder support?
How can we validate reminder functions possibilities of smart home data?

At a first glance these questions may not seem that difficult to answer, but when we extend
our view focus beyond just “the user” they actually can become enormous if not processed
and handled in a very structured and systematic manner. For complex socio-technical
system setups, like the ”OpenSenses” project clearly is, there might be a need to find the
appropriate view-model to make the design and systems architecture process a bit easier. A
partner analysis summary for the “OpenSenses” project can be found in Appendix 3.

1.4. Aim and objectives
The main aim of this research project is to develop an ISD view-model to serve as
a possible framework for Extreme Information Management Systems (EIMS)
design in Internet of Things (IoT) systems development and assessment projects.
Furthermore, the objectives of this research study is also to:
–
–

Find and point out the critical design elements in building EIMS/IoT systems
Evaluate the created design framework, by applying it on a real IoT design case –
project ”OpenSenses”
– Create a visual image of the main EIMS and IoT elements and their relationships in
the ”OpenSenses” project
– Write a summary report on the observations and feedback

1.5. Research Questions
The research questions for the project are:
Q1 : Is there a need for a new view-frame for Extreme Information Management
Systems (like IoT) designs?
Q2 : What are the most needed and/or critical elements of EIMS and IoT systems
design?
Q3 : What crucial elements are missing in today's design view-frames to work as
such in IoT systems?

1.6. Goals & Results
The expected outcome of the research is to a) identify a clear need for ISD view-models for
larger-scale IoT systems designs and to b) compile a view-model example that could be
used as a base for new ISD view-frames and to c) acquire empirical knowledge by
applying the created framework on an existing IoT design project.
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If successful, this research has the potential to make large scale systems design a bit more
easier by offering a view-model by which IS designers can conduct their R&D work better.
On a smaller scale, the research can serve as the catalyst for discussions and trigger other
similar or even bigger research efforts.

1.7. Research Methodology
The methods used for this research project are as follows:
1) Conduct A Literature Review; to find and study the concepts on and around the main
topics of: ISD, Future Internet, Big Data. Extreme Information Management and
eHealth
2) Analyze the collected data; by pinpointing “game-changers” with regards to;
technology, trends as well as social, political and economical constrains
3) Create an ISD framework for EIMS; based on researchers earlier work as well as
new discoveries from steps 1) and 2)
4) Do an Empirical study; by applying the new design model on the case project,
collect and analyze observations.
5) Write a report; on the outcome of the research project.

1.8. Theses Structure
The structure used for this research report is as follows:

1.9. Definitions
Most of the definitions for the concepts and used words of this research can be found in
Wikipedia. A list of direct hyper-links to the key design elements and concepts can be
found in Appendix 4.
The same list of definitions has also been given as short-cuts throughout the report text.
Example: Sociology [A4.1].
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2. EMPIRICAL RESEARCH
2.1. Literature Review and Key Concepts Study
The field of ICT has become very broad and complex. Thus the concepts to study and to
understand for this kind of a ”large-scale views” are many and even changing from time to
time. Therefore, for one to have a chance to do an efficient research in this field, I feel that
it is of outmost importance to first figure out and define the key concepts involved with the
specific research subject(s). Wikipedia has over the last few years been criticized for its
neutrality and also quality of content [82]. One thing seems to be safe to say; that most
concepts related to the ICT field are, at least at a basic level, defined there. The thousands
of IT professionals who daily uses Wikipedia for their work have made it a priority to keep
Wikipedia updated with the latest ICT buzz words, ideas and concepts. Therefore the idea
with the first step of this literature study is to find out and define the key concepts that IoT
and related matters systems consists of.
In appendix 4 we can find and seen the condensed results of a broader “study of concepts”
related to this research. Out of hundreds related concepts and methods a a smaller number
(~100) number of concepts have been chosen as the key elements needed for building a
new ISD framework.
Below is a list of the key concepts with short descriptions, as follows:

Picture 5

2.1.1

PEOPLE concepts

The first concepts to study, according to the QXS view, are the ones related to People. The
elements that effect most this work are: Stakeholder, Organizational, Sociological and
Collaborative matters which have been broken down below further.
2.1.1.1

Stakeholder concept study :
12

The stakeholder of any setup are the ones who also makes the decisions on a) if a
projects starts, b) what objectives the project will have, c) how much funds will be
allocated to make the project happen and d) what the time-lines for the project are. The
more stakeholders there are involved in a project the more complex the power structure
will become, since they all want to apply their particular wants on the process and
control the outcome. For a successful final result it is important that stakeholder views
and discussions like: identification , analysis , matrix , engagement , communication
and agreements and openly discussed, taken into account and clearly agreed upon.
[A4.1-7]
2.1.1.2

Organizational concept study

After the stakeholders are clear and what they want from the project the next natural
step is to get organized. The question however is; how that should happen? From
Wikipedia we can read that “An organization is a social group which distributes tasks
for a collective goal” [A4.34]. In the case of IoT and Big Data projects there will
always be more than one stakeholder and they will not all belong to the same
organization either. In practice this means that the complexity of the setup now
increases rapidly when we not only have individuals with their ideas and motivations
but we also have organizational matters like culture, contingency, bureaucracy and
hierarchy, to name some, to take into account. [A4.22, 23, 27]
2.1.1.3

Sociological issues study

Looking at the very nimble pace by which humans all over the world create new
technical innovations one can only ask himself: why such a hurry? If we assume that the
phrase “Necessity is mother of all invention” [75] is correct, then we might draw the
conclusion that humanity tries to save itself from today uncontrollable sociological
disasters like: Overpopulation, Consumerism, Population Aging, International
inequality, Corporatism and Missing Sustainable development [40] by trying to develop
better (smarter and cheaper) systems. The risk however is that by trying to do “the right
thing”, mankind digs itself deeper into the same problems they try to solve or just
change them to similar or even worst ones. Looking at the world history for the last 250
years, since the 1st Industrial revolution started, this seems to be the road we are walking
- sometimes faster, sometimes slower. “Progress” has come for a very high
environmental and social price. Our “smarter systems” has also meant more complex
systems and higher systems complexity does not necessarily mean either cheaper or
better systems in the long run - just different. There is a clear risk of us ending up with
such a technocratic society that nobody really wants and feels good about. That day
might even be closer than what we think. Already now we have Ultra-Large-ScaleSystems (ULSS) [83] that are hard to manage.
The model for the ”future IT” seems to be the same as can be seen in the thinking
behind the present financial crises. The decision makers think that more debt is a
solution to too much debt. In other words, the “experts” who got us into the trouble in
the first play tells us that more of the same (what they happen to sell and control) will
get a better outcome the ”next time”. With the same kind of ”short-circuit” thinking,
ICT designers might think that by creating more similar technology as before, they will
eliminate the original problems when they in fact only will strengthen them and in the
end make the issues unsolvable.
By keeping present and past sociological issues in mind the risk that we create new ones
is less than if we totally ignore them. Therefore the logical conclusion here would be
that: present sociological issues (and how we got into them) needs to be taken into
account in looking at how a new large-scale ISD framework should be constructed.
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2.1.1.4

Collaboration concept study

“Collaboration” [A4.29] seems to be a concept that was totally ignored and forgotten in
ICT system design until the “web 2.0” movement emerged and the “social media
revolution” took place, only some years back. This viewpoint can be seen clearly from
the material still presented (and written) today. Earlier in the theses we looked at the
“web” and “net” separation and segregation. The same kind of separation goes on with
concepts like “Communication” and “Information” or even more confusingly in the
total; “Information and Communication Technology” concept. For us to get a better get
a grip of Big Data issues it is important that we have these concepts well defined and
clear in our minds. The best place to start is to look at collaboration and to accept that;
humans are the core of these processes and the key drivers. The better the project takes
into account collaboration between stakeholders and agents the better the overall
process will also be handled and the output will be of higher quality. Base segments of a
good collaboration setups are: Strategy, Culture, Organizational structure, Business
Processes and Infrastructure elements of: joint vision, trust (based on honesty, ethics,
transparency), information sharing and a design [41].

Source: Verdecho et al [41]

2.1.1.5

Design concept study

The last element of this People segment that we will take a look at is the Design concept
and here in particular the User-Centered Design (UCD) [42] approach in HumanComputer-Interaction (HCI) [43] matters.
UCD in short has the objective to put users (People) in the center of the design focus.
Some typical UCD models and approaches are: a) Participatory design (PD) [44] and b)
Contextual Design (CD) [45] which have both contributed to the creation of the
“Human-centered design for interactive systems (ISO 9241-210, 2010) standard, which
says that:
•
•
•
•
•
•

“The design is based upon an explicit understanding of users, tasks and
environments.
Users are involved throughout design and development.
The design is driven and refined by user-centered evaluation.
The process is iterative.
The design addresses the whole user experience.
The design team includes multidisciplinary skills and perspectives.” [42]

HCI on the other hand looks at the deeper interaction between humans and machines
and especially with the aim for developers to automate tasks and routines. Based on
Rasmussen's [46] Skills-Rules-Knowledge view Boy [47] has created a view on how
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human-machine interaction has evolved until now and could evolve further. Here is a
picture what it could look like:

Source: Boy 2005 [47]

One new interesting UCD philosophy that has emerged lately and that I think has a lot
to contribute to the discussion here is “Experience Design” [48] (XD). It seeks to:
“develop the experience of a product, service, or event along any or all of the following
dimensions:
• Duration (Initiation, Immersion, Conclusion, and Continuation)
• Intensity (Reflex, Habit, Engagement)
• Breadth (Products, Services, Brands, Nomenclatures,
Channels/Environment/Promotion, and Price)
• Interaction (Passive < > Active < > Interactive)
• Triggers (All Human Senses, Concepts, and Symbols)
• Significance (Meaning, Status, Emotion, Price, and Function)” [48]
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Source: D Saffer [49]

Furthermore, when looking for suitable frameworks to use as view-models for UCD (or
better: Stakeholder Centric Design [11]) of larger software environments it amazing
how few actually have been published. Most of the common “Software Development
Philosophies” [50] are method-based and has to do with the mechanics of the system
development process itself.
The only two UCD based ISD view-frames that emerged during this research were
“AUTOS Pyramid” by Boy [47] and “PACT Framework” by Kriwaczek [51], that we in
the following will take a look at.
The AUTOS Pyramid can most easily be described by the following image:

Source: Boy [47]

In the AUTOS Pyramid framework the key elements of Artifact, User, Task,
Organization and Situation are studied through the views of a) situation awareness, b)
cooperation & coordination, c) usability & usefulness as well as d) situated actions. Boy
claims that, by using the AUTOS framework it has“been proved to be very useful to
drive human-centered design and categorize HMI complexity into relevant and
appropriate issues” [47]
The PACT concept on the other hand says that “An essential part of our approach to
designing interactive systems is that it should put people first; it should be humancentered. We use the acronym PACT (People, Activities, Contexts, Technologies) as a
useful framework for thinking about a design situation. Designers also need to know
about the features of interactive technologies and how to approach designing
interactive systems.”
Two images that best describe this framework are taken from the “PACT framework
handout” in Appendix 5 and they look like this:

•
•
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2.1.2

SYSTEMS concepts

Wikipedia defines “System” as: “A system (from Latin systēma, in turn from Greek
σύστημα systēma, "whole compounded of several parts or members, system", literary
"composition") is a set of interacting or interdependent components forming an integrated
whole” [54]. From an IoT and Big Data systems design aspect we must upfront agree that
the designed and built system environments will be a) very large b) consist of both hard
and soft parts, c) become complex both to build, maintain and manage and d) is an ongoing
(living) entity that has a lifespan of its own. Therefore, there are many aspects and concepts
to study when it comes to the concept of systems, of which below only are put forward the
most relevant ones.
2.1.2.1

Systems Science study

“Systems sciences covers formal sciences fields like complex systems, cybernetics,
dynamical systems theory, and systems theory, and applications in the field of the
natural and social sciences and engineering, such as control theory, operations
research, social systems theory, systems biology, systems dynamics, systems ecology,
systems engineering and systems psychology.” [A4.8]
With this in mind, it is rather safe to say that to successfully be able to design and build
larger collaborative computing environments, with many stakeholders and interests,
one should first understand what systems are and how they work together or what
makes them fail. In the following we take a look at the following 6 basic elements of
systems science theory that are maybe no so commonly know but which all are closely
related to the elements of this project.



Systems Theory
”Systems theory can reasonably be considered a specialization of systems
thinking, a generalization of systems science, a systems approach.” [A4.8]
Bánáthy has generalized the domains into four main domains of systems inquiry:
Philosophy, Theory, Methodology and Application [A4.8]. The in this researched
presented ISD view-frame is also based on these same ideas but the compilation
itself is different.



Cybernetics
”Cybernetics is a broad field of study, but the essential goal of cybernetics is to
understand and define the functions and processes of systems that have goals and
that participate in circular, causal chains that move from action to sensing to
comparison with desired goal, and again to action.” [A4.21]
Studies in cybernetics provide means for examining the design and function of
any system for the purpose of making them more efficient and effective and as
such has had a profound influence on the created ISD view-frame.



Intelligent Agents and Software Agents
”Intelligent agents (also known as rational agents) are not just software
programs, they may also be machines, human beings, communities of human
beings (such as firms) or anything that is capable of goal directed behavior.”
[A4.26]
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“ Intelligent agents may also learn or use knowledge to achieve their goals. They
may be very simple or very complex: a reflex machine such as a thermostat is an
intelligent agent, as is a human being, as is a community of human beings
working together towards a goal.” [A4.26]
Naturally there are many ideas and visions what “Intelligent Agents” and/or
Software Agents could be and what kind of impact they will have on us. One of
the more realistic visions of where we are headed has been well presented by
David Sigel [34] and illustrated by the following image:

Source: D Siegel [34]

What this image is telling us is that we for the last 10+ years have been living in
“the digital phase” of the Information Age. Right now, year 2012, we have
passed the peak of this phase. The Analog phase is almost over also. At this point
people have started to realize that we are drowning in the digital output that we
are producing so much of. Thus we see and hear talks about
“structured/unstructured data” [84] and “the semantic web” [63] to bring up a
few of the buzz-words. Siegel however sees “the semantic wave” as a transitional
phase since there is already a stronger need and will for “Automatic Computing”
underway. A major component of such a “Automated Computing” environment
would be Intelligent Agents and especially Software Agents based on this
concept. Such addition to our computing design will nevertheless increase the
complexity radically.


Complex Systems
By accepting that Big Data and IoT environments are Complex Systems [A4.60]
we will design and build them with much more care and professional attitude. By
underestimating the complexity of a system we not only delay the development
process but we also increase the cost of both the development process as well as
management and maintenance of the ready product. IoT/Big Data systems
become complex due to their size in combination with their dynamic nature. It is
however important to recognize the difference between disorganized complexity
vs. organized complexity [A4.59]. Our present ICT systems represent the first and
future systems (hopefully) the latter.
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Source: Wikipedia [A4.60]

“The key problems of complex systems are difficulties with their formal modeling
and simulation. From such a perspective, in different research contexts complex
systems are defined on the basis of their different attributes. Since all complex
systems have many interconnected components, the science of networks and
network theory are important aspects of the study of complex systems. [A4.60]



Ontology
”In computer science and information science, an ontology formally represents
knowledge as a set of concepts within a domain, and the relationships between
those concepts. It can be used to reason about the entities within that domain and
may be used to describe the domain.” [A4.12]

Source: Ontology Summit 2007 [35]

”Ontologies are the structural frameworks for organizing information and are
used in artificial intelligence, the Semantic Web, systems engineering, software
engineering, biomedical informatics, library science, enterprise bookmarking,
and information architecture as a form of knowledge representation about the
world or some part of it. The creation of domain ontologies is also fundamental
to the definition and use of an enterprise architecture framework.” [A4.12]
In IoT and Big Data systems designs clear ontologies are a key element of an
overall system quality. Without clear structures and a ”map” of what processes,
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instances, domains and objects are related to what, where, how and why there
will be no increase in the level of system intelligence and we will continue to
produce chaotic data and information instead of knowledge. A major decision in
the beginning of the design process is to set if the structure will be top-down or
bottom-up since it profoundly will impact on both how the system is built but
especially how it is used and the nature of the created environment [35].
Systems Engineering and Systems Architecture



”Systems Engineering is an interdisciplinary field of engineering focusing on
how complex engineering projects should be designed and managed over their
life cycles. Issues such as logistics, the coordination of different teams, and
automatic control of machinery become more difficult when dealing with large,
complex projects. Systems engineering deals with work-processes and tools to
manage risks on such projects, and it overlaps with both technical and humancentered disciplines such as control engineering, industrial engineering,
organizational studies, and project management.” [A4.20]
“The need for systems engineering arose with the increase in complexity of
systems and projects, in turn exponentially increasing the possibility of
component friction, and therefore the reliability of the design. When speaking in
this context, complexity incorporates not only engineering systems, but also the
logical human organization of data. At the same time, a system can become more
complex due to an increase in size as well as with an increase in the amount of
data, variables, or the number of fields that are involved in the design.” [A4.20]
Systems Engineering plays a significant role in IoT and Big Data systems design,
development and operations processes. Without a scientific design approach to
large and complex computer environments, like IoT setups almost always are, the
risk of failure is much too high. Therefore, these elements needs to be well
incorporated into our future ISD frameworks as well. Systems Engineering is
however not enough. An equally important role is played by having a well
defined and documented Systems Architecture (SA):
“System Architecture is the conceptual model that defines the structure,
behavior, and more views of a system. An architecture description is a formal
description and representation of a system, organized in a way that supports
reasoning about the structure of the system which comprises system components,
the externally visible properties of those components, the relationships (e.g. the
behavior) between them, and provides a plan from which products can be
procured, and systems developed, that will work together to implement the
overall system.” [36]
2.1.2.2

Socio-technical and Socio-cybernetics study

“Socio-technical systems pertains to theory regarding the social aspects of people and
society and technical aspects of organizational structure and processes. Sociotechnical refers to the interrelatedness of social and technical aspects of an
organization or the society as a whole. They are usually based on designing different
kinds of organization, ones in which the relationships between socio and technical
elements lead to the emergence of productivity and wellbeing.” [37]
It is rather evident that an IoT computing environment contains interaction between
humans as well as machines and thus qualifies as Socio-technical systems. That is why
this key aspect of the setup also needs to be studied and analyzed in detail as a part of
the ISD view-frame. The key question here becomes: – ”who owns the artifact and its
fruits?“ The more we connect devices to larger networks and automatically collect data
and information and further process them it to knowledge, the more critical this
question becomes. We also should ask ourselves:
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– Where are the boundaries between ”for common good', “humans rights” and
“freedom”?
– Who has been given authority to draw those lines and based on what norms?
In a sociological study these matters needs to be looked upon and analyzed with
regards regards to the systems we design and set up for us to use, as individuals and as a
part of the society we live in. [A4.1]. With the huge amount of cheap disk-space
available today it is not a question anymore IF data will be collected and processed, but
for how long it will be stored and how it will be used and what consequences it might
have on us or on our off-springs and future generations. At the same moment we also
need to look at what consequences it might have if we continue to live in the ”Data
Klondike” as we do now.
The Socio-cybernetics view of socio-technical systems design is that:
“All living systems go through five levels of interrelations (social contracts) of
its subsystems:
A. Aggression: survive or die
B. Bureaucracy: follow the norms and rules
C. Competition: my gain is your loss
D. Decision: disclosing individual feelings, intentions
E. Empathy: cooperation in one unified interest” [A4.31]
Therefore the Socio-cybernetics ideas can be seen as “equation for life" and that in
socio-technical systems designs and frameworks things should be kept “real” and
“grounded” [A4.31]
2.1.2.3

Information Systems (IS) study

Almost all information systems we build today are digital and computer driven. In such
an environment we easily forget that it has not been the case for very long. More
importantly; not does all information systems in the future have to be computer driver.
It is just a fixed idea, very successfully promoted to us by computer salesmen. There is
plenty of room and also need for other kind of information systems to be designed as
well, like paper based and/or mechanical systems, like we have had for thousands of
years already and that have served us so well. Are we maybe progressing too fast into
digitalizing the world and in that effort we destroy old knowledge and even significant
wisdom for mankind? To have a balanced view about these options we need to take a
basic looks at information systems, what they are and where they originate from to be
able to see how we could go further from here.


History of IS and ICT
The history of IS and ICT can be divided into four basic periods characterized by
how people used to solve the Input, Processing, Output and Communication
problems of the time and thus can be classified as : Pre-mechanical, Mechanical,
Electromechanical, and Electronic innovations [61]. The emergence of a new
processing technologies has not meant that and old one has totally been replaced,
as we can see presented by Butler [61] as follows :
a) The Pre-mechanical Age: 3000 B.C. - 1450 A.D.

•

Writing and Alphabets - Communication: First humans communicated through
speaking and drawing pictures. 3000 B.C., the Sumerians in Mesopotamia devised
cuniform. Around 2000 B.C., Phoenicians created symbols. The Greeks later
adopted the Phoenician alphabet and added vowels; the Romans gave the letters
Latin names to create the alphabet we use today.
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• Paper and Pens - Input technologies: Sumerians' input technology was a
stylus that could scratch marks in wet clay. About 2600 B.C., the Egyptians write
on the papyrus plant around 100 A.D., the Chinese made paper from rags, on
which modern-day paper-making is based.
• Books and Libraries - Permanent Storage Devices: Religious leaders in
Mesopotamia kept the earliest "books". The Egyptians kept scrolls. Around 600
B.C., the Greeks began to fold sheets of papyrus vertically into leaves and bind
them together.
• The First Numbering Systems: Egyptian system - The numbers 1-9 as vertical
lines, the number 10 as a U or circle, the number 100 as a coiled rope, and the
number 1,000 as a lotus blossom. The first numbering systems similar to those in
use today were invented between 100 and 200 A.D. by Hindus in India who
created a nine-digit numbering system. Around 875 A.D., the concept of zero
was developed.
• The First Calculators: The Abacus created between 2700–2300 BC in Sumeria
b) The Mechanical Age: 1450 – 1840
• The First Information Explosion: Gutenberg ( Germany) Invented the
movable metal-type printing process in 1450. The development of book indexes
and the widespread use of page numbers.
• The first general purpose "computers" : Actually people who held the job title
"computer: one who works with numbers."
• Slide Rules: (Early 1600s, Oughtred), the Pascaline: (Pascal (1623-62)) and
Leibniz's Machine: ( Leibniz (1646-1716)).
• Babbage's Engines: (Babbage (1792-1871)): The Difference Engine, The
Analytical Engine, The "store", The "mill", Punch cards.
c) The Electromechanical Age: 1840 – 1940
• The Beginnings of Telecommunication: Voltaic Battery (Late 18th century),
Telegraph (Early 1800s), Morse Code (1835), Telephone and Radio (Bell 1876)
• Electromechanical Computing: (Herman Hollerith and IBM. In 1880),
Census Machine, Early punch cards.
• Mark 1 (Aiken, 1941)
d) The Electronic Age: 1940 – Present
• ENIAC (Eckert and Mauchly, 1946): Electronic vacuum tubes.
• The First Stored-Program Computer: Manchester Mark I (1948, UK)
• The Five Generations of Digital Computing:
➢ First Generation (1951-1958): Vacuum tubes, Punch cards to input and
externally store data, Machine language, Requires a compiler.
➢ Second Generation (1959-1963): Transistors, Magnetic tape and disks,
High-level programming languages (FORTRAN and COBOL)
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➢ Third Generation (1964-1979): Integrated circuits, Operating systems,
Advanced programming languages (BASIC)
➢ Fourth Generation (1979- 1995): Microprocessors, Fourth generation
language, Graphical User Interfaces (GUI)
➢ Fifth Generation (1995 - present): Ubiquitous computing, virtualization,
wireless networks, Web programming [61]


Data to Knowledge
Einstein said that ”Information is not knowledge” [76] but he did not specifically
define either one of them for us. Maybe it was not clear to him! Looking at the
ICT literature today it is not clear to many what the concepts of Data,
Information and Knowledge means and how they are interrelated to each other.
This has and still creates lots of confusion and misunderstanding in the daily
communication. As such, it might be worth the effort to make it a bit more clear
before we go further with related matters.
The internal relationship between these concepts has been sometimes presented
as D-I-K and sometimes as D-I-K-W models [55] , which best are illustrated by
the following images :

Source: Wikipedia [55]

Source: Clark [77]

The terms Data, Information and Knowledge are frequently used for overlapping
concepts, depending on who is talking and about what and when. The consensus
however seems to be that the main difference is in the level of cognition about
the considered subject. Data is the lowest level of cognition, information is the
next level, and knowledge is the third level among them. In some context
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Wisdom is the ultimate, “4th level”, of cognition but for the scope of this work it
is enough to end the study at the Knowledge level.
◦

Data:

”Data as an abstract concept can be viewed as the lowest level of
abstraction from which information and then knowledge are derived. Raw
data, i.e. unprocessed data, refers to a collection of numbers, characters
and is a relative term; data processing commonly occurs by stages, and the
"processed data" from one stage may be considered the "raw data" of the
next.” [A4.24]
Data carries no cognitive meaning on its own. For data to become
information, it must be further processed and thereby gain a meaning.
◦

Information:

Supposing that the English word “Information” it rooted in the Latin verb
informare, (to give form, to form an idea of) and furthermore since the Latin
word informatio means “concept or idea”, we get a basic definition of the
concept of information [A4.25]. Furthermore, if we accept the definition of
Communication as “a process whereby information is enclosed in a
package and is channeled and imparted by a sender to a receiver via some
medium” [A4.28] then we understand that they are very closely related. The
“enclosed package” is the data formats and standards that we use to transmit
and store the information in and around. According to Flensburg,
information can further be broken down into the elements of structure, data
and bits and thereby presents: Information = data + structure [13]
Looking at it from this viewpoint one could argue that information (as seen
and used daily) is purely structured and standardize communication that we
sometimes store to become available for later use, as asynchronous
communication. When we read a book written 100's of years ago, it is in fact
a person from the past who is communicating to us his/her ideas and thereby
influencing our thinking and actions, here and now. This simple example
shows us that the line between communication and information is so blurry
that it's really hard to see where one starts and the other one ends. In IoT
setups this becomes challenging since we have cross communication
between humans, machines and software agents and the timespan between
when data is produced and used and when it becomes (critical) knowledge
might be either nanoseconds or years.
What makes these things even more confusing is that, in many cases the
sender and receiver might be the same agent only separated by time.
Writing/recording notes and memos are examples of this. We tend to write
important things down, to remember the ideas and thoughts accurately at a
later point and then build further thoughts and ideas based on the earlier
ones. In such case, we merely transmit information into the future (to our
selves) for possible further processing and actions hopefully leading to
something more valuable. We think that people talking to themselves are
funny, and maybe even a bit crazy, but writing notes are memo’s and
creating pictures/drawing is basically the same – communicating primarily
our thoughts to ourselves and secondarily to others.
All this creativity around Information is call Processing or Process .
Therefore it's safe to say that; without some level of processing there is no
information.
◦

Knowledge:
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Many people have given definitions and models for what knowledge is, as
they have experienced it. Here are some definitions to look at :
According to Hosel and Bell, knowledge is “An ideational (i.e. conceptual
rather than physical) construct generated through the agency of the human
mind” but they go on then to add that “there is no single definition or
agreement of overall parameters of knowledge” [57].
Flensburg defines knowledge as : knowledge = context + content; where
content is defined as: content = information + meta-data. Meta-data again is
seen as “additional information about the information” [13].
Oxford English Dictionary defines knowledge as: (i) expertise, and skills
acquired by a person through experience or education; the theoretical or
practical understanding of a subject; (ii) what is known in a particular field
or in total; facts and information; or (iii) awareness or familiarity gained by
experience of a fact or situation. [56]
Since my task in this study is to present a new design view-frame for
complex IT systems I think that it's important that I also present how I see
the concept of knowledge and why I have come to this particular point of
view. My ideas can best be shown with the following simple image on
where knowledge originate from and how it is created:

Picture 5

My views, thinking and opinions presented on this matter have been
influenced over the years by the works of many, of which Housel & Bell
[57] as well as Liebowitz and Wilcox [58] books have been the most
important ones. In short my thoughts are as follows:
Knowledge is the result of high quality Process(ing). The process can
happen inside the mind of a very smart person (it happens there but is
impossible to see, touch or define) or from few to many people working
together in a more or less systematic manner. Process in this sense can be
seen as the sum of contributing People + (hard and soft) Systems in use.
Information is see as a system components. The value of the created
knowledge is a totally different matter with its own model of creation.
Process is driven by People. Without people there is no (knowledge
creation) process. People have to build and create the process frame and then
drive and manage it. There needs to be a force behind a process 'to flow' and
in knowledge creation that force comes from human attitudes (wants). The
problem with humans however is that they can have a constructive or
destructive attitude (even at the same moment) and drives the processes
accordingly. The clearer the process is (objectives, steps, tasks, history etc)
the easier it is for people to: stay put, stay focused and contribute positively
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and also add constructive critique to both the content and the context.
Naturally the opposite is also true.
People need a Facility where to do/Process matters. This is, in my
experience the most overseen part of the knowledge creation concept in
other views that I have seen. Without an organized Facility (place, space,
forum etc) the Process will happen but no (or very little) knowledge will
come out. A Facility needs to be designed and built for the purpose of use
(lab vs office vs meeting room vs auditorium vs stadium). This is the case
both for physical as well as virtual spaces. People communicating with each
other and exchanging information will not lead to much progress by itself.
For some it might set off a Process in their head (their personal/private
Facility) and lead to a 'spin-off” project of some kind. In the end People
need to “Get Organized” and “Walk the Talk” to achieve something tangible
that can be classified as Knowledge. The Facility is the base where the
“organization” has its roots and the decisions are made and Process
happening and records kept. In the early days it was always a physical space
(e.g. room) but now it can, and should, as I see it) be done in virtual
computer/software environment = eFacility. The better the eFacility is
designed for the purpose of creating knowledge, the better the people will
feel and the better/easier the processing will happen with good and steady
knowledge output as a result. I have studies, created and lived personally in
such environments for the last 10+ years and I have seen the clear,
measurable benefits and evidence of them. I have also seen how badly and
wrong designed Facilities creates bad knowledge creation environments,
both online and off-line.
The last thing about knowledge that we need to talk about within the scope
of this paper is the VALUE of it. Since all knowledge has it's own specific
value (based on the supply and demand) knowledge (as well as information)
can be seen as an asset, the same way as its physical counterpart. The only
difference is, that knowledge is intangible and thus a bit harder to “put the
finger on”. Overtime we will however create better and more accurate
methods and system to measure both the quality and quantity of knowledge
and that will also make it easier to deal with knowledge as a commodity,
like silver or gold. To some extent this is already the case with patents,
copyrights, trademarks, brands and many other Intellectual Property Rights
(IPR), which all consists of larger amounts of Knowledge.
In the future the human factor can be taken out from the above and the word
“People” can be replaced by Intelligent Agents [A4.26] instead. However,
since we are not even close today to being able to create that kind of
intelligent artifacts I prefer to talk about humans. After all, it is possible that
we never will be able to create high-enough-level Artificial Intelligence that
would be able to drives processes good enough without human intervention.
Naturally, if we would accept more “random” thinking (e.g. Fuzzy logic
[37]) and unpredictable outcome then the situation could happen rather fast.
Nevertheless, knowing the humans nature and its need for controlling the
outcome it is not likely to take place any time soon.
By looking at and providing answers to these kind of questions I hope to better be
able to set a more realistic frame for the broader topic at hand and thereby my
study of focus.


Big Data and Extreme Information Management
”Big Data consists of datasets that grow so large that they become awkward to
work with using on-hand database management tools. Difficulties include
capture, storage, search, sharing, analytics, and visualizing. This trend
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continues because of the benefits of working with larger and larger datasets
allowing analysts to "spot business trends, prevent diseases, combat crime.” [38]
Data sets also grow in size because they are increasingly being gathered by
ubiquitous information-sensing mobile devices, aerial sensory technologies
(remote sensing), software logs, cameras, microphones, Radio-Frequency
identification readers, and wireless sensor networks, and so on.
Informatica has defined Big Data as : “ There are three aspects of big data:
Big transaction data: Massive growth of transaction data volumes
Big interaction data: Explosion of new types of data, e.g. social media and
device data
Big data processing: Highly scalable processing” [39]

Source: Informatica [39]

IBM first described Big Data as having the characteristics of extreme Volume,
Velocity, and Variety [25]. Forrester then later added Variability [26] to the
formula. McKinsey Global Institute then added Value as a fifth ‘V’ element
[27]. Mark Beyer of Gartner finalized by saying that there are actually 12
dimensions to Big Data, or as Gartner calls it: Extreme Information [28]. To
explain the concept of 12-dimensional Extreme Information, Gartner presents a
graphic that shows three tiers of information management, with four dimensions
in each of the tiers, as follows :
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On the first tier of the Extreme Information concept of Big Data, we see the
characteristics of Volume, Velocity and Variety, as well as a dimension of
Complexity. The axis representing the volume element is labeled as being the
same as the original ‘Big Data’ concept. The second tier has more to do with
understanding and analyzing the created information. Thus, it consists of the
dimensions of Technology, Pervasive Use, Classification and Contracts. The
third tier of EIM considers aspects related to replenishing and cleansing data and
information to maintain relevance giving us dimensions as Validation, Linking,
Fidelity, and Perishability.
What is significant here to observe is that the concept of “Extreme Information”
is so new that it has not even been defined in Wikipedia when this research is
done. Nor can EIM be found in general ICT research or literature. That does not
however mean that it is not important. It just means that these concepts have
reached a complexity level now in which new concepts takes longer and longer
time to form. There might even occur disputes about what new concepts should
be called what and who coined and described them first. Nevertheless, based on
my own work for the last ten years, I agree with what Gartner presents. I also
think it is very helpful for everybody that a concept like ”Extreme Information”
now has been defined, regardless of what it will be called later. The only element
missing in my perspective in the Gartner view is Duration if it is not then the
same as Perishability.
It is also worth mentioning that it is the “Management” part of “Big Data” that
makes the Information so “Extreme”. As long as we just collect data into
databases without really knowing why or with a higher re-usage purpose it all is
just about how fast our systems can move the digits in and out of the storage.
When we need to make sense of the data (for it to become information) it all
becomes much more complicated. Based on this one could assume that the next
“discovery” will be that after “Extreme Information” will come “Extreme
Knowledge” which again will be a many times more complex concept that what
EIM is defined as now.


Future Internet
Accordingly to Wikipedia it simply is: ”a general term for research activities on
new architectures for the Internet.” [62] but in reality it is much more than that.
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In the following we are going to take a look at two of the most interesting trends
in the Future Internet R&D activities, namely:
◦

Semantic Web:

”The Semantic Web is a collaborative movement led by the World Wide
Web Consortium (W3C) that promotes common formats for data on the
World Wide Web. By encouraging the inclusion of semantic content in web
pages, the Semantic Web aims at converting the current web of unstructured
documents into a "web of data"” [63]
The aim of W3 is to set the basic standards in place for a semantic network
to emerge, that in essence “ represents semantic relations between concepts.
This is often used as a form of knowledge representation. It is a directed or
undirected graph consisting of vertices, which represent concepts, and
edges.” [64]
The Semantic Web efforts that are taking place around the worlds are
important for IoT and Big Data systems projects since both the transactional
data traffic as well as the collaborative information traffic needs to become
connected over a fully semantic network. If networks are not semantic, then
the created objects are processes will not be able to link together and the
content cannot be less chaotic than what it is today.
◦

Internet of Things:

The shortest definition of what IoT is, has been presented by Wikipedia, as:
”The Internet of Things refers to uniquely identifiable objects (things) and
their virtual representations in an Internet-like structure. “ [65]
Many more have however published their view on what they want IoT to be
and here are some of the more important ones presented:
CASAGRAS: ”A global network infrastructure, linking physical and virtual
objects through the exploitation of data capture and communication
capabilities. This infrastructure includes existing and evolving Internet and
network developments. It will offer specific object-identification, sensor and
connection capability as the basis for the development of independent
cooperative services and applications. These will be characterized by a high
degree of autonomous data capture, event transfer, network connectivity
and interoperability.” [66]
CERP-IoT : “Internet of Things (IoT) is an integrated part of Future
Internet and could be defined as a dynamic global network infrastructure
with self configuring capabilities based on standard and interoperable
communication protocols where physical and virtual ‘things’ have
identities, physical attributes, and virtual personalities and use intelligent
interfaces, and are seamlessly integrated into the information network.”
[66]
Even the European Commission has come out with their definition as: “See
the Internet of Things as a general evolution of the Internet “from a network
of interconnected computers to a network of interconnected objects”[66]
The most interesting picture that I have seen on IoT is shared by Coetzee
and Olivrin [80] which looks like this:
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Source: Intech [80]

What is important to recognize here is that there seems to be a very clear
consensus among the worlds ICT decision makers that the physical world
we live in must become connected to the virtual artifacts in the future
systems. We cannot have computerized holograms of the world which are
not linked together with what “really” is happening. For example, if we have
an asset in a accounting program there much be a clear connection to the
physical object that is supposed to be in our possession in the warehouse.
Only unique IDs and RFID tags are not enough for this. We also need both
object and process structuring and software that build relationships between
both physical and virtual objects and related processes. The software
platform that might be the most sophisticated in this regard and designed out
of these views is WorkACE [78].
2.1.2.4

IS Design study

One of the things that this research has shown, is that IS design is, due to historical
reasons, divided into two very separate groups. There is the “PC view” in which
software is designed for personal usage and then there is the “larger need” which is
modeled after enterprise needs. Oddly enough, so far there has not been seen a need for
group or team computing design setups nor for government, supply chain or universal
design needs. In the following we will take a more detailed look at the today existing IS
design models.


Personal Usage – The Product concept
In this design view-model the individual is put in the main focus as the “user”
because he is the ”paying client”. All the design efforts in this model are put on
creating features that are appealing to “the user”. The designed features also
needs to easy to sell in one update after another. As a result, we have today on the
market plenty of software that started out as smaller software tools designed to
tackle a simple issue that then overtime has gotten more functionality and
features but that not necessarily make the user more productive. Since the buyer
is the user his personal experience becomes the limiting factor of the design. In
other words, this design model can only reach as far as the user can ask or
demand. If the user never ask for more than what he already gets, there is no
driver is in place to propel higher levels of innovation since the ambition is only
to “sell” what the user is ready to buy. Many times, in such a development model,
its is actually better to stick with what has sold before and not to make too big
changes since the user-clients are accustomed with a certain setup.
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In the ”Personal Usage” model it is also assumed that applications that are
designed for a single user is what is needed for a larger structure, like a team or
group. It is sort of a brick or Lego thinking in which all needs are the same.
People are the same and groups are the same. This is however not always the
case. 1+1+1 is not always 3 when we take into account that people are
individuals and they have a private life and a public life and that there are many
cultural differences between us. A personal software can be seen as a tool (to
some degree) but for a group it becomes some sort of an virtual environment. PC
stand for “Personal Computing” and that has indeed also become the defining and
limiting criteria for these designs.


Enterprise Usage – The Work-flow concept
Large (not clear where the line is drawn) computer information systems seems
originally have been designed based on “Enterprise” models that originate
mainly in US defense and government projects in the 1960's. In the late 80's the
Zackman framework [67] was created for civilian use. Today we can see many
Enterprise Architecture frameworks [A4.32] being used as view-models for the
the design and setup of the environments.
The main issue with these models is that they are all very top-down [A4.22]
driven and very military like, just like their predecessor. In other word the
organization and its needs comes first and the people's needs are secondary. This
creates virtual computing environments which are cold and unfriendly and
basically not designed for convenience or comfort but only for rigid organization
of information and process needs. Most often these systems are work-flow
driven, just like accounting and manufacturing control systems are designed. The
productivity in such systems are very low since everything is kept in silos and
people are seen as “data operators” only who a) put data into the system and b)
take it out.
Very few (if any) of the present Enterprise based systems are designed from a
collaborative and dynamic processing standpoint. At least this research has not
put forward any and not has my work as ICT systems builder the last 10 years. If
there are any collaborative features found they are normally added afterwards as
additional features and thus does not integrate with the basic program structure
and database design. The following picture published on Wikipedia tells it all.
There is no room for “people” in this world-view and design:

Source: Wikipedia [A4.32]
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2.1.2.5

A domain specific study

The domain that we have chosen to study for this research project is the eHealth sector
but it could be any other of many fields as well. The reason for choosing eHealth is that
many of the earlier listed global sociological issues can be minimized by having a
better healthcare system and the assumption is that ICT and especially IoT can be of
great help in this event. Is this however true? Many studies have been done in this
regard both in North America as well as in Europe on and around this matter. Let us see
what they have concluded.


eHealth
In USA, Dr Roberto J Rodrigues, A Special Assistant to President Obama, has
concluded that “Strengthening health systems through ICT works for greater
equity, solidarity, quality of life and health, and ultimately contributes to the goal
of poverty reduction” [28]. Rodrigues specifically points out that this vision is
captured in the UN Millennium Development Goals Target 18 saying that: ‘In
co-operation with the private sector, make available the benefits of new
technologies, especially information and communications.’
Rodrigues goes on by saying that: “E-health addresses new healthcare trends by
facilitating individual information capture, data mining, and concomitant access
by multiple stakeholders. It promotes evidence-based decision making and
continuity in the relationship between provider and client, and increases client
participation. In particular, it supports the partnering of providers, insurers and
clients, and brings about transparency and co-operation among healthcare
providers, breaking down the barriers between independent professional roles.”.
Here the concepts of “multiple stakeholders”, “evidence-based decision making”
and “partnering of providers” are the key elements of the future setup needs.
In this view it is not a) possible for one provider to alone to build and provide
sufficient eHealth services of a true value and b) from a security and strategic
standpoint not a very good structure since the risk for misuse would increase
significantly.
Dr Rodrigues has listed eHealth applications to address a range of healthcare
challenges:
•

•
•
•

•

•
•

Standardized information exchange and networking: information needs
to flow between healthcare facilities, levels of care, and caregivers,
assisting in forecasting demand and responding to it.
Improvement in care-level links for consultation, logistics and quality
assurance.
Disconnection in care provision, the overlapping of responsibilities, and
wasteful use of resources.
A wide variety of expectations about greater access to healthcare and
information, telehealth services, second opinion, communities of
practice, evidence-based decision support, reduction of errors,
consumer-oriented information, and health promotion.
The requirement for custom-built products and services
(individualization of care) and real-time delivery (to improve customer
satisfaction).
The growing need for professional continuing education and the
bridging of the ‘know-do gap’.
The need to keep evidence-based explicit knowledge up to date.

As the main element with regards to issues Dr Rodrigues brings up “The Human
Factors” and especially the qualities of: Awareness, Skills, and Leadership in
building the future eHealth environments. He further writes: “ People are central
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to the creation and use of e-health products and services. Changes of strategies,
structures, and form of service delivery must be accepted by direct care
professionals – they must adapt, learn new skills and competences and, above
all, acquire and commit to new mindsets and attitudes”.
The other issue points that he brings up to take into account are:
•
•
•
•
•
•

Organizational and governance enablers
Standardization, technology distribution, access, and utilization
Security and privacy
Investment and continuity
Government action
International co-operation

In EU there there is equally strong forces that promote ICT usage in healthcare
and push strongly for initiatives to build eHealth solutions but who also wants to
point of the risks involved if the new systems are not built with a comprehensive
design models in mind. Two such people are Blobel from eHealth Competence
Center, University Hospital Regensburg and Frank Oemig from Agfa Healthcare
GmbH, Bonn, Germany who in their research paper ”Ontology-Driven Health
Information Systems Architectures” [29] very clearly concludes that:
1) eHealth are timeless, ubiquitous computing setups that must be built futureproof.
”As healthcare paradigms turn towards ubiquitous care, which is personalized,
intelligent and independent of time, location and resources, future-proof and
sustainable health information systems have to support this paradigm by
enabling ubiquitous computing.” [29]
2) eHealth systems design must be based on a comprehensive frameworks.
”Necessary multi-disciplinary, intelligent solutions for the health business
domain must be based on a comprehensive architecture framework formally
expressing all components of the business system in structure, behavior and
interrelationships throughout the entire development process, covering
requirement analysis, design, implementation, evaluation, use, and
maintenance.” [29]
3) eHealth is extra problematic from a business viewpoint.
”The business view (i.e., the computation independent model of the system) is the
challenging part of the game.” [29]
4) eHealth needs to be built on ontological architectures
”From an architectural perspective, architecture vision, business architecture,
information system architecture, and technology architecture of the business
system have to be provided consistently at the required level of
comprehensiveness. The challenge in eHealth systems and their services is to
achieve semantic interoperability and sustainability by avoiding misconception
of the integrated business processes and solutions. Standards and methodologies
must be selected or developed, and a unified process has to be established.” [29]
As a result of their work Blobel & Oemig suggest that the following Ontological
four base level model should be used [29] :
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In practice what it means is that, if the above crucial elements are not included in
the systems design models is that the collected data and generated information
will not become ”intelligent” since it will:
a) not be clear what the used words and expressions mean
b) how they are structured
c) what communications standards are used and
d) what the order of importance is.
Information without these attributes and characteristics can not have a longterm
lifespan and value since they are built on tacit knowledge only that will leave the
environment with the information producers at some point in time.
The EU government has been and is very actively driving ICT usage in
healthcare and has funded and started many eHealth projects. It is possible to
read about these initiatives on the eHealth: Better healthcare for Europe program
website [30] where we can read that:
”At EU level, the introduction of eHealth services is facilitating access to
healthcare, whatever the geographical location, thanks to innovative
telemedicine and personal health systems. eHealth is also breaking down
barriers, enabling health service providers (public authorities, hospitals) from
different Member States to work more closely together. If a particular treatment
can be provided to a patient more effectively in another country, eHealth systems
make it simpler to organize and carry out treatment abroad. Suppliers of eHealth
tools – such as databases for patient records, mobile monitors which transmit
data automatically, or handling systems for patient call centers – also benefit
from the development of a European market in the sector, which has enabled
them to build a strong base from which they can tackle the global market.” [30]
In addition, in the EU member countries there are equally strong forces that are
looking for new and better solutions for the healthcare challenges. In Sweden,
where our case project is located, we can spot initiatives like VINNOVA [31]
that has funded many eHealth research projects over the years. Two projects that
are very relevant to this study and therefore needs to be brought up at are
”OLD@Home” by Koch et al [32] and ”Elderly Healthcare, Collaboration and
ICT - enabling the Benefits of an enabling Technology” by Olve & Vimarlund
[33].
If we first look at the latter we can see that Olve and Vimarlund has come to the
conclusion that:
“Structures and models for analyzing the relevant system of care, decision
subjects (actors) within the system, and their motives and situations, will be
needed. It was argued that this is a form of evaluation, which should include a
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high degree of awareness concerning the care system being studied. Several
important issues in achieving this were identified:
•

•

•

Evaluation must recognize that there are nearly always multiple actors
involved in the type of projects we are considering here. Their identity,
interests, and likely actions need to be addressed.
Their joint processes will have an impact on several societal ‘capitals’.
We suggested that three in particular need to be studied:
housing/residency, care capacities, and human competences/knowledge.
Different care solutions, based on different ways of utilizing ICT, will
present very different demands on, and utilization of these three capitals.
Collaboration requires knowledge about other actors with whom you
need to cooperate, trust, and institutional arrangements that are
conducive to collaboration. All three together influence the effective
governance structure, which may be distinct from a formal governance
arrangement. For instance, personal contacts and trust in partners’
motivation may compensate for a financing solution that is considered
unfair. Thus, in evaluating actors’ situation when preparing for an ICT
implementation, it may be important to get a good understanding of their
views of each other.

With regards to ISD theory for eHealth Olve and Vimarlund shows summarizes
their ideas in the following image [33]:

•

As a part of the OLD@Home research project, Koch et al [32] also studied and
analyzed the basic communication setup between the core stakeholders. The
studied communication was only between the immediate care providing team and
did not take into account the larger stakeholder needs. Nevertheless the study
gives us a insight in the complexity of the communication model needs:
“A problem described in home care of elderly patients today is the time spent on
trying to communicate within the care providing team which is distributed and
heterogeneous. In order to reduce these communication activities, which are
described as very time consuming and frustrating. It is crucial to identify and
describe the communication flows in terms of between which parties they occur,
and what their purposes are.”
The basic “who-talks-to-who” communications flow between the people in a
typical “Patient at home” setup Koch et al present as follows:
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Reproduced from Koch et al's image [32]

About the quality of the communication information and how it is created Koch
et al says that:
“There are, of course, different reasons for the communication going on within
home care, and in order to reduce the amount of communication necessary these
reasons have to be identified. Analysis of the communication flows described
above, and the work scenarios they are based on, shows that there are three
mayor problem areas where communication is used to cope with the situations;
(1) POC information access, (2) POC documentation facilities and (3)
coordination of activities. [32]
In order to reduce the amount of communication necessary within the home care
sector, POC information access, POC documentation and coordination of
activities within the work group need to be facilitated. In order to support POC
information access and POC documentation, it is crucial to identify exactly what
information the different health care professionals need in their mobile work
situations.” [32]
In clear text put, what they say is, that there is so much communication
happening in the care-taking process all the time that it must be based and
connected to processes (= what is done and when). Moreover, the access to data
and the facility where it is kept is crucial for efficiency as well as for security.
Last but not least they say that the ”activities needs to be facilitated”, which
means that management structures needs to be in place as well as related data,
people and process hierarchies.
We end the domain specific study by saying that some service providers have already
entered the market with their solutions and service models. Examples of two such
companies are: the small SmartCare in Finland [85] and the big multinational Accenture
[86] who both sees this field as an interesting business opportunity.
2.1.3

QUALITY concepts

The word “quality” is often used for many different meanings. Quality can be defined
as “fitness for use,” “customer satisfaction”, “doing things right the first time,” or
having close to “zero defects.” These definitions are all correct views, because quality
can be seen as the measurement of the systems degree of excellence. The Quality Digest
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magazine defines quality as “'the ongoing process of building and sustaining
relationships by assessing, anticipating, and fulfilling stated and implied needs.'” [52]
Quality Control (QC) is the science of keeping these characteristics or qualities within
certain predefined limits though Quality management methods and Systems [A4.70].
For ICT system designers it is especially important to pay attention to Information
Quality [A4.71] matters since these are the base input elements of the designed system
that the processing and output elements are based upon.
Thus, the key elements to “high quality” therefore is to a) collect all needed Knowledge
(see above how), b) analyze the given results objectively, c) feed the unbiased results
back into the system and d) set new criteria to measure the artifact by.
2.1.4

VELOCITY concepts

Wikipedia tells us that “velocity is the speed of an object and a specification of its
direction of motion. Speed describes only how fast an object is moving, whereas
velocity gives both how fast and in what direction the object is moving.” [A4.77].
This view is very important to remember in IS design and development since only R&D
efforts that lead to the desired outcome will count. In the endless number of failed ICT
projects over the last decade there has for sure been speed but very little velocity. Many
ICT project managers still today measure hours put in as the proof that something
important has been achieved. The truth could not be further away. The output of a ICT
project is the only real measurable value and that means that the “direction of motion”
must be taken into account as well.
The Agile Software Development method [59] is the only group of methods that clearly
points the Velocity aspect out to the development team. Thus “Agile Development” it
also is the preferred method in use in serious software development projects today.
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2.1.5

DURATION concepts

When looking at ICT development projects from a duration standpoint it has to be done
both from (1) a project duration as well as (2) system life-cycle viewpoint. In practice
this means that the faster a system has to be built and the longer lifespan it is designed
for the more it will cost and vise versa. If these matters are not accounted for in the
design phase of the process they will have to be address later with a significant impact
on both the project timelines as well as quality of the artifact.
One view on the (1) “time-cost trade-off” matter has been given by NetMBA who says
that:
“A procedure for determining the optimal project time is to determine the normal
completion time for each critical path activity and a crash time. The crash time is the
shortest time in which an activity can be completed. The direct costs then are
calculated for the normal and crash times of each activity. The slope of each cost
versus time trade-off can be determined for each activity as follows: Slope = (Crash
cost - Normal cost) / (Normal time - Crash time)” [60]

Source: NetMBA [60]

With regards to part (2) of the duration study; Application Life-Cycle Management
(ALM) [A4.81] and Systems Development Life-Cycle (SDLC) [A4.80] ideas comes in
focus. These are both domains in which lot of efforts have been put in to create feasible
models and methods of which the earlier mentioned Agile methods are the ones that
support the views of my ISD framework as well.
2.1.6

ECONOMY concepts

The last, but not least, of the studied concepts is related to the financial aspects of the
ISD project. By looking at “the financial numbers” the true motives and objectives of
building and running a system are normally found. Without understanding the basic
drivers behind a IS project it is also very difficult to meet the expectations and to design
the artifact accordingly. Naturally economics is a total field of its own and the idea here
is only to study the most basic economical concepts which are directly related to the
design of ICT systems.
The most significant concept in this regard is TCO or Total Cost of Ownership [A4.84].
TCO analysis is a financial calculation of all direct and indirect costs of getting and
owning a product or system for a specified period of time. In general terms it is
expressed by the formula of: TCO = CoA + CoC + CoO + CoM + CoP + CoD, where;
•

CoA; Cost of Acquisition = design, engineering, procurement, equipment cost,
auxiliary equipment cost, inspections and documentation

•

CoC; Cost of Commissioning = construction, testing, training and technical
support
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•

CoO; Cost of Operation = energy, operating personnel, facility costs, support
and handling for raw materials

•

CoM; Cost of Maintenance = maintenance personnel, maintenance facility cost,
test equipment, maintenance support and handling cost, maintenance spares and
repair parts

•

CoP; Cost of Production = includes production losses, quality cost,
environmental cost and cost of redundancy

•

CoD; Removal and Disposal Cost reduced by any reclamation value

More specifically for ICT systems the cost-breakdown would look something like this:

Source: NetMBA [60]

Furthermore, since ICT systems to a higher degree all the time have become more
socio-technical systems (especially in IoT) it is of importance to understand the
Ecological Economics [A4.86] aspects of the designed artifact and with what kind of
Social Costs [A4.86]can emerge from it. Wikipedia tells us about this that:
“According to ecological economist Malte Faber, ecological economics is defined by
its focus on nature, justice, and time. Issues of intergenerational equity, irreversibility
of environmental change, uncertainty of long-term outcomes, and sustainable
development guide ecological economic analysis and valuation.”

Source: Wikipedia [A4.86]

39

2.2. Create a View-model for EIM Systems Design
Before we start the process of looking at the new ISD view-model it might be good to take
a look at what they are. Wikipedia define a View-model as : “A view model or viewpoints
framework in systems engineering, software engineering, and enterprise engineering is a
framework which defines a coherent set of views to be used in the construction of a system
architecture, software architecture, or enterprise architecture. A view is a representation
of a whole system from the perspective of a related set of concerns” [A4.33]
2.2.1

Why a new ISD Framework?

As the research part of this work has shown; It seems like the existing ISD frameworks
have either been developed by and for designing a) smaller, stand-alone software
applications and then for b) transactional enterprise needs. No view-models seems to be
available/ready that could be used for designing collaborative complex ICT systems
reaching over organizational boundaries. This is however what future IoT and other
similar Extreme Information Management environments will need.
The objective by presenting a new framework is not to try to replace any of the existing
ones but to offer new ideas that might lead to better IS design.
2.2.2

An ISD viewpoints framework for EIMS based on QXS

The created ISD framework for this project is based on the QXS philosophy but has been
influenced by some other schools of though as well (as stated earlier). The new ISD
framework can be seen in Appendix 6. In the following segments I will in detail go over
the parts of the model and I walk you through the basic flow and logic of the created
model.
The model consists of 6 main parts which are in order of importance: PEOPLE (the
divers), SYSTEMS (how to think & do), QUALITY (how well things needs to be thought
& done) and since we are talking about ISD where always is a financial, two very
important factors contributing to this, namely the DURATION (lifespan of the developed
system) and VELOCITY (how fast it should be done and in use) that will give us the
ECONOMY outcomes and constrains.
The two speed related points (Velocity and Duration) are factors that drive up the cost
and complexity of both the technology as well as the risk for failure and need for highly
skilled developer, which always are in short demand and thus expensive. Therefore the
importance of speed should not be ignored or impact underestimated.
The original “infinity loop” [81] from the QXS philosophy has in this model been
replaced with a endless circle but both still represent the same holistic function.
In its most simple pictorial form the QXS based ISD Framework look like:
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The images and descriptions presented in this chapter are only the basic structures of the
full model. Moreover, this same ISD model could also have a semi-automatic pointsystem by which, in doing the evaluation work, the researcher would give points to each
element based on if it is present or not and how well it is included and then the system
would compile a summary score of the collected data. This would give a numeric view
option for comparison between two or more systems or idea versions.
The first step in the model work-flow is to analyze the stakeholders and it's done though
the first sub frame of 1. PEOPLE study :
Since PEOPLE [A4.1-7] are the force behind
all development in this world, it is of most
importance to understand who the stakeholders
and their drivers are, what they represent and
what their expectations from the designed
artifact/system is and how committed they are
for the long-run.
Based on my own empiric observations over the
years it has occurred to me that, if the
assessment model don't take this into account
(strong enough) the developed system will NOT
live up to the stakeholders expectations (needs
and demands). This on the other hand means that
the development efforts will be a waste and the
project a failure, even though the system might
technically 'work well' and according to design
specifications. As we all know, a system without
real usage is a useless system.
The world is full of good examples on systems designed that lack a comprehensive
”People” perspective. I would use most government ICT projects as the best examples
here. Since it's not clear to the stakeholders of such systems what the true aim of the
“owner” is, or who has the control/ power the 'users' (in this case citizens) we don't want
to participate to the fullest in using government solutions. Therefore people still feel that
i.e. voting for representatives is better than voting on subjects directly and that paperbased ballots are “safer” than digital voting. The risk of a possible misuse outnumbers the
financial benefits for the citizens which means that we continue to govern in the same
basic (inefficient) ways as we have done for some hundreds of years already.
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In work environments (i.e. modern collaborative software systems) where no hidden
agendas can be found, the level of stakeholder trust is higher and the base for openness,
collaboration and innovation is also high. This has been very clearly shown by many
scholars of whom Kurt Lewin [14] is the most famous. According to Lewin, the
psychological equation of behavior B=ƒ(P,E), aka “Lewin's Equation” states that
behavior is a function of the person in their environment. [79]
If, on the other hand, when the true nature of the stakeholder objectives are not clear or
there are direct conflicts of interest between and among them, then it would be better to
leave the development project undone. The probability that it will be a success is low and
it will be, most likely, a financial disaster. That is why it is so important to start by
analyzing the PEOPLE and their roles in and around the system and to make sure that the
development model has taken this core aspect into account , from the start.
The most important inquires here are: WHO, WHAT, WHY, HOW and WHEN,
specifically in this order. A similar Hegelian framework can be found in the works of
Zackman [15].
“In all these events and accidents we see human activity and suffering in the
foreground, everywhere something which is part and parcel of ourselves and
therefore everywhere our interest takes sides for or against.” – Hegel [74]
The second step of the design framework work-flow is to analyze the system components
and it's done though the sub frame of 2. SYSTEMS study :
In looking at the SYSTEMS of the design
model the first step is to separate between
Thinking systems and Doing systems:
In the model to the left the two first steps are
Thinking systems whereas the others are Doing
systems. What separates these two is that all
Doing systems always has a Thinking system
base attached to it, whereas not all thinking
systems and models leads to doing systems or
are executed (done) as originally thought. This
is the old 'theory and practice” dilemma where
something works perfectly fine as a theoretical
model but in practical cases must be modified
to work.
In the Design-View Drivers [A4.10-20]
analysis the developers tries to find out how
well the particular method has taken the
philosophical aspects of the stakeholders worldviews into account.

In addition, if the developers don't know what the purpose of the designed system is and
what kind of an 'impact' it is supposed to have; how can they possibly design the system fit
the needs. This step is like using a compass in map orientation. If one does not know in
what direction the target is, how can one start to plan the trip to go there?
In the Cybernetics View Drivers [A4.21-31] analysis it is also important to see the
separation between structured hierarchy [A4.23] and structured behavior [A4.22]. In
very few systems today this is taken into account with the result that the systems become
prison-like environments where people want to spend as little time as possible. Examples
here are ERP systems that have a very clear “top-down” model and people are not given
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any or very little freedom inside the system. Their job are seen as pure hierarchy based
'fill forms' and 'read reports' work. This kind of “work-flow” based system is normally
100% static (no objects can be edited, moved or changed) and if mistakes are made it
always comes with a high price. People should know what to do and lots of time is spent
on training and system learning, just to “push the right buttons”.
A good design from a Cybernetic viewpoint should have a dynamic look on the world - .
e.g. humans seldom get it right the first time and are scared to 'mess up'. A regulatory
system that reflects this realistic view creates a better working/computing environment.
Example: Can an input be edited? If so, on what basis and will it keep track of the
versions and create a audit log?
The Construction Drivers [A4.32-51] analysis means that we take a look at the plans
that are created. These are the created “blueprints” by which the system will be built and
implemented. Personally I think that modern systems engineering has got this part well
under control, so there is not much room for improvement in this part of the models, as
for now. Thus, I have only put one plan under each view, basically as an example. Each
project needs to set the number of view and plans they want and need to create. For this
assessment model it is however there to point out the importance of it. The Construct
View model was influenced by the works of people like Shames and Skipper [A4.33].
In analyzing the Operational View Analysis [A4.52-58] it is important to pay attention
to the smooth design of Operations Architecture (SLA, Configuration management) ,
Interoperability (what systems can and must work together and at the same time) as well
as the Maintenance and systems Optimization Viewpoints. The better these are taken into
account the higher the output of the designed system will be as well.
In the Complexity Analysis [A4.59-62] the designers should study the direct and indirect
Views of: Systems Complexity as well as Multi-Agent System and System of Systems
matters and see how they affect the overall artifact design.
The Security Planning [ A4.63-67] will look at issues that are related to physical and
virtual security issues with regards to the designed system components of: Infrastructure,
Physical, Computer and Information Security. Questions to ask are: What are the critical
points regarding security? How to to address them?
In the Contingency Planning [A4.68] we should study the direct and indirect impact of:
break-downs, force-major, sabotage, theft and human mistakes and try to suggest
solutions on how to prevent them.
The design projects Sustainability Planning [A4.69] efforts is to pay attention to if there
is a tight/enough/limitless – financial budget, knowledge, human energy. Questions to be
asked are : What kind of impact does the available resources have on the ISD? If the
resources are too low (or too high) it will have a negative impact on the design process
and the plans will mirror this view. Many pompous (or purposeless) IS projects are
started just because the owner have had too much money on their hands.
The last but not least point of the SYSTEMS segment is : Scenario Planning [A4.70].
The question is: “How many alternative model views should be studied? Which ones?”.
A good minimum method should look at several of which some could be: min/max and
optimum with regards to - resources, quality, duration and velocity.
The third step of the design framework work-flow is to analyze the quality components
and it's done though the sub frame of 3. QUALITY study :
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For the system designers and developers to have a 100% clear picture of the expected
QUALITY aspects of the designed system is very important [A4.71-76]. If the Key
Performance Indicators [A4.73] (number of concurrent users, command execution time,
up-time) , Benchmarking [A4.74] ( compare design), Trigger points [A4.75] ( min
output, max errors, volatility) for controlling and corrective actions and the Standards
[A4.76] ( specific rules and regulations to follow and fulfill) that needs to be followed are
not clear and followed from day one, it will jeopardize the whole system development
project at its core. My personal experience is that the longer an issue is allowed to stay in
the process or system the bigger of a problem it has the tendency to become.
The forth step of the design framework work-flow is to analyze the time components and
it's done though the sub frame of a 4. VELOCITY study :
VELOCITY [A4.77-79] here should be
understood as the speed of two very
different matters:
- the Design & Build Process speed
as well as
- Operational Velocity of the artifact.
Key questions and elements to look at for
the Design & Build Process speed
design are :
•

How fast should the system be developed? When is it needed? = Overall
Progress Aim (instant, fast, normal, no pressure, no timeline)

•

What are the milestones? What are their impact on speed? = Milestone Targets
(time targets of build process steps). Similar ideas are present in Feature Driven
Development [A4.79].

•

What are the pain points with regards to development speed? = Critical Velocity
Points. These might many times be bound to Cognitive Load capacity and the
Motivation of the R&D team [A4.80].

It is pretty obvious that the more velocity is demanded from the designers are developers
the more mistakes and less than perfect work they will deliver. This is especially true for
the systems thinking part of the process where extraordinary results are expected is supershort time. Innovations and good solutions to problems take time to come up with. Thus,
in my experience, the slower the speed in the thinking stages the better end result and vise
verse. Naturally there is something call “too much time”, but in today’s commercial
projects it is much more likely that too little time will be given to thinking and therefore
the high speed of development will lead to bad solutions with a short lifespan. In the end
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(since high Quality output is expected) the same work will be done several times over and
over again due to the “rush-in to do” attitude.
..and then forward to the frame of a 5. DURATION study :

DURATION [A4.81-82] in this context
means for how long the system is planned to
stay in use. The longer in use, the more
things to take into account and the better
(recyclable) solutions have to be used. This
view an be looked upon from Total System
Duration , (months, years, decades,
centuries), Systems Parts Duration (min,
max, average, median and optimum duration)
and Critical Systems Components ( cost to
improve, expert, technology and supplier
dependency) aspects.

The sixth and last step of the design framework work-flow is to analyze the financial
components and it's done though the sub frame of a 6. ECONOMY study :

Naturally the ECONOMY [A4.83-87] of an artifact is on the stakeholders minds when
they start to design a new system. What people however easily forget is that the design
features that we set in the early steps of the work-flow will only result in and reflect upon
the cost of the Total Cost of Ownership (TOC) [A4.85] of the system over its lifespan. At
some point of the build or design process the investors will ask for an acceptable Rate of
Return [[A4.86]. A low budget system might be cheap to build but most certainly is not
cheap to own. On the other hand; to just spend more does not guarantee that the overall
system automatically would become of higher quality of more economical to run. That is
why any systems design effort should be seen as a LOOP of studies in which the first
round of processing only serve as the basis and inputs for the next round of studied.
In the created ISD framework the “looping” means that the designers and developers will
continue to ask these same questions with a holistic mindset until a consensus among the
stakeholders is reached. In the beginning and for the first rounds of discussions about the
six points in the ISD framework the process might seem difficult and even chaotic. The
process will however soon settle down and the parties start to find points they can agree
about. A lot of innovation and compromising will be required but since the stakeholders
have been a part of the design process and participated in the creation of the artifact they
will also commit to it on a very deep level and not resist it later.
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2.3. Apply ISD framework on IoT project “OpenSenses”
The application of the “OpenSenses” project on the created new ISD framework has been
done in Appendix 6. A summary and comments view on the result as follows:
The Stakeholder Study tells us that there are
six (6) first round partners in the planned
”OpenSenses” project; all with very
different background and objectives. The
parties have not agreed on ownership of the
project or the IPR. Mirum is the only
potential user/client of the designed system
but even they are not the end-users. With
clear agreements between the parties
regarding responsibilities and ownership
matters can many issues later in the
development process be eliminated or
minimized now. Once the design and
development work starts it will be harder to
find common ground. The stakeholder setup
in this system is complex since the users of
the planned system would be elderly,
disabled and even sick people in homecare.
The communication models in these kind of
systems can be very demanding and thus it
would be good to keep in mind that even
though a stakeholder, for example an
insurance company, is not visible when the
system is designed, they still are very much
interested in the generated user and system
data in case of accidents and liability
matters.
The View-Model Study first reveals that
the world-views and objectives of the
stakeholders of the system can be quit
different. Even to a disturbing degree so.
One party may want to cut costs to make
a profit while the other might see the
well-being and safety of the users a
higher priority. Such big differences in
the objectives may cause or create a
situation in which one or several parties
tries to 'hijack” the system on the
expense of the others. For that not to
happen it is important to pay detailed
attention to cybernetics drivers. How
data is structured and who can access
what and when really matters. People
must have access to what they need but
not to more than what they should have
according to the in step one signed
agreements. One important matter to
take into consideration is how much of
the tasks a) should and b) can be
automated. Computers are good at
making unbiased decisions but can be
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very blunt as well. People are good at
making fast assessment of complex
matters but have a tendency to act in
ways that are most beneficial for the. A
healthy mix of computer-based and
human-based decision making if
probable the best way to go. Security
matters should not be taken lightly,
especially when it comes to personal
data, medical records etc.
Grade & Criteria Study. No indications can
be found with regards to what quality
criteria the stakeholders are aiming for. It
might be that since the project is in its early
stages only that these matters have not been
put forward. It might also be that they
simply have been forgotten as so often
happens. To set both system and service
criteria early on in the process will help if
the design process as well. To later try to
increase the standards will be harder or even
impossible since all the system parameters
have been set for a lower quality service.
Speed Study: It seems to be the same for
the speed study as for the quality
criteria. They have not been set. This
makes it much harder to evaluate how
far the planned budget will take the
project. In other words, how far is the
project planned to be when the money
are used? In addition it would be helpful
to know expected speed criteria for the
ready system. Is it okay that it takes
minutes for messages to go though or
should it go faster?

Life-Cycle Study : The duration criterion
have not been stated. This means that it is
not clear for how long into the future the
designed system if planned to really to in
operation. In practice this normally means
that a system is build ”just for now” and thus
will not be built as well as it could. That on
the other hand means that the quality of the
designed system cannot be the best possible
either. Duration of the system has normally a
direct impact on the duration of the project.
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Financial Study : The six original parties
have agreed to finance the R&D project
for the first two years by putting in
funds together for ca. 1,8 mSEK for the
period. Tentaculus share is the biggest
of the private contributors (28,5%). That
can be seen as they feel that they have
the most to gain financially from the
outcome as well. The inflow of funds for
the first two tears would look like as
seen on the table to the right.
How possible proceeds and IPR's will be
shared is not agreed in the provided
documentation. As earlier stated, this
might become a base for arguments
later if/when the project is over and the
parties separate.

BTH
KK Foundation
Areff
Mirum
Tentaculus
TPI Housing

n/a
1.84
0.25
0.52
1.2
0.4
4.21

mSEK
mSEK
mSEK
mSEK
mSEK
mSEK

43.65%
5.94%
12.36%
28.53%
9.51%
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3.

DISCUSSION AND VALIDITY THREAT

The discussion section of this report will a) summarize the general findings of the research
and b) try to apply the findings on a larger scale and c) look at the research from a “what if”
perspective and try to see things from a slightly different angle.
The validity threat part of the chapter will try to answer questions like: How could the
created theoretical framework be proven false? What are the weaknesses? The risks? Where
is the researcher making own assumptions and interpretations between empirical evidence
and the theoretical framework? How can the research be validated for a "non-believer"?

3.1. Discussion
In this segment of this report I will try to look at if these are other possible ways to look at
the two subjects and hand, the ISD view-frame and the OpenSenses IoT project.
3.1.1

About the IoT/EISM ISD framework

The main point discovered in this research has been that larger and complex
information systems in the future will, as assumed, be designed and developed from a
people-centric standpoint. Leading IS researcher, like Sjöström [11] , have even
suggested that the present narrow “user” based systems will not be enough and that it
must be replaced with a much broader and complex “stakeholder-centric” design view
instead . Therefore, better “vision” has to be generated early in the the developed
process since the basic system design view has a significant impact on the development
efforts, build process, system usage, created value and TOC.
Boy [47] and Kriwaczek [51] have shared their ideas on what such people- and
stakeholder-centric ISD view-frames could look like. There are however many social as
well as technical drivers behind todays ISD needs. They all must be taken into account
in building the better ISD know-how. Unfortunately this study also showed that the total
list of view elements needed is rather long and that neither Boy's AUTOS or
Kriwaczek's PACT has a comprehensive enough base to produce successful IoT and
EIMS design views. For example, they both are lacking the elements needed to handle
dynamic data and processes on a larger scale. There was no evidence found that
AUTOS nor PACT would have been successfully used in IS development projects.
Therefore, a possible conclusion of the study could be that many more ISD view-frames
needs to be created or that the already created view-frames needs to be applied and real
and demanding IS projects for developers to be able to evaluate and compare them.
Theoretical view-frames can only serve a base for discussions and new ideas. Until
view-frames have applied on real-life problems it is hard to see their pros and cons.
With regards to the presented ISD view-frame one must stay unbiased and ask questions
like:
– Does the ISD view-frame cover all the IS design aspects needed for IoT systems?
Probably not. I am sure there are many more aspects and elements that has a impact
on the design outcome but the presented concepts are the ones that this research has
brought up. Overtime I think much better ISD view-frames will be created but I still
think that of the of the concepts from this view-model will be found in them as well.
– Is some of the presented viewpoint ideas exaggerated or maybe even unnecessary?
For many simple systems this view-model is for sure too much to use/apply.
Nevertheless, what we today design as “a small systems” might tomorrow be the
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base or core element of a much larger system. Therefore it could be a good idea to
take the “bigger view” at some point of the design process. Those few “extra hours”
invested early in the process normally pays off with a very good yield later.
– Could the same result be achieved with a smaller/easier view-frame, like PACT?
As the research show, IoT types of large scale systems are very complex and to try
to design them with a “little bit better” view-frame than nothing is not going to give
much better results either. The basic idea with a view-frame is to highlight and put
forward the key elements that contribute to a good (or bad) design. Therefore it
might be good to have a broader view-frame for IoT systems design that a narrow
one. It is easy to just process an element/subject put it aside if/when it is not needed
but harder to see the problems if no system is in place to trigger the discussions on
the particular issue subject.
An interesting “what-if” scenario here could be to ask : “What kind of a view-frame
could be created if there would be a open-source kind of a forum where the ideas of
AUTOS, PACT and QXS-ISD could be applied, analyzed and evaluated side-by-side?”
For sure such a project would propel the present knowledge higher and most probably
lead to more ideas and maybe new (better) view-frames.
3.1.2

About the OpenSenses IoT project

With regards to the OpenSenses project it is hard to say very much except that it
theoretically has a good potential and these kinds of systems are very much in demand.
As we could see from the Koch figure (page 38) the communication patterns already
between and among the caretakers is very complex. On top of that we have the
processes and all the other stakeholders and their information needs.
Until now healthcare has been a business in which the professional caretakers have been
trusted to “do the right things”. What will happen when we have computers that not
only collect but also analyze data for us. It is estimated that in the USA alone some
225,000 people are dying annually by iatrogenic causes [68]. What if the same
information systems that are in place to help us to provide a better service also become
the tools and means for disputes and legal actions against the healthcare professionals?
Who wants to work in an environment where you have to make life and death decisions
under high stress in fraction of seconds and based on a (always) limited amount of data
only to a) find out later that “that would have been would you should have done” and b)
be sued for it? Even if the somehow will be able to agree on the legal matters, I still
think that constantly having “Big Brother” recording everything you do will make it an
impossible and highly motivational working environment.
Humans make mistakes and there are just some things that we should not record and I
think that in eHealth that limited is low. Sometimes it is just better not to know. To put
systems in place that already has the capability to spy on us is enough to create a very
negative outcome.
Therefore my view is that technically and theoretically eHealth is a good IoT
environment but in practical life it might not work out that well for after all. There are
too many major issues still unsolved. Before we start to build expensive IoT systems for
the healthcare industry a deep and open discussions about the problems needs to take
place. After all; “Home automation for the elderly and disabled” [87] has been a a
subject for research in the US already over 10 years but it has not really taken off. The
liability issues could very well been the reason for this.
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3.2. Validity threats
According to Wohlin et al [69], there are four types of threats for any research: a) external
validity, b) internal validity, c) construct validity and d) conclusion validity. In this work
the researcher has tried to take them into account as follows.
3.2.1

External validity

Trochim defined it as: “External validity is the degree to which the conclusions in the
study would hold for other persons in other places and at other times”[72].
By using Wikipedia [88] as the source of related concepts to study I have eliminated
most of the external validity issues. Wikipedia is edited by thousands of people and
viewed by millions. Especially people in the ICT community uses Wikipedia a lot and
they contribute to both content and to the validity process. For matters to be listed in
Wikipedia they must go though a rigid approval process [88]. Naturally it is possible
that not everything related to this subject is defined in Wikipedia yet and/or that I have
not found all concepts that matters but the number of processed concepts for this work
is rather high (over 200). Since most used subjects and sites are hyper-linked to other
similar sites the risk that something has not been observed is not very high either.
3.2.2

Internal validity

Wohlin [69] says internal validity refers to whether an experimental treatment/condition
makes a difference or not, and whether there is sufficient evidence to support the claim.
Trochim claims that “Internal Validity is the approximate truth about inferences
regarding cause-effect or causal relationships” and further goes on to say that “it is
only relevant in studies that try to establish a causal relationship” [73]
The principle for the study has from the beginning been to include as many concepts
and viewpoints as possible into the final work. Therefore, very few related view-points
or concepts have been excluded during the research. This on the other hand has lead to a
broad framework with many points to look at and to take into account in the design.
One might say that the view-frame is too big and that it is to cumbersome to use
because of this but we should not forget that it is always up to the design-team to
exclude views during the development process.
3.2.3

Construct validity

According to Wohlin et al. [69] construct validity is showing the relationship between
theory and observation. Trochim again say that “Construct validity refers to the degree
to which inferences can legitimately be made from the operationalizations in the study
to the theoretical constructs on which those operationalizations were based” and
furthermore “think of construct validity as a "labeling" issue”.[71]
The collected amount of information in the project is large and the sources are of high
quality. The presented design framework is based on this data only, just complied in a
new way for hopefully easier comprehension. What is however harder to predict is that
when a change (e.g. in a concept) will take place and what the drivers for that will be. It
is possible that the dominant ICT companies will take us to a digital middle-ages rather
than give up the control that they have gained in the middle of the present chaos.
3.2.4

Conclusion validity

To Wohlin conclusion validity is related to the issues that affect or limit the ability to
draw the correct conclusions from the research [69]. Trochim defines it as: “the degree
to which conclusions we reach about relationships in our data are reasonable” and as
“ the degree to which the conclusion we reach is credible or believable.” [70].
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There seems to be a very strong consensus building up among the ICT professionals
that the present technocratic design models needs to be replaced by human-centric
dittos. In addition, people agree that we are drowning in digital data that is impossible
or too expensive to manage the old systems anymore. The approaching IoT and the
related enormous M2M data-flows will just make things worse. It seems logical to
argee; that in such an environment it is quite safe to conclude that a change is needed.
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4. CONCLUSION
It seems like mankind has cornered itself with its Information Systems design and
development efforts. Private and public organizations keep pouring in more and more
money into ever more complex systems building only to get out basically the same level of
results. For better IS design to emerge, better ideas and viewpoints are needed and lots of
constructive communication has to take place too. That is what this research work also has
tried to achieve – to offer ideas for further discussions on and around large-scale ISD
design matters.
This research project has been broad and it has taken a lot of efforts to find and connect the
dots between many related IS concepts. As can be seen, the concepts are so many and large
that many more people have to study the subjects further in detail and report back their
viewpoints and practical discoveries for the ideas to mature to usable design tools. More
view-frames should be created and they should be applied to real cases. Only empirical
results will show what works and what doesn't.

4.1. On Research Questions
Q1: Is there a need for a new framework for Extreme Information Management Systems
(like IoT) designs?
After conducting this research on such a broad scale I feel that it is rather safe to say that
there seems to be a need for more IS design view-frame for large scale online computing
environments. Some attempts have been done to try to create new view-frames (e.g.
AUTOS & PACT) but looking at them it seems like more is needed and expected in the
IS developer community.
Q2: What are the most needed and/or critical elements of EIMS and IoT systems design?
Big Data and especially Extreme Information Management Systems cannot be efficient
unless the data, people and processes are indexed, structured and made related/cognitive.
Furthermore, the systems design needs to be done with stakeholder needs and ambitions
in mind and not only task/feature driven.
Q3: What crucial elements are missing in today's design views to work in IoT systems as
such?
The missing key element in the widely used view-frames, like the “bigger” EA frames
[90] are that they are not human-centric when they should be even more; Stakeholdercentric. This by itself makes them less useful as suitable view-models when building
Internet based collaborative environments. On top of that, the presently used view-models
do not take into account that data as well as processes need to be structured and cognitive
to make data and processes safe. It will be harder and harder to live with (online) systems
in which we don't know (for sure) who we are dealing with and what laws they are
obliged to follow.

4.2. On the ISD/QXS framework
The presented QXS based ISD view-model is compiled to be a “food-for-thought” for
further discussions, ideas and experiments. In no way is it ready or complete. What this
study has however shown is that stakeholders (people) must be put on the forefront of any
productive solution and that indexing, structuring and making cognitive both process and
data are key elements of a successful view-frame. This makes these kinds of view-models
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socio-technical undertakings in which the human nature is a dominant component. Too
many ICT systems have been designed and deployed over the years that nobody in the
end have used them or if they have used them only because it has been mandatory. A
good ISD framework would be one that leads to ICT environments in which people (all
stakeholders) feel comfortable and hopefully even enjoy being and that makes people and
processes productive.

4.3. On Case Project
The case project looks like “any typical” R&D project in todays shared and distributed
setups. Putting the OpenSenses project it into the created QXS/ISD view-frame revealed
however weaknesses in the construct of which the lack of legally binding agreements
regarding ownership and management matters maybe was the most crucial one. In
addition, since e-Health environments are multi-stakeholder systems it would be better to
choose a cloud-based core technology base rather than a PC-based system for the
technological architecture. If the collected health-information is not easily accessible to
all concerned parties it is very hard for me to see why they would support the system in
the long run. The power of WIIFM (what's-in-it for me) is good to keep in mind in setting
up these kinds of multi-stakeholder, multi-decades systems. If the OpenSenses project is
designed and implemented in a best possible way it has the potential to both increase the
quality of the stakeholders lives and save money at the same time. The system design
however makes the biggest difference in this regard.
As a final word it might be worth saying, that the next step this research project could be
to apply the created view-frame on more IoT projects and see what discussions and new
viewpoints that would bring come up and then to apply that knowledge back on the viewmodel again. The more real cases that could be analyzed and viewed through the frame the
more it would reveal the strength and weaknesses of this model and on view-model usage
in IS design in general.
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Appendix 1
Remarks & Examples Questions:

PEOPLE
by Stakeholder Analysis
- WHO are they?

What is the Objective of the designed system?
investors, employees, suppliers, customers, governmental
bodies, political groups, trade associations, trade unions,
communities, associated corporations, non-profits, charity
organizations, prospective employees, prospective customers,
public at large and even competitors

Who has the most power and why? How will they use it? Who has the
least power and why? How will it effect their participation? Any critical
stakeholder relationships and why?

Interest level
System know-how level
Technical know-how level
Operational (technical and social) skills
Demands
Expectations
Dreams
Fears
Curiosity
Regulations and laws

Who owns the system? For how long? Why do they own it?
Who designs the system? Based on what World-View?
Who develops and implements the system?
Who operates the system? - Why?
Who are the system clients? - Why?
Who are the system visitors? - Why?
Who are the system supporters? - Why?
Who are the system resistors? - Why?
Who are the observers of the system? - Why?
Who has direct/inderect authority over the system? - Why?

Motives, Values, Needs, Moods, Goals, Anxieties, ideals

Any visible conflicts?

On, In and Around the system
As: Operators, Clients, Visitors
By: Supporting it, Resisting it, Competing with it

Who will use the system? Why will they use it?
What are their objectives?

- WHAT are they?
+ ACTORS playing Roles of:
1: Owners
2: Architects
3: Builders
4: Operators
5: Clients
6: Visitors
7: Supporters
8: Resistors
9: Observers
10: Authority
- WHY are they acting:
+ Fulfilling Life Space visions of
- HOW are they acting?
+ Exercising Power
+ Using the System
+ Influencing the System
- WHEN are they acting?
When is that? Cicumstances? Trigger points?
When is that? Cicumstances? Trigger points?
When is that? Cicumstances? Trigger points?

+ Have the power to act
+ Feel it's in their best interest
+ Are forced to act

SYSTEMS
by View Model Analysis

What is the DoC (degree of complexity) of the designed system?
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Remarks & Examples Questions:

- World-View

= The visionary ideas and ideals the system is based on

+ Philosophies
1: Ontological Inqueries
2: Epistemological Inqueries
3: Axiological Inqueries
* Ethics
* Aesthetics
+ Theories
+ Methods
+ Applications

What is Knowledge (for us)?, How do we acquire it?, What do we
know?, How do we know what we know?
high, low, 'not important'
high, low, 'not important'
used models, strategies, methods, and tools
few, many, specific, random

- Cybernetics
+ Structural Systems
1: Hierarchy
* Data
* People
* eFacility
2: Behavior Systems
* Process
* Communications
+ Regulatory systems

How ethical is the designed system?
How aestetic is the designed system?
What system theories are used?
What philosophies and theories are used methods based upon?
Where should/can/will the designed system be applied?
= The organizational ideas the system is modeled on

level of: indexing, stucturing, cognitivity and related standards
structure, model, format, standard, classification, categorization
influence, knowledge, objective, value, network, rank
physical location, Virtual location(Domain/URL), Infrastructure
readability, accessability, cognitivity, quantity, quality
language, transparancy, relevance, quantity, quality
controlling human or societal behavior by rules or restrictions

- Build Process
+ Management Viewpoint
1: Organization plans
+ Information Viewpoint
1: Metamodel Plan
+ Functional Viewpoint
1: Functional Dataflow Plan
+ Technology Viewpoint
1: Standards Plan
+ Engineering Viewpoint
1: Allocation Plan
+ Physical Viewpoint
1: Data System Plan

Appendix 1

What levels of structure is needed/sufficient? Why?
What levels of hierachy is needed/sufficient? Why?
How should data be structured? Why?
How should people be structured? Why?
How should eFacility be structured? Why?
What levels of behavior structure is needed/sufficient? Why?
How should process be structured? Why?
How should communication be structured? Why?
What levels of regulation is needed/sufficient? Why?
= The plans to build the system from

structures, relationships, agreements, contracts, policies

How realistic are the plans to achive the envisioned objectives?
How well needs/have the Vision & Cybernetics been incoporated?

= to show where assets are located

- Operations Process

= The processes the system is run by
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measuring, assessing and assuring quality
manging and leading people and organization
managing and running implemeted systems

Appendix 1
Remarks & Examples Questions:
What are the targets? Criterias? Objectives? Why?
What are the targets? Criterias? Objectives? Why?
What are the targets? Criterias? Objectives? Why?

- Contingency

Impact of: break-downs, force-majore, sabotage, theft, mistakes What are the most likely disruptions? Why? How to prevent?

- Security

high, low, optimized, 'not important'

What are the critical points regarding security? How to address?

- Resources

tight/enough/limitless - budget, knowledge, human energy

What kind of impact does the available resources have on the ISD?

- Scenarios

min/max/optimi - resources, quality, duration and velocity

How many alternative model views should be studied? Which?

QUALITY
by Quality Criteria Analysis

What is the optimal quality criteria?

- Target Criteria

number of conccurent users, command execution time, up-time

How 'high' will the system design aim. Quality of Service?

- Trigger Points

min, max, volatility

What are the tigger points for actions to be taken

- Standards

specific rules and regulations to follow and fulfill

Are there any any internal or external standards criterias? Which?

DURATION
by Life-Span Analysis

What is the optimal system lifespan?

- Total System

months, years, decades, centuries

How long is the designed system planned to be in use?

- System Parts

min, max, avarage, median and optimum duration

What parts needs to be renewed and when. How often? Cost?

- Critical Components

cost to improve, expert, technology and supplier depedency

Which are the most critical parts to renew/upgrade? Why

VELOCITY
by Velocity Analysis

What is the optimal development speed?

- Overall Progress Aim

instant, fast, normal, no pressure, no timeline

How fast should the system be developed? When is it needed?

- Milestone Targets

time targets of build process steps

What are the milestones? What are their impact on speed?
What are the pain points with regards to development speed.

- Critical Velocity Points
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APPENDIX 2

OpenSenses
Next generation sustainable smart home systems
Abstract
OpenSenses is a two-year research project with the focus on sustainable smart home concepts.
Sweden as many other countries face the demographic challenges of an aging population. A
way to meet this challenge is provided by the smart home concept. The results obtained in this
project will form a base for the development of sustainable smart homes. The project partners
are Areff, Tentaculus, TPI Housing, Mirum and Blekinge Institute of Technology (BTH). All
five project partners have clear and defined goals within the project and complete each other.
The OpenSenses project is within the profile of BTH and will contribute substantially both to
research and education. Of national significance are the clearly defined goals in the project,
focusing on development of smart home concepts suitable to our aging population, supporting
safety and wellbeing of elderly people. The mix of competences in the project is suitable to
meet the projects goal and the project plan is divided into four six months periods with clearly
defined and measurable goals. The budget applied for is approximately 900kkr SEK/year. The
project applicant recently received the Ph.D. degree, 11-04-28. Several successful
coproduction and research projects with industry (some of them partners within this project),
and other organizations have been established after the applicant received the Ph.D. degree.
Within this project OpenSenses Lundberg´s ambitions and enthusiasm for research
contributions are grounded in a project team with seniors that are dedicated researchers
assuring academic excellence, motivated industry assuring the industrial needs and market
opportunities. The process and implementation of this project are important steps in the
development and expansion of Lundberg´s research as well as in her carrier.

1. Background
Sweden as many other countries, not only in the EU, face the demographic challenges of an
aging population. Affording simple integrated smart home systems solutions, i.e. systems with
information, sensor and computation components related to the home environment are a
reasonable approach to create opportunities for the elderly that wants to stay in their homes to
a higher age instead of moving to homes for old people. Sustainable smart homes, mainly
saving energy in reduced transportation and heating costs, offer cost effective possibilities for
a safer and more independent living. From an environmental perspective, data from smart
homes can reduce travelling costs for the individual and for care giving personnel partly based
on increase in the possibilities to get status update and add more evidence-based data to the
diagnosis model. Current research on smart home systems [1][3][4][5][14] acknowledge the
possibilities with smart home systems. Learning from developments in related applications is
of importance [2]. We are aware of the push for development in the car industry and game
industry (smart clothes) but also aware of different obstacles they face.
The market for smart homes is complex and generally the elderly with the actual
need for the functions are not the technically most driving or strong consumer group.
Scanning the fast changing market for relevant technologies to support their needs are
cumbersome. Furthermore individualize the solutions matching the elderly needs are a
process in itself as decrease in functionalities related to time is normal. There are different
bottlenecks to be handled for innovative tools on the market, if the municipalities and/or
county councils are to buy them[7]. Innovations in smart home directions are necessary to
explore from a societal perspective, quality of life for the individual can increase and

recourses can be saved. Complemented with home healthcare, smart home solutions can be a
reasonable approach.
In this project we have collected companies that work for the same goal, having
different complementing competences. Our approach are to integrate the competence in eco
sustainable house building, smart home system company, company that in close dialogue with
municipalities and members provides living for elderly, and a company with extension and
adjustment functionalities for the smart home technical system. This opportunity for
coproduction with vital industrial partners of relevance for the success of sustainable smart
homes within the boarder of a research project can be a reasonable approach towards
contribution to a sustainable society concerning the ageing population.
Besides the high-level issues of smart home solution with marketing, application
and cost issues for smart home systems focusing on assistive support for elderly the partners
within this project aim to present reasonable insights and suggestions to, a more detailed focus
concerning the needs of the elderly are required. One of the issues for elderly persons is the
change in the ability to remember things. According to [6]:
“While some capabilities continue to develop throughout our lifetime (i.e., semantic
memory or memory for factual knowledge), others decline with increasing age (i.e.,
episodic memory ormemory for specific recent events in the past).”
Focusing on computing support assisting capabilities that decline with increasing age, as for
example included in episodic memory, like specific personal experiences. Examples of such
can be remembering of recently planned events like when to go to medical appointments,
what information or things to bring etc. What type of memory aids or reminder systems
functions that are in focus are of course of individual character and the need usually changes
and becomes greater as the person becomes older. Reminder systems can include instructions
of how to perform a certain activity. Promising contributions and constellations of reminder
systems are presented in [6][12][13][15]. We are aware that memory can be preserved by
training but assistance in reminders can be of vital importance and training is to be seen as a
complement as some functions decline.
To base reminder systems in a thorough way, access to the individual and
collection of individual data are of importance. Today safety alarms to be worn on the wrist
are popular among elderly, in a recent study [10], almost 60 out of 78 persons from 62-89
years of age answered that they wanted to have safety alarm as function as they become
elderly. Acquiring this open possibility for application of sensors and actuators are a
constructive reasonable approach forward. We aim to explore possibilities in extending the
safety alarm to include different types of sensors and actuators. For example, mind the
prognosis of [11] that the costs for fall accidents among elderly are estimated to cost 22
billion SEK in 2050 counted with today’s development in mind. As one of the most common
injuries based on fall are broken wrists, the safety alarm are strategically placed. We are aware
of different kinds of merging of sensors and airbag attempts specifically for elderly but we are
not satisfied with the results and believe that more and better work can be done in this area of
application. Adding sensors and id to the safety alarm is also a base for more successful
reminder system functionalities. Further applications of sensors for will be established though
project, some of them as support for engineering and some of them in establishment of
behavior of the elderly.
Our methodological approach is to add a rich variety of sensors to extract
different types of data as foundations for new interesting combinations. Combining
unidentified (i.e. no direct or indirect possibilities to connect the data to a specific person)
health data and in house data. We are fully aware that analysis of behavior and sensor

collected data requires careful and systematic analysis models. We take the approach in
collection of data to be physically present in some of the measurements to assure that it is
collected in a thorough way. We have different causal models to consider for analysis.
Lundberg has extensive experiences in working close to the user, and with usability methods
and techniques.

2. Research questions
We have identified three key research questions that need to be addressed before Areff,
Mirum, Tentaculus and TPIHousing can take full advantage of the smart home concept:
 How can we provide concept solutions for cost-effective sustainable smart home
systems?
This research question can be broken down in the following sub questions?
o
Requirements engineering on foundations for sustainable smart
home concepts
o
Update, service support and automation possibilities
o
Investigate cost-effective standardization possibilities
 How can we increase knowledge of context and capability of elderly, and based on
this identify what and where to display information or sensor support to keep or
increase the capability of the elderly?
This research question can be broken down in the following sub questions:
o How can we use different types of sensors and possibilities to measure behavior
and health data?
o How can we make use of data based on behavior for prediction models?
o How can we identify intention of the elderly?
o How can we identify change in capability of the elderly?
 How can we integrate reminder functionality in Smart home systems in a robust way
(cost-effective supporting well-being and independence)?
This research question can be broken down in the following sub questions:
o How can we engineer the information to reach the specific individual in the
appropriate situation?
o How can we include mobile possibilities to extend the reach and use of the
Smart Home data?
o How can we use smart home data as support in social situations?
o What type of sensors, identifiers, actuators are reasonable to merge to support
reminder and other functionalities?
o What principles to consider when developing reminder support?
o How can we validate reminder functions possibilities of smart home data?
These three research questions are interesting each one in their own right. However they are
strongly interrelated since the approach in the first question open up for possibilities in the
second and third question.

3. Project and project partners
This project will run for two years, and in order to run the project we will need support from
the KK Foundation with approximately 900kkr SEK/year (se budget for details). There are
five project partners: Areff, Mirum, TPI Housing, Tentaculus and BTH. Dr. Jenny Lundberg
will work 80 % in the project.

The normal model for overhead costs at BTH is 45 % on the direct salary costs.
These 45 % consists of 34.5 % for central overhead at BTH and 10.5 % for the School of
Computing.
Mirum will contribute with 260 kkr SEK/yearly the contact person is Lars Malmgren,
lars.malmgren@me.com.
Mirum – is a concept company that in close dialogue with municipalities, members and
cooperating partners offer housing for elderly with high availability, comfort and safety. They
are a key cooperating partner for requirements discussions with the elderly that is the
customers. Furthermore they hold specific competence in social aspects of elderly.
www.mirum.se/ Tentaculus will contribute with 600 kkr SEK/yearly the contact person is Eva-Lena Habel,
evalena@tentaculus.com.
Tentaculus – independent living - is a company that offers services developed for persons
with cognitive disabilities. For example memory functions for elderly, incipient dementia,
stroke, Aspergers, autism, ADHD, disability or other cognitive disabilities. Basically holding
a smart home networked system with regulators, sensors and information displays. Tentaculus
holds a key competence concerning engineering and adjusting computing systems and sensors
for persons with cognitive disabilities that many elderly has.
http://tentaculus.com/
TPI Housing will contribute with 200 kkr SEK/yearly the contact person is Roland Nilsson,
roland.n@tpihousing.se.
TPI Housing – TPI Housing is an important company from sustainability and the concept of
smart homes that is the physical building and the technical smart home systems integration.
TPI Housing is a Swedish construction and trading company serving the international,
commercial and industrial markets. They supply special housings made by stiff sandwich
composite elements. With their composite building material they can make designs for
homes, schools, student apartments, emergency houses, temporal houses or offices and for
military needs. The houses are low weight, high strength, high isolation (sustainable with low
Kwh) and are built with low montage costs because of rapid montage at site.
http://www.tpihousing.se/en-GB/start
Areff will contribute with 125 kkr SEK/yearly (they can raise this to 150kkr SEK if necessary
for project success) the contact person is Fredrik Martinsson, fredrik.martinsson@areff.se.
http://www.nordicnet.se/foretag/AREFF-Systems-AB/216107/
Areff – is a Swedish company that offers specially designed RFID products and solutions,
mainly for access, identification, payment, ticketing and logistics. Different kinds of sensors
integrated with identification are possible to test, for measurements and information purposes.
Areff holds a key competence in design and production of small sensor equipment.
www.areff.se

3.1 Plan for professional development
BTH has a profile towards applied IT, innovation and sustainability. It is clear that this project
is within applied IT and that it has a lot of potential for innovation. Jenny Lundberg finalized
her PhD in April 2011 [9]. Lundberg is ambitious and enthusiastic and has practiced some
project leading skills as chairman for approx. 150 Ph.D. students. She has during work with
her thesis established contacts with companies to be able to test and apply research findings.

For her further professional development it is crucial that Lundberg can work with applied
technologies in coproduction with companies. To do that in form of research projects is an
efficient way to reach results and take her research further. It is important not only to master
the research topics, but also be able to lead research projects – and to do that in cooperation
with companies in the way OpenSenses is planned is an excellent step towards taking
responsibility for greater challenges in the future.
To be part of an established research group, and with a reference group for support, the
necessary guidance will be given within the framework of this ProSpect project.
Lundberg is already active in cooperation projects such as:
o Smart home project, a one-year project financed by Blekinge forskningsråd, focusing
on smart home in cooperation with Tentaculus, started in sept. 2011.
o INNO.V.Age, INTERREG IVC: A three-year European project focusing on innovation
for elderly eco sustainable living as one reasonable solution. BTH is partner. Lundberg
will be managing the working group at BTH for INNO.V.Age. The project started Jan.
2012.
Lundberg is also connected to the following projects in which BTH is partner:
o Blekinge Health Arena, EURF Regional funds: A three-year EU project focusing on
health approaches for a sustainable healthy population.
Lundberg has also supervised several master and bachelor thesis´s and used to holding
lectures on master level. In the long term professional planning Lundberg aims at increase her
professional skills into making scientific contributions in the field and establish further
contacts with interdisciplinary state-of-the-art researchers in health and engineering sciences.
Lundberg has strong competence in application of engineering and user centric methods
which she will further develop in project. Publications in relevant journals and on conferences
are of course part of the professional approach. Furthermore research cooperation with other
universities such as Linköping for R&D in sensor systems and KTH with R&D with services,
sensors and actuators are established (however not financed within this project). As well as
international cooperation with for example Jülich Research Centre are established. The
industrial insights, knowledge, equipment, development, network established in project are of
great benefit for Lundberg´s future career.

3.2 Research and reference group

Jenny belongs to the research group Applied Health technology, which is an interdisciplinary
group with staff from technological areas such as computer science, signal processing, and
mainly from health sciences many with experience from research projects with elderly.
Within this research group she can extend her competence and develop as researcher with
competences from highly relevant research areas for this project success. Cooperation with
project members from the research group is already ongoing.
More specifically within the research group a smaller reference group
compounded for this research project, but already with established ongoing cooperation in
different research and education constellations is professor Sara Eriksén of Human Work
Science and professor Lars Håkansson in Electrical Engineering focusing on signal systems
sensors. Sara has much experience in performing successful research projects with different
organizations. Lars has much experience from performing successful research in cooperation
with industry. The reference group will assist researcher Jenny with advices and
recommendations concerning the project as well as her own professional development. The
cooperation with reference group are on demand and always two weeks before each halfyear for delivery, since we have teaching cooperation as well and share same cofferoom, just
in time questions can easily be arranged. Sara has not met the industrial partners and Lars

has met one of them, Areff, so bringing the reference group to meet the industrial partners
are vital. This will be handled in intro when starting up the project. A monthly meeting with
progress from Jenny to reference group will be arranged (if some in the reference group are
away, it will be handled via mail).

4. Time plan and expected results
Months 1-6:
Activities during this time period:
o Doing a literature survey on state-of-the-art regarding sensors and smart home
solutions. This activity will be done by BTH together with experts at Areff and
Tentaculus.
o Establishments of use-cases, this will be done in cooperation with Areff, Tentaculus,
TPIHousing and Mirum.
o Deeper understanding of ethics, rules, regulations and possibilities for measurements
of reminder functionality for reminder systems. Tentaculus, Mirum
o Establishment of volunteers for study and ethical approval. Mirum
o Initiation for installation of measurement equipment for study (Areff is the base
Tentaculs is the implementation copartner).
o Further insights in reminder systems, including measurement possibilities and
strategies.
o Studies to try out other smart home solutions. BTH, Tentaculus, Mirum, TPI Housing
Deliverables at the end of this time period:
o An internal report on the state-of-the-art of sensors and smart home systems.
o Ethical approval report with consultancy from the reference group, rework and
sharpen part solutions for project contribution and reconsider ethic approval issues.
Industry has as a robust knowledge in regulations and laws and has successfully
implemented smart home solutions in homes. Dismantle parts of solutions and focus
upon engineering and requirements building.

Months 7-12:
Activities during this time period:
o Investigate possibilities of prototype combinations of different types of sensors and
actuators connected to ‘safety alarms’ to be worn. Areff, Tentaculus
o Workshop, discussion and studies with elderly concerning reminder and memory. All
project partners
o Application of data acquisition for increased understanding of behavior of elderly.
Mirum, Tentaculus
Deliverables at the end of this time period:
o A report on smart home sensor, actuators and possibilities of combinations will be
published the results as a journal/conference article. Possibilities for concept solution
based on industrial cooperation.
o Internal report and analysis of initial data acquisition.

Months 13-18:
Activities during this time period:
o Application of selected sensors and sensor combinations. Areff, Mirum, Tentaculus,
TPIHousing.

o Monitoring and diagnosis. Alerting reminders as test approach, connect to other
sensor data.
o Social sharing of data, workshop with the project partners. All project partners.
Deliverables at the end of this time period:
o Develop models on how to monitor and analyze different kinds of unidentified data
from the sensors. BTH, Tentaculus, Areff
o Thorough models of risks and possibilities with the social connections and/or as basis
for external support from different types of professionals.

Months 19-24:
Activities during this time period:
o Mobile extraction of data. BTH, Tentaculus
o Marketing concept possibilities. All project partners.
o Update and service support and automation possibilities.
o Cost effective standardization systems.
o Municipality will form a test group for validation of results from the project. They
perform this within their own budget. BTH,Mirum
o Identification of patterns in behavior that makes the elderly more inactive, and
approaches in how to break such patterns.
Deliverables at the end of this time period:
o Research article
o End report and presentation of project and focus for future research challenges.

5 Coproduction between project partners
The cooperation between the project partners BTH, Areff, Mirum, Tentaculus and TPI
Housing makes it possible to produce results that no one of the organizations could do
individually. BTH contribute with research competence and experienced interdisciplinary
research group within the focus field. However BTH cannot self answer the research
questions defined in this project. It is crucial that we have our experienced industrial partners
that support us in answering the highly relevant industrial research questions.
BTH will benefit from the competence in applying sensor, actuators and
identifier on the market with the competence within Areff. Experts at Areff have managed to
get big customers in competition with other well established companies, mainly due to their
competence in cost-effectiveness and skills in engineering. Borrowing and experimenting
with sensors and actuators from Areff is of importance, this since we can investigate cost
effective ways for mass production of relevant identifiers/sensor/actuators that could support
the eldery for an independent living. Areff support with sensors, actuators and equipment, but
when deciding and trying out prototype for market, some equipment is to be bought.
Mirum has established competence and skills for understanding the need of the
elderly adopt to and open up for technological solutions towards the elderly needs.
Furthermore they have skills in the understanding of letting the elderly take an active choice
in support, selecting and individually adjust the ICT systems. This interest in technology,
understanding of models for acceptance of technology and the deep insight and understanding
of the importance of the social activities for the health and well-being of the elderly are of
high importance for the success of this project. Mirum contribute with competence concerning
social living for elderly and understanding of rules and regulations in possibilities for design
and living for elderly. With the support of Mirum, access and understanding of elderly and
needs are within reach. Mirums competence in elderly and social behaviors contributes in

great essence to the project success. Mirum hold the requirements and the end-customer, close
interaction between Mirum and Tentaculus will be necessary for project success. Mirum offers
support in the process of connecting to requirements.
Tentaculus holds the market need in sensor and sensor network competence,
they have produced and sold smart home systems and have skills and competences in
obstacles and barriers to overcome on the market. They also have strong competence in
understanding persons with cognitive disabilities and have an engineering, invention and
exploratory drive that make it possible to test out and discuss engineering support for elderly.
Tentaculus will basically consider and deal with the insights from the cooperation with Areff
and Mirum. Tentaculus has the highest competence in the rules and regulations for applying
smart home equipment, however we have also high support from senior researchers within the
bigger research group and good connections with municipality and county councils through
cooperation in project funded from Hjälpmedelsinstitutet.
TPIHousing will contribute in this project with skills in how to understand
markets and needs for elderly house concepts. TPI aim at producing low cost, energy efficient
housings including common house for the social well-being of elderly. TPI has a wellestablished sight for automation and optimize processes for housing concepts worldwide and
are an important actor for getting the smarthome system into a house in the selling point as a
smart home concept. TPI is an active participant in understanding smart home technology
importance for the success of next generation smart home system concept. Having this actor
connected in the early stages of development is key recourse for a reasonable success. This
since there is indications on the smart home market, showing that getting the smart home as a
concept already when buying the house might contribute to a successful acceptance and use of
smart home. TPI is the concept holder and production will live up to the requirements to hold
the smart home concept. Furthermore from a highlevel business perspective, the drive in TPI
for automation, optimization will be additional contribution to all project partners.
In general, the different partners complement each other, BTH stand for the
research and competence within the field of smart home and engineering. Tentaculus holds the
smart home technical system on the market, Areff holds the future possibilities for adoption
and adjustment of functions in the technical system. Mirum holds the requirements
perspective, TPI Housing for the concept and marketing of end product. BTH takes the lead in
this research project aiming for next generation sustainable smart home system. The
possibilities for a successful project are there, some smart home installations have been made,
and possibilities for initial prototyping on mobile extraction of data from Smart Home are
arranged.

6. Information and dissemination of results
The main way of spreading the results in a scientific community is through normal
publications through scientific conferences and journals. We will also spread the results to
students in courses of relevance such as in the course Innovative interfaces. We will arrange
a couple of workshops within BTH. The results from the project will be spread to other
companies in the area, but also to municipalities and county councils, EU projects that are
interested in the outcome of the project. Dialogue with life critical organization on examples
on how to interpret and act upon data from smart homes is one part in this approach.
We will also write a recommendation letter after each year, informing about the progress in
the project. This will be distributed to the industries that are of relevance for this project, but
also to municipalities and county councils and of course to the big group of elderly through
elderly organizations and support organizations such as hjälpmedelscentraler and more.
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APPENDIX 3

Appendix 4

ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

1.PEOPLE

: Stakeholder Study

- Stakeholder Identification:

#

A4 : Definitions & Explanations and Study Elements and Concepts

1
2
3

http://en.wikipedia.org/wiki/Sociology
http://en.wikipedia.org/wiki/Stakeholder_management
http://www.accenture.com/SiteCollectionDocuments/PDF/BrysonStakeholderIDandAnalysisPMRArticle.pdf

4

http://www.icra-edu.org/objects/anglolearn/Stakeholder_Matrices-Guidelines(new).pdf

5

http://en.wikipedia.org/wiki/Stakeholder_analysis

+ WHO are they?

- Stakeholder Matrix:
+ WHAT are they?
* ACTORS playing Roles of:
~ Owners
~ Designers
~ Builders
~ Operators
~ Clients
~ Visitors
~ Supporters
~ Resistors
~ Observers
~ Authority
- Stakeholder Analysis:
+ WHY are they acting:
* Fulfilling Life Space visions of
+ HOW are they acting?
* Exercising Power
* Using the System
* Influencing the System
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Appendix 4

ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

#

A4 : Definitions & Explanations and Study Elements and Concepts

6

http://en.wikipedia.org/wiki/Stakeholder_engagement

7

http://en.wikipedia.org/wiki/Massively_distributed_collaboration

8
9
10

http://en.wikipedia.org/wiki/Systems_science
http://en.wikipedia.org/wiki/View_model
http://en.wikipedia.org/wiki/Design_philosophy

11
12
13
14
15
16
17
18
19
20

http://en.wikipedia.org/wiki/List_of_software_development_philosophies
http://en.wikipedia.org/wiki/Ontology_(computer_science)
http://en.wikipedia.org/wiki/Epistemology
http://en.wikipedia.org/wiki/Knowledge
http://en.wikipedia.org/wiki/Axiology http://en.wikipedia.org/wiki/Value_(ethics)
http://en.wikipedia.org/wiki/Ethics
http://en.wikipedia.org/wiki/Aesthetics
http://en.wikipedia.org/wiki/Design_science
http://en.wikipedia.org/wiki/Software_development_methodology
http://en.wikipedia.org/wiki/Systems_engineering

21

http://en.wikipedia.org/wiki/Cybernetics

22
23

http://en.wikipedia.org/wiki/Structure http://en.wikipedia.org/wiki/Top-down_and_bottom-up_design
http://en.wikipedia.org/wiki/Hierarchy
http://en.wikipedia.org/wiki/Hierarchical_database_model

24
25
26
27

http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Information
http://en.wikipedia.org/wiki/Intelligent_agent
http://en.wikipedia.org/wiki/Regulatory_system

28
29

http://en.wikipedia.org/wiki/Communication_theory
http://en.wikipedia.org/wiki/Collaboration

+ WHEN are they acting?
* Have the power to act
* Feel it's in their best interest
* Are forced to act
- Stakeholder Engagement:
+ Collaboration (of stakeholders)
- Stakeholder Agreements:

2.SYSTEMS

: View-Model Study

- Design View Drivers
+ Philosophies
* Ontological Inqueries
* Epistemological Inqueries
* Axiological Inqueries
a) Ethics
b) Aesthetics
+ Theories
+ Methods
+ Applications
- Cybernetics View Drivers
+ Structural Systems
1: Hierarchy
* Facility
* Data
* Information
* Intelligent Agents
2: Behavior Systems
* Process
* Communications
* Collaboration

http://en.wikipedia.org/wiki/Systems_theory

http://en.wikipedia.org/wiki/Intelligent_agent
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ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

#

A4 : Definitions & Explanations and Study Elements and Concepts

+ Regulatory Systems
+ Sociocybernetics

30
31

http://en.wikipedia.org/wiki/Regulatory_system
http://en.wikipedia.org/wiki/Sociocybernetics

- Construct View Analysis

32

http://en.wikipedia.org/wiki/Enterprise_Architecture_framework

33
34
35
36
37
38
39
40
41
42

http://en.wikipedia.org/wiki/View_model
http://en.wikipedia.org/wiki/Organization
http://en.wikipedia.org/wiki/Requirement
http://en.wikipedia.org/wiki/Scenario_planning
http://en.wikipedia.org/wiki/Information_model
http://en.wikipedia.org/wiki/Metamodeling
http://en.wikipedia.org/wiki/Data_Presentation_Architecture
http://en.wikipedia.org/wiki/Function_model
http://en.wikipedia.org/wiki/Activity_diagram
http://en.wikipedia.org/wiki/Process_model
http://en.wikipedia.org/wiki/Control_flow

43
44
45
46

http://en.wikipedia.org/wiki/Systems_design
http://en.wikipedia.org/wiki/Information_Technology_Infrastructure_Library
http://en.wikipedia.org/wiki/Specification
http://en.wikipedia.org/wiki/Software_requirements
http://en.wikipedia.org/wiki/Implementation
http://en.wikipedia.org/wiki/Project_management

47
48
49
50

http://en.wikipedia.org/wiki/Programming
http://en.wikipedia.org/wiki/Software_deployment
http://en.wikipedia.org/wiki/Risk_management
http://en.wikipedia.org/wiki/Control_system
http://en.wikipedia.org/wiki/Control_engineering

51

http://en.wikipedia.org/wiki/Asset_Management_Plan

52

http://en.wikipedia.org/wiki/Operational_View

53
54
55
56

http://en.wikipedia.org/wiki/Operations_architecture
http://en.wikipedia.org/wiki/Service-level_agreement
http://en.wikipedia.org/wiki/Configuration_management
http://en.wikipedia.org/wiki/Interoperability

57

http://en.wikipedia.org/wiki/Software_maintenance

58

http://en.wikipedia.org/wiki/Mathematical_optimization

+ Management Viewpoint
1: Organizational plans
2: Requirements plans
3: Scenario plans
+ Information Viewpoint
1: Metamodel Plan
2: Information Plan
+ Functional Viewpoint
1: Functional Dataflow Plan
2: Functional Control Plan
+ Technology Viewpoint
1: Standards Plan
2: Infrastructure Plan
+ Engineering Viewpoint
1: Implementation Plans
* Hardware
* Programming
* Deployment
4: Risk Management Plans
5: Control Engineering Plans
+ Physical Viewpoint
1: Asset Management Plan
- Operational View Analysis
+ Operations Architecture View
1: Service Level Agreement
2: Configuration Management
+ Interoperability View
+ Maintenance View
1: Software
2: Hardware
+ Optimization View

http://en.wikipedia.org/wiki/Process_optimization
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ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

#

A4 : Definitions & Explanations and Study Elements and Concepts

59

http://en.wikipedia.org/wiki/Complexity

60
61
62

http://en.wikipedia.org/wiki/Complex_systems_theory
http://en.wikipedia.org/wiki/Multi-agent_system
http://en.wikipedia.org/wiki/System_of_systems

63

http://en.wikipedia.org/wiki/Security_by_design

64
65
66
67

http://en.wikipedia.org/wiki/Infrastructure_security
http://en.wikipedia.org/wiki/Physical_security
http://en.wikipedia.org/wiki/Computer_security
http://en.wikipedia.org/wiki/Information_security

- Contingency Planning

68

http://en.wikipedia.org/wiki/Contingency_plan

- Sustainability Planning

69

http://en.wikipedia.org/wiki/Sustainable_development

- Scenario Planning

70

http://en.wikipedia.org/wiki/Scenario_planning

- Complexity Analysis
+ Systems Complexity View
+ Multi-Agent System View
+ System of Systems View
- Security Planning
+ Infrastructure security
+ Physical security
+ Computer security
+ Information Security

71
72
- Key Performance Indicators (KPI) 73

3.QUALITY

: Grade & Criteria Study

http://en.wikipedia.org/wiki/Green_IT

http://en.wikipedia.org/wiki/Quality_management
http://en.wikipedia.org/wiki/Quality_management_system
http://en.wikipedia.org/wiki/Information_quality
http://en.wikipedia.org/wiki/Key_performance_indicator
http://en.wikipedia.org/wiki/SMART_criteria

- Benchmarking

74

http://en.wikipedia.org/wiki/Benchmarking

- Trigger Points

75

http://en.wikipedia.org/wiki/Accuracy

- Standards

76

http://en.wikipedia.org/wiki/Quality_standards
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ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

4.VELOCITY

: Speed Study

#

A4 : Definitions & Explanations and Study Elements and Concepts

77

http://en.wikipedia.org/wiki/Velocity

78
79
80

http://en.wikipedia.org/wiki/Velocity_(software_development)
http://en.wikipedia.org/wiki/Feature-driven_development
http://en.wikipedia.org/wiki/Cognitive_load http://en.wikipedia.org/wiki/Motivation

81

http://en.wikipedia.org/wiki/Enterprise_Life_Cycle

82

http://en.wikipedia.org/wiki/Application_lifecycle_management

83

http://en.wikipedia.org/wiki/Financial_planning

84
85
86
87

http://en.wikipedia.org/wiki/Capital_budgeting
http://en.wikipedia.org/wiki/Total_cost_of_ownership
http://en.wikipedia.org/wiki/Rate_of_return
http://en.wikipedia.org/wiki/Ecological_economics http://en.wikipedia.org/wiki/Social_costs

- Design & Build Process
+ Overall Progress Aim
+ Milestone Targets
+ Critical Build Velocity Points
- Operational Velocity
+ Overall system speed aim
+ System speed metrics
+ Critical system speed points

5.DURATION : Life-Cycle Study
- Total System Duration

http://en.wikipedia.org/wiki/Systems_development_life_cycle

- System Parts Duration
- Critical System Components

6.ECONOMY : Financial Study
- Economical View-points
+ Investment Size
+ Total Cost of Ownership
+ Rate of Return
+ Ecological Economics
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APPENDIX 5

People, Activities, Contexts and Technologies
- a framework for designing interactive systems
Aims
An essential part of our approach to designing interactive systems is that it should put people first;
it should be human-centred. We use the acronym PACT (People, Activities, Contexts,
Technologies) as a useful framework for thinking about a design situation. Designers also need to
know about the features of interactive technologies and how to approach designing interactive
systems.
1

Introduction

People use technologies to undertake activities in contexts. For example, teenagers use cell (mobile)
phones to send text messages to their friends whilst sitting on a bus. Secretaries use Microsoft Word
to write documents in a firm of solicitors. Air traffic controllers work together to ensure the smooth
operation of an airport. A septuagenarian woman uses an intruder alarm system to set alarms in her
house. People use internet-based dating services to make contact with other people when sitting in
an internet café.
In all these settings we see people using technologies to undertake activities in contexts and it is the
variety of each of these elements that makes designing interactive systems a difficult but interesting
challenge. Technologies are there to support a wide range of people undertaking various activities
in different contexts. If the technology is changed then the nature of the activities will also change.
This issue is summed up in the following figure:

This figure shows how activities (and the contexts within which they take place) establish
requirements for technologies which in turn offer possibilities that change the nature of activities.
And so the cycle continues as the changed activity results in new requirements for technologies and
so on. Designers need to keep this cycle in mind as they attempt to understand and design for some
domain.(The word ‘domain’ here means an area of study, a ‘sphere of activity’).

For example as personal computers have become more common so the domain of e-mail has
changed. Originally e-mail was all in text only, but now it is in full colour with pictures and video
embedded. Other items can be attached to e-mails easily. This has led to a need for better facilities
managing it for organising pictures, and documents and addresses. Software now keeps track of
threads of e-mails and links between e-mails.
To design interactive technologies we need to understand the variety inherent in all these four
elements. We also need to understand what is involved in interactive systems design and how to
undertake design.

2

People

People differ from one another in a variety of ways.
Physical differences:
People differ in physical characteristics such as height and weight. People have different
personalities and different cognitive skills and preferences. Variability in the five senses - sight,
hearing, touch, smell and taste - has a huge effect on how accessible, how usable and how enjoyable
using a technology will be for people in different contexts. For example, colour blindness (usually
the inability to correctly distinguish between red and green colours) affects about 8 percent of
western males, short-sightedness and long-sightedness affect many, and many people are hearing
impaired. In Europe there are 2.8 million wheelchair users so designers must consider where
technologies are placed and many people have dexterity impairments involving the use their fingers.
All of us have relatively large fingers compared to the small size we can make buttons.
Psychological differences:
Psychologically, people differ in a variety of ways. For example, people with good spatial ability
will find it much easier to find their way around and remember a web site than those with a poor
ability. Designers should design for people with a poor ability by providing good signage and clear
directions. Language differences are of course crucial to understanding and cultural differences
affect how people interpret things. For example, in Microsoft Excel there are two buttons, one
labelled with a cross and the other a tick. In the US a tick is used for acceptance and the cross
rejection, but in Britain a tick or a cross can be used to show acceptance (e.g. a cross on a voting
paper).
People also have different needs and abilities when it comes to attention and memory and these can
change depending on factors such as stress and tiredness. No-one can remember long numbers or
complicated instructions. All people are better at recognizing things than they are at remembering
things. Some people can quickly grasp how something works whereas for others it can take much
longer.
When people have had different experiences they will develop different conceptual ‘models’ of
things. The understanding and knowledge that we possess of something is often referred to as a
‘mental model’ If people do not have a good mental model of something they can only perform
actions by rote. If something goes wrong they will not know why and will not be able to recover.
This is often the case with people using software systems, but is also the case with ‘simpler’
domestic systems such as central heating systems, thermostats and so on.

Designers have a conceptual model. So does each user, based on interaction with the system. The
system image results from the physical structure that has been built (including documentation,
instructions and labels). The designer expects the user's model to be identical to his. However, the
designer does not talk directly with the user. All communication takes place through the system
image. If the system image does not make the designer's model clear and consistent then the user
will end up with the wrong model. So a key design principle is to design things so that people will
form correct and useful mental models of how they work and what they do.

Usage differences:
Novice and expert users of a technology will typically have very differing requirements. Experts
use a system regularly and learn all sorts of details, whereas a novice user of the same system will
need to be guided through an interaction. An interesting type of system user is the ‘discretionary’
user – a person who does not have to use a system and who is often quickly put off if things are
difficult to do. Designers need to entice these people to use their systems.
Designing for homogeneous groups of people – groups who are broadly similar and want to do
much the same things - is quite different from designing for heterogeneous groups. Web sites have
to cater for heterogeneous groups and have particular design concerns as a result. A company’s
intranet, however, can be designed to meet the particular needs of particular people. Representatives
from a relatively homogeneous group – secretaries or managers or laboratory scientists, say – could
be made part of the design team and so provide much more detailed input as to their particular
requirements.

3

Activities

There are many characteristics of activities that designers need to consider. The term is used for
very simple tasks as well as highly complex, lengthy activities, so designers need to be careful when
considering the characteristics of activities. Below is a list of the most important characteristics of
activities that designers need to consider. First and foremost, the designer should focus on the
overall purpose of the activity. After that the main features are:

Temporal aspects:
1. How regular or infrequent activities are. Something that is undertaken everyday can have a
very different design from something that happens only once a year. People will soon learn
how to make calls using a cell phone, but may have great difficulties when it comes to
changing the battery. Designers should ensure that frequent tasks are easy to do, but they
also need to ensure that infrequent tasks are easy to learn (or remember) how to do.
2. Other important features of activities include time pressures, peaks and troughs of working.
A design that works well when things are quiet can be awful when things are busy.
3. Some activities will take place as a single, continuous set of actions whereas others are more
likely to be interrupted. If people are interrupted when undertaking some activity the design
needs to ensure that they can ‘find their place’ again and pick up. It is important then to
ensure that people do not make mistakes or leave important steps out of some activity.
4. The response time needed from the system must be considered. If a Web site takes two
minutes to deliver a response when the server is busy that may be frustrating for a normal
query but it could be critical if the information is needed for some emergency. As a general
rule people expect a response time of about 100ms for hand-eye coordination activities and
1s for a cause-effect relationships such as clicking a button and something happening.
Anything more than 5s and they will feel frustrated and confused.
Co-operation:
5. Another important feature of activities is whether they can be carried out alone or whether
they are essentially concerned with working with others. Issues of awareness of others and
communication and coordination then become important.
Complexity:
6. Well-defined tasks need different designs from more vague tasks. If a task or activity is well
defined it can be accomplished with a simple step-by-step design. A vague activity means
that people have to be able to browse around, see different types of information move from
one thing to another and so on.
Safety-criticality:
7. Some activities are ‘safety-critical’ i.e. where any mistake could result in an injury or a
serious accident. Others are less so. Clearly where safety is involved designers must pay
every attention to ensuring mistakes do not have a serious effect.
8. In general it is vital for designers to think about what happens when people make mistakes
and errors and to design for such circumstances.
The nature of the content:
9. Consider the data requirements of the activity. If large amounts of alphabetic data have to
be input as part of the activity (recording names and addresses, perhaps, or word processing
documents) then a keyboard is almost certainly needed. In other activities there may be a
need to display video or high quality colour graphic displays. Some activities, however,
require very modest amounts of data, or data that does not change frequently and can make
use of other technologies. A library, for example, just needs to scan in a bar code or two so
the technology can be designed to exploit this feature of the activity.
10. Just as important as data is the medium that an activity requires. A simple two-tone display
of numeric data demands a very different design from a full motion multi-media display.

4

Contexts

Activities always happen in a context, so there is a need to analyse the two together. Three useful
types of context are distinguishable; the organisational context, the social context and the physical
circumstances under which the activity takes place. Context can be a difficult term. Sometimes it is
useful to see context as surrounding an activity. At other times it can be seen as the features that
glue some activities together into a coherent whole.
For the ‘Withdraw cash from an ATM’ activity, for example, an analysis of context would include
things such as the location of the device (often as a ‘hole-in-the-wall’), the effect of sunshine on the
readability of the display and security considerations. Social considerations would include the time
spent on a transaction or the need to queue. The organisational context for this activity would take
into consideration the impact on the bank’s ways of working and its relationships with its
customers. It is important to consider the range of contexts and environments in which activities can
take place.
Physical environment:
The physical environment in which an activity happens is important. For example the sun shining
on an ATM display may make it unreadable. The environment may be very noisy, cold, wet, or
dirty. The same activity – for example logging on to a web site - may be carried out in
geographically remote environments where internet access is slow, or with all the facilities of a
large city and fast networks.
Social context:
The social context within which the activity takes place is also important. A supportive environment
will offer plenty of help for the activity. There may be training manuals available, tuition or experts
to hand if people get into trouble. There may be privacy issues to consider and an interaction can be
very different if the person is alone than if they are with others. Social norms may dictate the
acceptability of certain designs. For example, the use of sound output is often unacceptable in an
open-plan office environment, but might be quite effective where a person is working alone.
Organisational context:
Finally the organisational context is important as changes in technology often alter communication
and power structures and may have effects on jobs such as deskilling. The circumstances under
which activities happen (time, place, and so on) also vary widely and need to be taken into
consideration.
5

Technologies

The final part pf the PACT framework is the technologies. Interactive systems are typically systems
that consist of hardware and software components and which transform some input data into some
output data. They can perform various functions and typically contain a good deal of data, or
information content. People using such systems engage in interactions and physically devices have
various degrees of style and aesthetics. Interactive systems constitute the medium that interactive
system designers work with. Some important features of technologies are:

Input:
Input devices are concerned with how people enter data and instructions into a system securely and
safely. The characteristics of the data are important for choosing input methods. Bar codes, for
example are only sensible if the data does not change often. Touch screens are useful if there are
only a few options to choose from. Speech input is possible if there is no noise of background
interference and if there are only a few commands that need to be entered
Output:
Output needs to be considered including the characteristics of different displays (e.g. video vs.
photographs; speech vs. screen). ‘Streamy’ output such as video, music and speech has different
characteristics from ‘chunky’ media such as icons, text or still photographs. Most important,
perhaps, is that streamy media doesn’t stay around long. Instructions given as speech output, for
example, have to be remembered whereas if displayed as a piece of text, they can be read over
again.
Communication:
Communications between people and between devices needs to be considered. Here issues such as
bandwidth and speed are critical. So too is feedback to people so that they know what is going on
and indeed that something is going on! In some domains the transmission and storage of large
amounts of data becomes a key feature. Communication between devices is another important
consideration.
Content:
This concerns the data in the system and the form it takes. Good content is accurate, up-to-date,
relevant and well-presented. There is little point in having a sophisticated information retrieval
system if the information, once retrieved, is out-of-date or irrelevant. In some technologies content
is just about everything (e.g. Web sites are usually all about content). Other technologies are more
concerned with function (e.g. a remote control for a TV). Most technologies have a mixture of
function and content.
6

Scoping a problem with PACT

The aim of human-centred interaction design is to harmonise the PACT elements in a particular
domain. Designers want to get the right mix of technologies to support the activities being
undertaken by people in different contexts. A PACT analysis is useful for both analysis and design
activities; understanding the current situation, seeing where possible improvements can be made or
envisioning future situations. To do a PACT analysis the designer simply scopes out the variety of
P, A, C and Ts that are possible. This can be done using brainstorming and other envisionment
techniques (e.g., draw pictures, sketches, cartoons, cut out pictures from magazines and stick them
on a board).and by working with people through observations, interviews and workshops.
The results can be written up as detailed concrete ‘scenarios of use’. Scenarios are stories about
people undertaking activities using technologies in contexts. Develop conceptual scenarios that
cover the main activities that the technology has to support. Develop concrete versions of these for
specific designs of the technology. For example - a conceptual scenario might say ‘Pete logs onto
the computer’, and a concrete version might be ‘Pete clicks on the “log on” icon’

The designer should look for trade-offs between combinations of PACT and think about how these
might effect design.
For people, designers need to think about the physical, psychological and social differences and
how those differences change in different circumstances and over time. It is most important that
designers consider all the various stakeholders in a project, not simply the ‘end users’. There are
often groups of people who have an interest, or stake, in a project who will never use the system;
managers, administrators, customers can all be affected by changed systems that other people are
using.
Developing ‘Personas’ can be useful here: A persona is a profile of a typical user; it is a description
of an archetypal user synthesized from a series of interviews with real people and includes a name,
a social history, and a set of goals that drive the design of the product or web site. By closely
adhering to the goals of a specific persona, the designers satisfy the needs of the many users who
have goals similar to those of the persona. The process is even more effective when designers
design for several personas simultaneously, as they can satisfy an even larger number of users.
Persona: Rhonda Wilson, Nurse Unit Coordinator
Rhonda is a 36-year-old registered nurse who has worked at several skilled nursing
facilities. She started out in acute care but moved to long-term care so she could
have more autonomy. Rhonda was promoted to Unit Coordinator four years ago
because she is very competent and generally well organised.
Rhonda is entirely overwhelmed and is drowning in paper, even more so than the
average nurse. She often misses eating dinner with her boyfriend because she has
to work late, filling out forms and reports.
Rhonda’s goals are to:
Spend time on patient care and staff supervision, not paperwork.
Be proactive. Rhonda needs to understand trends in order to solve problems before they
happen, instead of just reacting to crises.
Know that things are being done right. Rhonda supervises the unit because she’s good at
what she does. If nurses aren’t following procedure or documenting things, she wants to
know right away.

A financial services company was looking to redesign its website. There were thousands of users,
each with very different goals, coming to the site every week, and the firm did not know how to
approach the design. The firm was advised to develop several personas, one for each major class of
audience member. In talking with the client, designers determined that the firm could get by with a
couple of key personas: a seasoned investor and an infrequent investor.
For activities designers need to think about the complexity of the activity (focused or vague, simple
or difficult, few steps or many), the temporal features (frequency, peaks and troughs, continuous or
interruptible), co-operative features and the nature of the data. For contexts they think about the
physical, social and organisational setting and for technologies they concentrate on input, output,
communication and content.

As an example, let us assume that we have been asked by a university department to consider
developing a system controlling access to their laboratories. A PACT analysis might include:

People
Students, lecturers and technicians are the main groups. These are all well educated and understand
things such as swipe cards, passwords and so on. People in wheelchairs need to be considered as do
other design issues such as colour blindness. There may be language differences. Both visitors and
frequent users need to be considered. However, there are other stakeholders who do need access to
rooms such as cleaning staff and security personnel. What are the motivations of management to
control access in the first place?

Activities
The overall purpose of the activity is to enter some form of security clearance and to open the door.
This is a very well-defined activity that takes place in one step. It happens very frequently with
peaks at the start of each laboratory session. The data to be entered is a simple numeric or alphanumeric code. It is an activity that does not require cooperation with others (though may be done
with others of course). It is not safety-critical, though security is an important aspect.

Contexts
Physically the activity takes place indoors, but people might be carrying books and other things that
makes doing anything complicated quite difficult. Socially it may happen in a crowd, but also may
happen late at night when no-one else is about. Organisationally, the context is primarily about
security and who has access to which rooms and when they can gain access. This is likely to be
quite a politically charged setting.

Technologies
A small amount of data has to be entered quickly. It must be obvious how to do this to
accommodate visitors and people unfamiliar with the system. It needs to be accessible by people in
wheel chairs. The output from the technology needs to be clear; that the security data has been
accepted or not and the door has to be opened if the process was successful. Communication with a
central database may be necessary to validate any data input, but there is little other content in the
application.
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ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

1.PEOPLE

: Stakeholder Study

- Stakeholder Identification:
+ WHO are they?

- Stakeholder Matrix:

Parameters:

Remarks & Examples Questions:

What are the objectives and motivations to build and maintain (and/or keep alive) the system?
Participating parties; either internal or external to the designed environment

investors, employees, suppliers, customers, governmental
bodies, political groups, trade associations, trade unions,
communities, associated corporations, non-profits, charity
organizations, prospective employees, prospective customers,
public at large and (even) competitors

How will who they are effect their participation? Any critical stakeholder
relationships and why?

Positioning stakeholders according to the level of influence, impact or enhancement

+ WHAT are they?
* ACTORS playing Roles of:
~ Owners
~ Designers
~ Builders
~ Operators
~ Clients
~ Visitors
~ Supporters
~ Resistors
~ Observers
~ Authority
- Stakeholder Analysis:

Interest and motivation level
System know-how level
Technical know-how level
Operational (technical and social) skills
Demands
Expectations
Dreams
Fears
Curiosity
Regulations, laws and IP-Rights

Who owns the system? Why do they own it? For how long?
Who designs the system? Based on what know-how & World-View?
Who develops and implements the system?
Who operates the system? - Why? How? When?
Who are the system clients? - Why? How? When?
Who are the system visitors? - Why? How? When?
Who are the system supporters? - Why? How? When?
Who are the system resistors? - Why? How? When?
Who are the observers of the system? - Why? How? When?
Who has direct/inderect authority over the system? - Why? How? When?

Recognise and acknowledge stakeholder's needs, concerns, wants, authority, common relationships, interfaces

+ WHY are they acting:

Who has the most power and why? How will they use it? Who has the
least power and why? Will it be a problem they are weak?

* Fulfilling Life Space visions of Motives, Values, Needs, Moods, Goals, Anxieties, ideals

Any visible conflicts?

+ HOW are they acting?
* Exercising Power
* Using the System
* Influencing the System

On, In and around the system
As: Operators, Clients, Visitors
By: Supporting it, Resisting it, Competing with it

Who will use the system? Why will they use it?
What are their objectives?
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ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

Parameters:

Remarks & Examples Questions:

+ WHEN are they acting?
When is that? Cicumstances? Trigger points?
When is that? Cicumstances? Trigger points?
When is that? Cicumstances? Trigger points?

* Have the power to act
* Feel it's in their best interest
* Are forced to act
- Stakeholder Engagement:
+ Collaboration (of stakeholders)
- Stakeholder Agreements:

2.SYSTEMS

Discuss and agree: expectations of communication, set of Values and Principles that all stakeholders will abide by

whom, how, when, terms, criteria

On how large/small scale? Under what circumstances?

Collection of agreed and signed legal agreements between all or some stakeholders

: View-Model Study

- Design View Drivers

The visionary ideas and ideals that the system design is based on

+ Philosophies
* Ontological Inqueries
* Epistemological Inqueries

Instances, classes, attributes, hierachies, levels, relationships
measurable objectives (quantity, usage, time)

* Axiological Inqueries
a) Ethics
b) Aesthetics
+ Theories
+ Methods
+ Applications

value, worth, circumstances
high, low, 'not important'
high, low, 'not important'
design science ideas
used models, strategies, methods, and tools
few, many, specific, random

- Cybernetics View Drivers
+ Structural Systems
1: Hierarchy
* Facility
* Data
* Information
* Intelligent Agents
2: Behavior Systems
* Process
* Communications
* Collaboration

What world-views and models are used as a base for the design?
What objects are related to what, why and how?
What is Knowledge (for us)?, How do we acquire it?, What do we
know?, How do we know what we know?
What's the value of what is done? What's it worth, when, to whom?
How ethical is the designed system?
How aestetic is the designed system?
What system design concepts are to be used? Why?
What philosophies and theories are used methods based upon?
How should/can/will the designed system be applied?

The organizational ideas and structures the system design is modeled on

level of: indexing, stucturing, cognitivity and related standards
physical location, virtual location(Domain/URL), Infrastructure
protocols, meta-data, linked data
structure, model, format, standard, classification, categorization
humans, machines, software agents, spatial, communtities
readability, accessability, cognitivity, quantity, quality
H/M languages, transparancy, relevance, quantity, quality

What levels of structure is needed/sufficient? Why?
What levels of hierachy is needed/sufficient? Why?
How should the Facility be designed? Why?
How should data be created and handled? Why?
How should information be designed? Why?
How should agents system usage be designed? Why?
What levels of behavior structure is needed/sufficient? Why?
How should process be designed? Why?
How should the communication be designed? Why?
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ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:
+ Regulatory Systems
+ Sociocybernetics
- Construct View Analysis
+ Management Viewpoint
1: Organizational plans
2: Requirements plans
3: Scenario plans
+ Information Viewpoint
1: Metamodel Plan
2: Information Plan
+ Functional Viewpoint
1: Functional Dataflow Plan
2: Functional Control Plan
+ Technology Viewpoint
1: Standards Plan
2: Infrastructure Plan
+ Engineering Viewpoint
1: Implementation Plans
* Hardware
* Programming
* Deployment
4: Risk Management Plans
5: Control Engineering Plans
+ Physical Viewpoint
1: Asset Management Plan
- Operational View Analysis
+ Operations Architecture View
1: Service Level Agreement
2: Configuration Management
+ Interoperability View
+ Maintenance View
1: Software
2: Hardware
+ Optimization View

Parameters:

Remarks & Examples Questions:

rules or restrictions - controlling human or societal behavior
Aggression >Bureaucracy >Competition >Decision >Empathy

What levels of regulation is needed/sufficient? Why?
In what stage is the setup's relationship building process

The plans to build the system based on

structures, relationships, agreements, contracts, policies
requirements, goals, and objectives that drive the system
describes the way that the system is intended to be used

How realistic are the plans to achive the envisioned objectives?
How well should Vision & Cybernetics be incoporated?
How well should Vision & Cybernetics be incoporated?
What else could be done?

information elements and their structures and relationships
actual data and information as it is within the system

what schema for semantic data is needed?
How to identify, locate, manipulate, format and present the data?

abstract view of: activities, actions, processes, operations
order in which the individual statements, instructions or function calls are executed or evaluated.
communication protocols, file formats, design standards
repositories, frameworks, tools, networks

defines the standards to be adopted during design
defines the infrastructure elements
project management practises

Specifications, layouts, catalogues
Flow-charts, Requirments specifications
identify, characterize, and assess threats
e.g. Maps that show where assets are physically located

The Operational drivers the system is designed to fulfill

times per hour/day/week/month/year
process for establishing and maintaining consistency
open or closed standards

what are the deliverables and within what timeframe?
any guidelines and/or standards to follow?
what other systems can this system connect & work with? How?

corrective, adaptive, and perfective

e.g. ISO/IEC 14764
what parameters will make the system most optimal to operate?
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Elements of Focus:
- Complexity Analysis
+ Systems Complexity View
+ Multi-Agent System View
+ System of Systems View

Parameters:

Remarks & Examples Questions:

high, low, optimized, 'not important'

What is the DoC (Degree of Complexity) of the designed system?

how will the relationships between the parts give rise to the collective behaviors of a over-all system?
which are the passive and and active agents and in what environments can they be influencing the over-all system?
Any collection of task-oriented or dedicated systems that pool their resources and capabilities together?
high, low, optimized, 'not important', sabotage, theft, mistakes

What are the critical points regarding security? How to address?

electricity, networks, routers, switches
who, where, why, when give access
servers, datacenters, access devices
confidentiality, integrity, authenticity and availability

What are the targets? Criterias? Objectives? Why?
Who can enter facilities and devices and when.
What are the targets? Criterias? Objectives? Why?
What are the targets? Criterias? Objectives? Why?

- Contingency Planning

Risk & Impact of: force-majore type break-downs

What are the most likely disruptions? Why? How to prevent them?

- Sustainability Planning

tight/enough/limitless - budget, knowledge, human energy

What impact does the available resources have on the ISD?

- Scenario Planning

min/max/optimi - resources, quality, duration and velocity

How many alternative model views should be studied? Which?

of: people, information, systems and devices

What are the optimal quality criterias?

- Security Planning
+ Infrastructure security
+ Physical security
+ Computer security
+ Information Security

3.QUALITY

: Grade & Criteria Study

- Key Performance Indicators (KPI) accuracy, objectivity, believability, reputation, SMART

How 'high' will the system design aim. Quality of Service?

- Benchmarking

compare design, business processes and performance metrics to industry bests or best practices from other industries

- Trigger Points

min, max, volatility

What are the tigger points for actions to be taken

- Standards

specific rules and regulations to follow and fulfill

Any internal or external standards criterias? Which?
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ISD Framework for Extreme Information Management Systems (EIMS) by JMK
Elements of Focus:

4.VELOCITY

: Speed Study

- Design & Build Process
+ Overall Progress Aim
+ Milestone Targets
+ Critical Build Velocity Points
- Operational Velocity
+ Overall system speed aim
+ System speed metrics
+ Critical system speed points

Parameters:

Remarks & Examples Questions:

speed and direction
The velocity criteria the build process is driven by

instant, fast, normal, no pressure, no timeline
time targets of built features
managing and running implemeted systems

How fast should the system be developed? When is it needed?
What are the milestones? What are their impact on speed?
What are the pain points with regards to development speed.

The criteria the system is designed to run by

instant, fast, normal, no pressure, no timeline
time targets of build process steps

5.DURATION : Life-Cycle Study

How fast should the system be developed? When is it needed?
What are the milestones? What are their impact on speed?
What are the pain points with regards to development speed.
What is the optimal system lifespan?

- Total System Duration

days, weeks, months, years, decades, centuries

How long is the designed system planned to be in use?

- System Parts Duration

min, max, avarage, median and optimum duration

What parts needs to be renewed and when. How often? Cost?

- Critical System Components

cost to improve, expert, technology and supplier depedency

Which are the most critical parts to renew/upgrade? Why

6.ECONOMY : Financial Study
- Economical View-points
+ Investment Size
+ Total Cost of Ownership
+ Rate of Return
+ Ecological Economics

The Business Objectives and Motivations

Cost (build, run, maintain) and return

Can the economical criterias be achived?

Cash, finacing, cost of money
TCO = Investment + Interest + MRO
RoR, ROI or Profit
Sustainability, renewability, social costs

What are the terms for aquiring the funds?
Is TOC be for the entire lifespan of the system feasible?
money gained or lost relative to the amount of money invested
what sociological and ecological impact might the system have?
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1.PEOPLE

Apply ISD framework on IoT project “OpenSenses” – Research Observations

: Stakeholder Study

- Stakeholder Identification:
+ WHO are they?

6 independent project participants:
KK-Stiftelsen (KKS) , Areff, Mirum, TPI Housing (TPI), Tentaculus

and Blekinge Institute of Technology (BTH)

- Stakeholder Matrix:
+ WHAT are they?
* ACTORS playing Roles of:
~ Owners
~ Designers
~ Builders
~ Operators
~ Clients
~ Visitors
~ Supporters
~ Resistors
~ Observers
~ Authority

KKS is a Univ Research Fund, BTH is a Univesity and Areff, Mirum, TPI and Tentaculus are private companies
Tentaculus own their own technology (not protected IP), Areff sells others products. Not clear who “owns” the project iself.
Not clear who the designers are
Not clear who will build and what parts
Not clear who will operate and what parts
Mirum could be a client or their clients are clients, TPI is a sales channel. It is not clear who their clients would be.
Not cleat who will visit system and when
Governments, hospitals, alarmcentrals,
Alarm companies (unless partners)
Not clear or discussed yet
Not clear or discussed yet

- Stakeholder Analysis:
+ WHY are they acting:

To make profit, to offer better healtcare, to help family members and friends, to create jobs, to create new technology

* Fulfilling Life Space visions of Many stakeholders with very different objectives
+ HOW are they acting?
* Exercising Power
* Using the System
* Influencing the System

By investing money, by driving project, by resisting project, by promoting concept
Through: money, support, know-how,
Selling services, offering services, collecting data
Through: political, finacial, relegious and ethical opinions
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Elements of Focus:

Apply ISD framework on IoT project “OpenSenses” – Research Observations

+ WHEN are they acting?
* Have the power to act
* Feel it's in their best interest
* Are forced to act
- Stakeholder Engagement:
+ Collaboration (of stakeholders)
- Stakeholder Agreements:

2.SYSTEMS

Not clear or discussed yet
Not clear or discussed yet
If the project does not go as they want
How committed are the parties to see the development project materialize? Tentaculus has a direct finacial interest to futher
develop their technology and BTH to finish research project but how about the others? Especially TPI seems to have very little to
gain from the participation.
What has been agreed between the parties wrt the R&D results? Research funds have been set but what then?

: View-Model Study

- Design View Drivers
+ Philosophies
* Ontological Inqueries
* Epistemological Inqueries

What are the shared philosophies between the stakeholders? Not clear now.
No clear: How the created information objects will be classified and accoding to what standards? What is related to what and how will it be do
Not clear: What knowledge do the stakeholders look for, what is it worth to them and what will they do with it?

* Axiological Inqueries
a) Ethics
b) Aesthetics
+ Theories
+ Methods
+ Applications

Not clear: What the ethical vales of the stakeholders are and longterm objectives are not openly expressed.
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet

- Cybernetics View Drivers
+ Structural Systems
1: Hierarchy
* Facility
* Data
* Information
* Intelligent Agents
2: Behavior Systems
* Process
* Communications
* Collaboration

The main system will be inside the house/home of the subject on a single computer.
On the same systems harddisk
Not clear or discussed yet
None in use - except alarm outputs
None in place
None in place
None in place
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Elements of Focus:
+ Regulatory Systems
+ Sociocybernetics

Apply ISD framework on IoT project “OpenSenses” – Research Observations
Very simple control only inside client system.
Not clear or discussed yet

- Construct View Analysis
+ Management Viewpoint
1: Organizational plans
2: Requirements plans
3: Scenario plans
+ Information Viewpoint
1: Metamodel Plan
2: Information Plan
+ Functional Viewpoint
1: Functional Dataflow Plan
2: Functional Control Plan
+ Technology Viewpoint
1: Standards Plan
2: Infrastructure Plan
+ Engineering Viewpoint
1: Implementation Plans
* Hardware
* Programming
* Deployment
4: Risk Management Plans
5: Control Engineering Plans
+ Physical Viewpoint
1: Asset Management Plan

Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet

- Operational View Analysis
+ Operations Architecture View
1: Service Level Agreement
2: Configuration Management
+ Interoperability View
+ Maintenance View
1: Software
2: Hardware
+ Optimization View

Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet

Not clear or discussed yet
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Elements of Focus:
- Complexity Analysis
+ Systems Complexity View
+ Multi-Agent System View
+ System of Systems View

Apply ISD framework on IoT project “OpenSenses” – Research Observations
Simple system from a design standpoint but hard to maintain and update and add services to.
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet

- Security Planning
+ Infrastructure security
+ Physical security
+ Computer security
+ Information Security

Not very high.
Anybody can access the systems when entering the house
Not clear
Not clear

- Contingency Planning

Not clear what the plans and ideas are

- Sustainability Planning

Not clear what the plans and ideas are

- Scenario Planning

None presented - “one fits all” setup

3.QUALITY

: Grade & Criteria Study

- Key Performance Indicators (KPI) Not clear or discussed yet
- Benchmarking

Not clear or discussed yet

- Trigger Points

Not clear or discussed yet

- Standards

Not clear or discussed yet
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Elements of Focus:

4.VELOCITY

Apply ISD framework on IoT project “OpenSenses” – Research Observations

: Speed Study

- Design & Build Process
+ Overall Progress Aim
+ Milestone Targets
+ Critical Build Velocity Points

Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet

- Operational Velocity
+ Overall system speed aim
+ System speed metrics
+ Critical system speed points

Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet

5.DURATION : Life-Cycle Study
- Total System Duration

Not clear or discussed yet

- System Parts Duration

Not clear or discussed yet

- Critical System Components

Not clear or discussed yet

6.ECONOMY : Financial Study
- Economical View-points
+ Investment Size
+ Total Cost of Ownership
+ Rate of Return
+ Ecological Economics

Set for the research part only. A Systems development budget not set or discussed.
Not clear or discussed yet
Not clear or discussed yet
Not clear or discussed yet
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