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Abstract

All organizations have an information system. An information system is all
that which contribute to the distribution within an organization, and without the
information system, the organization would not survive. Despite this, work with
changing or constructing information systems often end up with suboptimal
results. In recent scientific articles, and within profession-specific newspapers,
the figures on how many such project end up as failures range between 70 and
80 percent.

One source of problems with information systems work is deficiencies of
the governance of the change processes. Further, many methods applied to
information systems work are in fact software systems method and may thus be
suspected to miss important aspects of the information system.

In this thesis I have studied approaches for supporting the information systems
development process. These approaches have all included trying to find aspects
of the information system and trying to measure, simulate or in other ways
asses them in order to get an overview of where effort has to be added in the
development process.

The results of the thesis include recommendations surrounding the simulations
of such aspects, as well as a model where the aspects have been formulated
into criteria for information system evaluation. The CISE model (Criteria for
Information Systems Evaluation) is the main product, and it is available to use
as a checklist during information systems work.
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Sammanfattning

Alla organisationer har ett informationssystem. Ett informationsystem är allt
det som inom en organisation bidrar till att sprida information, och utan
informationssystemet skull organisationen inte överleva. Trots detta resulterar
arbete med att ändra och bygga informationssystem ofta i resultat som är sämre
än önskvärda. I senare vetenskapliga artiklar, och inom den professionella
pressen, nämns ofta siffror kring 70-80 procent i samband med hur ofta dessa
projekt misslyckas.

En källa till problem med informationssystemsarbete är brister i
styrningen av förändringsprocesserna. Vidare, många metoder som
används för informationssystemsarbete är egentligen metoder avsedda för
mjukvaruutveckling, och som därmed kan misstänkas missa viktiga aspekter
när de tillämpas på informationssystem.

I den här avhandlingen har jag studerat angreppssätt för att stödja
informationssystemsutvecklingsprocessen. Dessa angreppssätt satsar alla på
att hitta aspekter av informationsystem, och att försöka mäta, simulera eller
i andra former uppskatta aspekterna för att få en översikt över var mer kraft
behövs i utvecklingsprocessen.

Resultaten av avhandlingen inkluderar rekommendationer kring simulering av
sådana aspekter, samt en model där aspekterna formulerats som kriterier
för utvärdering av informationssystem. CISE-modellen (Criteria for Information
Systems Evaluation) är den främsta produkten av avhandlingen, och den går
att använda som en checkligsta under informationssystemsarbete.
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1. Introduction

Every existing organization has an information system. Without an information system,
there would not be an organization in the first place: The very fundament of an organization
is the ability of its constituent parts to communicate.

In this text, an information system is all that which, within an organization, contributes to the
production, distribution, storage and management of information. An information system
is thus not limited to a question of technology, since the humans acting in the information
system are a part of the information system, as opposed to a software system of which
they are users.

While the information system should not be limited to technology, it will certainly contain
such technology in the majority of cases. Indeed, in contemporary literature a distinction
between software systems development and information systems development is seldom
drawn. The subtle distinction would be that while information systems development is the
practice of arranging policies, roles, procedures and artifacts in such a manner that the
actors receive the required information in a timely and efficient manner, software systems
development is the practice of arranging technological artifacts, mainly software but also
hardware, to support the information system it works within.

Despite their importance, it is no secret that information systems sometimes end up being
suboptimal, in the sense that they cost too much, are not efficient enough, or simply fail in
the sense that they do not do what they are supposed to do. Recent contemporary literature
(Pan G et al, 2005) list fail rates as high as 70%, while a slightly older figure states that only
one in six information systems projects are categorized as "successful" (Yeo KT, 2002).
The failures of information systems have been a point of interest for long; see for example
(Lyytinen K, Hirschheim R, 1987). In later articles, the problems are still being stated (Sauer
C, 1994) (Yeo KT, 2002) (Pan G, 2005).

One of the important sources of failures in the information systems development process is
a lack of governance of the change process (Lyytinen K, Hirschheim R, 1987). This is a large
area in itself, but one part of it is the difficulty in knowing which issues to take into account
regarding the target information system. This has been recognized since quite some time
back, and for example DeLone & McLean have developed models for what constitutes IS
success (DeLone W, McLean E, 1992).

In my research within the field, I have found that most models and methods dealing with
the design and construction of information systems are normative and focus on software
development. That is, they recommend a standard way of performing the design and
construction for the arrangement of the technological aspects of information distribution.
The methods are in the best of cases based on previous experiences and best practices,
and it is assumed that if the method is applied correctly, the end result will be good.
However, and this is still from my experience, there seems to be a lack of predictive models
that also take into account the supra system of the software system, namely the overall
information system.
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So is this a problem? In some cases it may already be or become. As a general statement
I think it would not be controversial to claim that a sub-optimal information system is
undesirable. Tools that can help avoiding a sub-optimal design are desirable. As another
general statement, I think most practitioners will agree that information systems today, using
the available methods, do not turn out to be as good as one would have wished. If this is due
to lack of resources, flaws in said methods, or due to something unknown, I will leave largely
unanswered. What I will propose here is to add an extra layer to the existing information
systems development methods in order to improve the likelihood of a good outcome.

Figure 1: Tools in Relation to the Development Life Cycle

In Figure 1, we can see some phases in (or between) which, some new tools could be
applied. When a problematic situation is recognized, but not yet defined, tools for measuring
and evaluating an existing information system can help provide input to an iteration of the
systems development process (alongside what other tools the organization already uses to
manage and evaluate its information systems). When solutions to the perceived problem
are suggested, tools can be applied to predict what effect these solutions would have if
applied. When a new solution is constructed, new tools can be applied to evaluate the extent
to which this new solution will help solve the problem that was partially defined by the tools
applied before or during the analysis phase.

This leads us to the formal purpose of this thesis:

The purpose of this thesis is to support the information systems development process with
an expanded toolbox for facilitating the understanding of an information system during
information systems work.
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In practice this will be done by providing new tools for predicting, evaluating, measuring
and comparing information systems. This is described in more detail in later sections.

1.1. Product and Impact

The results section of this thesis takes the form of a list of conclusions from my experiences,
as well as a description of how my understanding of the field has gradually evolved.

The most concrete contribution of this thesis is a criteria model for evaluating and
comparing information systems, along with discussions about how to measure and predict
the outcomes of information systems development processes using different approaches.
Further, the thesis sheds light on a particular aspect of information systems development
and provides a problematization of it. This offers a language for discussing the problem and
a way of dealing with it.
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2. Positioning

In order to understand the results and the choices I have made later on, I will need to say a
few words about how I view different phenomena. This view in its turn is dependent on my
personal background. However, for readability reasons I have put the discussion about my
personal background and my personal development towards the end of the thesis, where I
analyze and discuss the results. This has felt more logical since the understanding of that
development has come as a consequence the work, and thus has a temporal belonging
towards the end. However, if the reader feels that it would be helpful to read a personal
background before continuing with reading about my views of different phenomena, I would
encourage him to flip to section 6.1. As for the following sections, I will here instead
concentrate on terms such as "information system" and what they mean.

What constitutes an information system is not as clear-cut as one might think. Even within
contemporary practice an information system can mean many different things. What makes
the issue even more complicated, is that the definition of information system presented
here, may not be common if it indeed can be found anywhere else in the literature (I have
not found a similar definition so far).

In the following I will present my view of how the various terms within the area relate to each
other. The discussion is in most parts a distillation of discussions pursued in the included
articles. The discussion about information has been prevalent in most of the articles, but
was focused on in Article 5. The discussion about the parts of the information system dates
as far back as Article 1, and has since been present in most of the articles. The definition of
an information system's various parts was also given in the summary section of my licentiate
thesis.

2.1. Information and Data

The first thing we need to be aware of is that "information" is not one thing. It is an abstraction
which differs significantly across different disciplines.

The next few sections will present a brief discussion on the concept from the viewpoint of
literature within information science and infology. The fields can be said to be somewhat
arbitrarily separated, as the current field can be said to be a conjunction of several. First we
need to recognize that information science is not really about information as such, but about
the communication of information. This has been pointed out in various summaries, such
as by Holmström and Koli (Holmström J, Koli T, 2002). Indeed, one of the most important
classical bases for information science is called "A mathematical theory of communication"
(Shannon C, 1948). Thus, it might not be entirely fruitful to discuss the information science
definition or view of information as such.

However, whether defined or not, a view of information is implicit within information science:
In my personal understanding of the field, data and information are perceived as equal.



7

For example, one definition of information is "Information is any input into the system that
initiates a change of state" (Vickery B, Vickery A, 1994). The authors of this definition do,
however, seem to be aware of the problem with the definition of information, as they later
in the text state that defining information as such would not be fruitful. Implicitly we could
understand information as a data transfer which has an effect on the receiver. This would
largely be a paraphrase of the above stated definition.

Several authors working within the information science paradigm, or close to it, approach
the problem in a similar way. Cole, for example, defines information as "that which modifies
knowledge structure" (Cole C, 1997a), although he himself sees this definition as not entirely
clear and that the distinction between information-as-a-process and information-as-a-thing
must be made clear (Cole C, 1997b).

This method of managing the information concept seems to be common within information
science literature. Information is not defined directly, rather it is specified what happens to
it, what it causes and how it is treated.

One version of this tries to define information as a process rather than as an entity. Losee,
for example, tries a discipline-independent definition, and defines information as thus:
"Information may be understood as the value attached or instantiated to a characteristic or
variable returned by a function or produced by a process" (Losee R, 1998).

The border between "information science" and "infology" might not be altogether obvious. In
this text I shall treat the latter as the "soft" variant concentrating on meaning, interpretation
and understanding, while the former is the hard variant concentrating on measurement,
quantity and communication channels.

The classifications of which category authors fall into may be considered somewhat
arbitrary. For example, Meadow and Yuan (Meadow C, Yuan W, 1997) discusses the
distinction between data and information, based mostly on information science literature,
but end up with definitions that I feel are infological. They end up in viewing information
as partly the function of the recipient; i.e that the interpretation process is a part of the
information as such.

One of the fundaments of infology is the infological equation "I = i(D,S,t)", that information
is the data (D) and the preknowledge (S) interpreted (i) during the time (t) (Langefors
B, 1970). The important consequences of this are that information is never objective.
Information only exists within a subject who has pre-knowledge, and who has performed an
interpretation process of a certain piece of data. The objective components of this equation
are data and time. Pre-knowledge, interpretation and information are subjective and largely
uncontrollable. We can also see a hard distinction between information and data. This view
could be said to largely coincide with, in Buckland's wording, "information-as-knowledge".
Buckland states that this is one of three major approaches for viewing information, the other
two being information-as- process and information-as-thing (Buckland M, 1991).

Stonier (Stonier T, 1996) discusses information as an entity or concept which is
interchangeable with entropy. In essence, the view is that information equals energy, which
performs a work to change the state of a system, which in its turn is an organization of
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existing entropy. To take it even further, Stonier claims that "order is considered to be a
manifestation of information" (Stonier T, 1996). A closer analysis of Stonier also reveals
that he treats "information" in largely the same way that infology treats "data", and what
infology would call "information" he calls "message".

So where does all this lead us? For the sake of the evaluation of information systems, I
must admit that I feel Langefors' definition appealing. It captures the fact that there needs to
be a human being involved for there to be information in the first place, something with fits
with my view of information systems. The infological equation specifies a set of important
variables to take into account when evaluating the information system: They make it clear
that humans are not interchangeable. As humans, our knowledge, pre-understanding and
capacity for interpreting new data makes us unique.

But let me stress the most important thing here, since it it will be important for the definition
of the information system: Without intelligent beings (i.e. humans) there is no such thing as
information. In this context the very definition of information presupposes that both the origin
and destination of information is a human being. While in other settings we might consider
other intelligent beings (or even artificial intelligence), when talking about organizations and
information systems, humans are required.

2.2. Information System and Related Terms

Now that we have some understanding of the term "information" we can begin to expand
it to its settings. In the following I will discuss the term "information system" and its related
terms. It should be noted that this discussion to a large extent is a consequence of the
treatment of the term "information" and that it is my view of how the terms should be treated.
I am aware that in contemporary literature, these terms are treated differently. However, to
pick one of the earlier definitions within the scandinavian school, we can quote Langefors'
(Langefors B, 1970) definition:

A system of information sets needed for decision and signalling in a larger system (of
which it is a subsystem) containing subsystems for collecting, storing, processing and
distributing of information sets.

Expanding on this, I will here make the following definition: an information system is all that
within an organization that contribute to the production, distribution and management of
information. An information system always exists within an organization. An organization is
a human activity system, a system of humans working in a purposeful activity (Checkland
P, Scholes J, 1990). The information system does not necessarily include any information
technology, but often do. Information technology is set of artifacts explicitly constructed for
the purpose of supporting production, distribution and management of information. These
artifacts may or may not be digital and computerized. They may or may not be in the form of
a software system. Lee, for example, takes printed text as is first example of may constitute
information technolgy, and continues to define an information system as "...an organization
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and an information technology that so enable each other and are so integrated into each
other that neither could usefully function or even exist without the other" (Lee A, 2003).

Figure 2: My View of Information System and Related Terms

In figure 2 we can see how the terms relate to each other on a span from technology to
organization. For readability reasons the areas have been separated on the Y axis, but in
reality they overlap each other.

Let me stress a few things here. First, an information system is not to be confused
with a software system. A software system is a technological artifact intended to support
the production, distribution and management of information and may as such be easily
confused with an information system. One of the key differences is that a software system
does not include the human being as a constituent part, while the information system does.
In the majority of cases, an information system contains a software system, but it can never
be a software system.

Second, an information system is not to be confused with technology. An information system
is, however, absolutely dependent on the presence of actors (see below), i.e. humans.
It is perfectly viable to imagine an information system without any software or hardware
whatsoever. You can not, however, have an information system without humans. This is
a distinction from most definitions of information systems, which percieve that system as
something which may be independent of humans.

An information system consists of concrete entities and abstract concepts. The major
concrete entities are actor (human), artifact, arena and information. The abstract concepts
are procedure, policy, role and channel.

The actor is a person acting a role in the information system. The actor is in practice always
a human being. The actor produces information and relays information as output. He also
accepts relayed information as input. The actor acts within a physical setting, the arena.
The arena is the physical limitations (walls, floor, etc) of an organization. The arena can
consist of several distributed physical settings in the case of geographically distributed
organizations.
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Within the arena there are artifacts with which the actor interacts. These are what constitute
the technological aspects of an information system. Examples of artifacts are phones,
computers and bulletin boards. Software systems belong in this category too.

The physical settings direct and limit the actor. An actor need to be close to an artifact in
order to interact with it. In the same way an actor need to be close to another actor in order
to interact, unless the interaction is mediated by an artifact (which the actors then need to
be in range of).

The interaction patterns between artifact and actor, and between actor and actor, constitute
information channels and procedures. An information channel is the route information takes
to flow between two destinations in an information system. The information channel can
consist of several jumps, so that information has to pass several actors and/or artifacts to
reach an end destination.

The actors act a role in the information system. The role determines what information
the actor is looking for and producing. The interaction of several actors acting their
roles constitute a procedure. The procedure is the rule (implicit or explicit) guiding
how information usually flows in the information system. The construction of roles and
procedures is guided by but not solely constructed from a policy. The policy is the general
guideline for how actors should behave and how information should be distributed.

2.3. Terms Related to Development

With the definition of information system clear in our mind, we can see that information
systems development cannot be limited to a question about programming or a question
about technology. It may certainly contain such aspects, but will not solely consist of them.
Instead the question for the development is how we can arrange policies, roles, procedures
and artifacts in such a manner that the actors receive the required information in a timely
and efficient manner. To quote Stolterman (Stolterman E, 1991) (using my translation from
Swedish):

To a large extent, design is thus about design of conceivable social situations, not
artifacts. Design is to suggest and decide a space for action.

While Stolterman discusses "design" in general, this fits with my view of "information
systems development", which by necessity will to a large extent consist of the design of
a social situation.

It is my belief that most practitioners within a Scandinavian tradition of systems development
would not find this definition very controversial. However, let us state or re-iterate a few
definitions for the record:

Design is the activity of constructing, arranging or re-arranging things in order to create a
situation which is in some sense new. The design is performed in the hope that the new
situation is better than an existing situation. The "newness" of the situation might consist
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of a now available artifact, as well as more abstract changes such as changed procedures
or policies.

Systems development is a generic term describing any kind of systems development,
ranging from organizational change to programming a single application. It is thus a rather
unfortunate term since using it does not state what activity we are actually engaging in. To
use the term one would have to amend it with on what systemic level one is working on. For
example, SSM would be a systems development method on an organizational level, while
Scrum would be a systems development method on a software level.

Information systems development is the practice of arranging policies, roles, procedures
and artifacts so that the actors receive the required information in a timely and efficient
manner. Information systems development will likely fail if a software systems development
method is applied to the information system as a whole, since such methods focus only on
one part of the system. Examples of systems development methods fitting for information
systems development would include SSM, as well as old and traditional "big specification"
approaches.

Software systems development is the practice of arranging technological artifacts, mainly
software but also hardware, to support the information system. Examples of appropriate
systems development methods are RUP, agile methods, classic object orientation, or
indeed pretty much everything that contemporary press calls "systems development".

Don't get me wrong. Software systems development methods are certainly necessary when
conducting information systems development, but only for those parts where they are
appropriate. For arranging the artifacts within the information system, they are vital.
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3. Critical Review of Literature

In my work with the governance of information systems development processes, and the
evaluation of information systems, I have approached the area using a gradually shifting
perspective. The question has remained the same however: How can we evaluate an
information system (or a model of an information system) in order to make intelligent
decisions about its future?

In the following I will review literature concerning these approaches, starting with an
overview of why it may be considered in the first place.

3.1. Information Systems and Failures

That information systems fail is nothing new, and attempts have been made to look closer at
what constitutes those failures and how they could be classified see for example (Lyytinen
K, Hirschheim R, 1987) (Sauer C, 1994) (Yeo KT, 2002). Chris Sauer has even named a
subsection in his book on the topic, "The Inevitability of Failures", under which he concludes
that there are projects which are doomed to failure and that this should be recognized
(Sauer C, 1994). While Sauer is more interested in project organizations and failures
stemming more from a lack of resources than from bad application of methodology or from
bad designs, he states that:

If methodologies are more inclined these days to stop short of offering guarantees
of success, they still rarely acknowledge that there are cases for which their patent
remedies are ineffective.

To me this is a good illustration of the problem with normative methodology: They state "do
this and it will end up right", but rarely offer any way to evaluate whether this will actually
happen, and rarely acknowledge that there are situations where the method will not work.

Another recognized problem within contemporary systems development practice, is that
projects tend to focus on technological issues rather than organizational ones (Doherty NF,
King M, 1998).

Yeo has made an overview of the results of finished information systems development
projects, where he lists the outcomes: Successful (16.2%), Challenged (57.7%), Impaired
(31.1%) (Yeo KT, 2002). That only one in six information systems development projects can
be characterized as "successful" (and this only counting projects that were actually finished)
could be considered rather depressing. Following contemporary business and computer
systems press, I must unfortunately say that my impression is that the numbers do not look
like they are improving. In any case, Yeo is interesting in this context, since he adopts a
view of information systems close to the one I have specified above.

That said, we still do not know what constitutes the failure as such, i.e what is this thing we
call a failure? Several attempts have been made to construct a classification of failures.
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An early example is Lyytinen and Hirschheim (Lyytinen K, Hirschheim R, 1987). In their
categorization, failures come in four forms: 1) Objectives not met, 2) Budget constraints
broken 3) System not used, and 4) System not solving the problems it intended to solve
(expectation failure). While this categorization was made at a time when "big specification"
approaches were the norm, it is my belief that nothing much is changed by the agile
approaches: these are still things that fail in systems development.

Sauer (Sauer C, 1994) acknowledges the Lyytinen/Hirschheim categorization, but partly
disagrees with it. In particular he thinks that the "expectation failure" category needs further
defining since it can be caused by many different things. In the end Sauer makes a very
conservative definition of failure, where he basically says that a failure is when a system
does not do what people desire it to do and the systems developer gives up trying to fix the
experienced problems. All in all, Sauer seems to try to move the focus from failures per se,
towards a discussion on the project organization driving the systems development.

Yeo (Yeo KT, 2002) tries to expand the thinking of Lyytinen and Hirschheim. In his view, ISD
planning can be divided into process-driven development, context-driven development and
content-driven development. As a consequence of this, failures can be divided into these
categories and investigated further. While describing the whole model here is beyond the
point, two entries in his "top 5 failure factors" table are interesting: "ambiguous business
needs and unclear vision" and "incomplete specifications when project started".

Pan (Pan G, 2005) has divided failures into "failures" and "abandonment", the latter being
where the developers give up. He notes that it is likely that many of these failures are
never heard of, since the developers and their respective companies obviously are not
keen on mentioning such project. Pan (Pan G et al, 2005) has further studied failures in
the implementation phase. In this article he cites recent sources and puts the failure rate
of projects around 70%.

In my experience, when looking through literature concerning information systems failures,
most authors seem to find it hard to get around from the Lyytinen/Hirschheim classification.
All the articles above seem to build on either the early works by Lyytinen/Hirschheim, or
the later work by Lyytinen.

It should here also be noted that Lyytinen/Hirshheim rely on earlier work. An amusing
historical look backwards is a list Langefors (Langefors B, 1970) made of common faults
in systems design. Here he lists things such as "Cost, time and resource consumption is
mostly severely underestimated", and "subsystems and goals ... are not clearly defined".
The difference from the above sources is that at the time Langefors wrote this list, the theory
surrounding what constituted information systems and information systems design was in
the process of being formulated (indeed in the same book). However, since this list was
written in early/mid 1960's, we may have reason to become even more depressed regarding
the progress within the field.
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3.2. Simulations

As said, there are of course many reasons why information systems development
processes might fail. On of those would be the lack of good ways of comparing options or
decide which information systems solution is the preferrable. In order to get such a basis
for decision, it was my idea that it should be possible to build simulations of the tentative
and existing information system. This would provide a good overview to use when making
decisions.

The following sections introduces the term "Simulation" in order to make explicit what is
meant by the term in this context.

3.2.1. Background
Before beginning a discussion about simulation technologies in more detail, we need to
clarify what is meant by the term "simulation" in this context. Here, a simulation is the
animation of a model representing a phenomenon. We have a phenomenon, whether
existing or intended, we try to represent it by some means depending on our view of
philosophy of science, and we use the representation to study how the model (our view
of the phenomenon) reacts to various inputs such as parameter changes or modifications
over time.

The purpose of a simulation is (usually) to predict and study an object reality by representing
it through an operational reduction. I think most simulationists would be willing to accept
this definition of purpose, since it does not enter the debate on validation approaches or
how the reduction should be made.

However, I wish to add that an additional purpose of a simulation is to study an object
system by proxy. Often, such as in the case of organization-level information systems, the
object system is too complex to study directly. In these circumstances, one of the few viable
options available is to study the object reality indirectly by using a model as a proxy.

Goldspink (Goldspink C, 2002) reviews some existing theory building concerning the
purpose of simulations. He points out important keywords from the social simulation
field, phrases like "prediction", "performance", "proof", "discovery", "assess stability" and
"construct working systems". All these fits well with what we are after, but I shall here restrict
the denotation of the term to the following: The purpose of a simulation is to predict and
study a system in focus by representing it through an operational reduction.

In my case, the purpose of using a simulation is not to replace existing methods and
approaches. The purpose is to elaborate and complement them, in order to paint a
more vivid picture of the studied system. This may be slightly different from what other
researcher will generally use simulations for. Within the social sciences the simulation is
often redundant in the good sense, in the sense that it widens an already existing set of
beliefs and models. Or, to quote Marney and Tarbert (Marney JP, Tarbert FE, 2000):
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Thus, the purpose of simulation is not to replace traditional social science. Rather,
ideally, it is to take the study of behavior in new directions, which have not previously
been possible and to contribute to the relaxation of traditional obstacles to progress
in the behavioral sciences.

Traditionally, the social simulations field has been focused on "neat" equilibrium models
formulated as equations. These have been aimed more at capturing a whole within
the frame of one formula rather than trying to model empirically observed phenomena.
However, during the 90's a shift in aim has occurred, and simulationists have become more
interested in being empirically close to real-world phenomena. (Pyka A, 2001)

Agent-technologies have been developed since as early as the 1970's, but it was not until
the end of the 1990's that the field has exploded and started to show a promising future.
(Sen s, 1997)

Correlated to this, another shift took place. Previously, most agent-based simulations were
built using simple building blocks. It can be said that rather than being an approach of
its own, agent technology was influencing by game theory and cellular automata. Thus,
when agent technologies started to become popular during the 90's, most simulations were
hybrids with an agent twist.

Since the turn of the century, agent technology has increasingly been able to stand on its
own feet. Terms like "intelligent agents" have increasingly started to denote encapsulated
intelligent objects, rather than abstractions.

3.2.2. Simulations, Models and Simulation Models
If we agree that a simulation is the animation of a model, the question about available
models becomes interesting. Flood and Carson (Flood R, Carson E, 1993) present a
list of basic model families: The sentential, diagrammatical, mathematical, statistical and
logical model families. While we might not agree with all their conclusions about the
appropriateness of each (as an example, they seem to have a bias in favor of strictly
mathematical models), this seems like a good summary. However, the problem with this
list is that it might lead us to believe that a model must be any one of these, something I
do not necessarily agree with.

No matter which model we choose, we will most likely end up answering how well it models
reality? Most simulation approaches will have a rather abstract connection to any perceived
object world. If we accept this, can we still be said to have simulated the reality we are
studying? We will here rely on the words on Schmidt (Schmidt B, 2000), where he discusses
the differences between a model and a replica:

A model of the human being is always fundamentally different from the human being
himself. Nevertheless, a model is useful and meaningful. Many critics [...] confuse
a model with a replica and because of this become engaged in incomprehensible
polemics.
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3.2.3. Simulations and Validation
Law and Kelton (Law A, Kelton D, 2000) points out that the validity of a simulation model is
related to what purpose the study has. There is no such thing as a valid model in an absolute
sense. Further, they point out that there is a distinct difference between a valid model and a
credible model. A credible model is a model that the owner of the project accepts as good.
A valid model is a model that is a good approximation of the object reality. These two are
not necessarily related.

Byrne (Byrne D, 1997) points out that a it is a mistake to treat a simulation as an equivalent
to an experiment. The validity in the positivist experiment sense should not be applied to
(social) simulations, since the simulation out of necessity works through analogues rather
than similes.

Also, the completely "correct" model of a social system is an illusion. As noted by Schmidt
(Schmidt B, 2000), the human behavior is not possible to replicate in the foreseeable future,
and that a good model (as opposed to a replica) need not to conform to reality in all respects.

This said it is not entirely uncommon to argue that in order to ensure validity in computer
models, those models must be simple and not contain too many variables. Such a model
is, however, too reductionist to be usable in social science. There is a trade-off between
validity and relevance, between reduction and complexity.

No matter which balance between complexity and reduction being chosen, a reduction must
be done. All models are reductions of reality. The problem is how the reduction should be
made, not if it should be done. However, when reducing reality, care must be taken to treat
important entities fairly. The reducer need to know both which entities to represent, and
how to name these. We can perceive two systems: The object system and the simulation
system. In this context the object system, too, is an abstraction since what we are dealing
with is our understanding of the object system. We must be aware that in order to discuss
the object system (and obviously the simulation system) we need a view of what exists (the
ontology) and how we describe it (the taxonomy). While such definitions exist both for the
perceived reality and the simulation reality, they do currently not easily map onto each other:
particularly in relation to information systems, there is a gap between what we can see
and describe in the perceived reality and what we can see and describe in the simulation
reality. In order to make sense and create value out of the simulation, the ontologies and
taxonomies for both realities need be made explicit and mappable onto each other: The
relation between the two realities must be clear.

Again, in relation to information systems and partly caused by the uncertainty of the
definition of the object system, the management of communication channels within the
information system is a source of error. In an ontology based solely on a formal organization
structure, many of the most important actor-actor links will simply not be visible. On the
other hand, in an ontology based solely on ad-hoc communication channels, such as agent
meeting agent in a corridor on the way to the coffee machine, the formal channels will likely
be treated unfairly. A detailed world view description is necessary, and it must contain a
viable integration between formal and informal information channels. As noted by Carley
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et al (Carley M et al, 1998), the impact of design perspective in the organizational design
versus locally acting agent span, can be quite significant.

3.3. The Evaluation of Information Systems

Having worked with simulation, the step towards using other approaches to measure,
evaluate or generally assess information systems is not that large. In the following I will
outline some of these other approaches.

The measurement of information systems is an old discipline, although the definition of what
constitutes both information and information system has varied significantly. Quantitative
approaches for the measurement dates back at least as long as to Shannon's models for
measurements of communications (Shannon C, 1948).

However, before continuing this discussion, we must make a clear distinction between
data and information. Data is easily measurable, and has been so at least since it was
operationalized by Shannon (Shannon C, 1948). However, and unfortunately, this definition
was made within something called "information science", which has led to much confusion.
Shannon never measured information. He measured data. Information implies abstract
concepts distributed via the bits and bytes in the data transfer, it is not equal to the data
transfer.

Quantitative data-oriented measurement approaches certainly play a part in the evaluation
of information system. However, they must be considered rather peripheral to the overall
evaluation. The following sections mainly concerns models for evaluating information
systems, not data or communications systems.

Anyhow, there are several models for evaluating information systems, and a plenitude of
models for evaluating specific details within an IS. Searching on Google's aggregated article
database (http://scholar.google.com), one can see that most of the evaluation literature falls
within one of these categories:

* Economical benefit, such as return on investment
* Usability measurements, mainly of interfaces
* Measurements of user and/or customer satisfaction

Literature also exists, but to a significantly lesser degree, for measuring organizational
benefits, systems quality and performance (for performance, to a lesser degree on
an organizational level: there is considerable literature concerning performance on a
technology level).

3.3.1. Models Specifically for Evaluating IS in General
One of the most cited models for measuring information systems success is the DeLone
and McLean Information Systems Success Model (DeLone W, McLean E, 1992) (Delone
W, McLean E, 2003), from now on referred to as DMSM.



18

The DMSM has a basic model consisting of six categories of IS success:

* Systems quality
* Information quality
* Use
* User satisfaction
* Individual impact
* Organizational impact

The model was later extended by several researchers, for example by Seddon (Seddon P,
1997) who concluded, among other things, that the meaning of "use" in DMSM needed to
be better defined. Further, the validity of the DMSM (and of Seddon's extension) has been
empirically studied (Rai A et al, 2002), and it was found that both DMSM and Seddon's
extension were supported. Despite this the DMSM has been criticized for remaining largely
untested empirically more than a decade after its conception (Iivari J, 2005). Still, the few
empirical tests that have been conducted have indicated usefulness rather than hinting
against it.

Now, it should be noticed that there are also operationalizations of the DMSM. One such
operationalization is the SERVQUAL instrument, which has been shown to be a functional
tool for measuring service quality in IS (Pitt L et al, 1995). SERVQUAL is however limited
to service quality. Further I remain unconvinced that a questionnaire consisting of 45 likert
scales, divided into preferences and perceptions, is a good measure of the quality of a
whole IS.

Torkzadeh and Doll (Torkzadeh G, Doll W, 1999) performed a study on perceived impacts
of information technology on work life, in which a set of four criteria were derived from
a larger set of questions. These criteria were task productivity, task innovation, customer
satisfaction and management control. It should be noted that the tool only measured the
opinions about whether a technological artifact had had a good impact, there were no factual
measurements.

Martinsons et al (Martinsons M et al, 1999) developed a balanced score card approach
to measuring a set of criteria from four different points of view. These points of views are
business value, user orientation, internal process and future readiness. Each perspective
contains a set of criteria. For example does the future readiness perspective contain criteria
like age distribution of IS staff, and expertise with specific emerging technologies. Especially
the business value view complements the criteria fetched from the previously mentioned
models. Jiang and Klein (Jiang J, Klein G, 1999) studied evaluation of IS from the users'
point of view and summarized earlier literature into four categories of criteria: Performance
issues, decision quality, personal impact and organizational impact. While the study focused
on measuring how important users felt these criteria were, the list of criteria is interesting
in itself because of its concreteness, and the criteria have found their way into the model
below.

Irani (Irani Z, 2002) categorized a number of semi-operationalized criteria. He has first
divided the criteria into three major categories: strategic, tactical and operational benefits,
and then examined the criteria from what kind of benefit they bring. He saw that benefits
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can be financial, non-financial and intangible. It should be noted that his article, however,
focused on measuring whether an investment is justifiable. Still, his categorization is
interesting since it lists some 30 criteria which can be reformulated to fit into the current
context.

Auvo Finne (Finne A, 2005) has reviewed, summarized and extended a number of (mainly
normative) selected documents concerning IS quality. He has produced a model for
ensuring and evaluating IS quality.

3.3.2. International Standards
There are several ISO standards which may be relevant to this discussion. The most
relevant ones are those dealing with software development and with quality management.
There are likely also other ISO standards concerning quality and organizations, which
could be interesting although peripheral. I have not considered these, as the point of this
discussion is to find criteria relating specifically to the information system. ISO 9000 (ISO
9000, 2005) deals with the management of quality and defines terms and fundamentals
within the field. It does not specifically deal with the quality of IS, but rather with quality
management systems in general, or in other words the construction of a system to manage
quality within an organization. However, several terms are directly transferable as criteria.
Of particular interest are the term definitions concerning quality, management, organization,
and documentation.

ISO 9126 consists of four parts all describing aspects of quality and software engineering.
ISO 9126-1 (ISO 9126-1, 2003) describe an overall quality model for the product quality of
software products. Terms such as functionality and maintainability are defined here. ISO
9126-2 (ISO 9126-2, 2004) describes external quality metrics, or in other words how well a
certain piece of software behaves within the system it is placed. ISO 9126-3 (ISO 9126-3,
2004) describes internal quality metrics, or in other words how well a piece of software
behaves when studied as such. ISO 9126-4 (ISO 9126, 2004) describes how the models
and the metrics can be used in quality work. All four parts of the ISO 9126 series use the
same terms for describing quality.

While it is not immediately obvious that the ISO standards are widely spread, they never
the less contain important aspects of what makes up good practice, making it important to
incorporate them in a more encompassing model.

3.3.3. Information and Record Quality
One of the problems with describing a general way for evaluating information systems is
that the information within the system looks very different from case to case. I will thus
make a slight distinction between system and information here: the information system is
something that operates on and with information.

The term "information quality" is by necessity rather subjective, or at least dependent
on situation: it is more a question of what is applicable in a certain setting than what is
objectively good.
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However, some aspects of information quality can be said to be generally applicable. One
such aspect is that of archivability. It has been noted (Borglund E, 2006) that in order to
retain quality in the transformation of information into records, the records have to retain
certain properties, such as authenticity and reliability. It is my view that these criteria can
as well be applied to the source material (the information). Borglund (Borglund E, 2005)
further lists sixteen criteria for attaining trustworthiness in e-records. Borglund and Öberg
(Borglund E, Öberg LM, 2006) further put forward the notion that one of the main purposes
of records is to have "evidence".

3.3.4. Models for Evaluating Details in an IS
There are also several models for evaluating parts of an information system (that is, parts
of what in my definition constitutes an information system).

One major category of evaluation details is the area of Human-Computer Interaction (HCI)
literature and usability measurements. These measure and study the user interaction with
the interface to the technology. One of the most influential books within this field was
written by Nielsen (Nielssen J, 1993), in which he defined usability as a set of measurable
factors consisting of "learnability", "efficiency", "memorability", "error" (or freedom from) and
"satisfaction". Here he also stressed the important issue that usability not being something
absolute: Rather it is something highly dependent on what user we are talking about, and
in which context.

While Nielsen's recommendations and definitions were primarily written to fit graphical user
interfaces, I find that the aspects are generalizable enough to be useful to be applied to
information systems as a whole.

Another significant part of the available literature deals with software quality. Apart from
the normative literature on software development, the ISO 9126-x standards documents
provide a comprehensive framework for software evaluation. These documents are recent
and can be assumed to be built on the best concurrent practice.

In the non-technical literature on IS quality, economics plays a significant part. Hitt and
Brynjolfsson (Hitt L, Brynjolfsson E, 1996) defines three basic criteria for evaluating whether
information technology is valuable. According to them, the three major criteria would be
productivity, business profitability, and consumer surplus. While the major point of the
referenced article is to decide whether IT investments are good for all three of these criteria
(they find that they are not), the article is still interesting from the point of view of their
definitions of important criteria.

Another non-technical area concerning IS, is that of IS use. I am aware of this area, but
have elected to exclude it despite its prominence in literature. The reasoning behind this is
that use is a product of system quality, not the other way around. Thus it would be counter-
intuitive to measure use as an independent variable for determining quality. This decision
might be changed eventually, but for now IS use will not be taken into account.

Patricia Rogers (Rogers P, 2007) has compiled a list of evaluation literature with
implications for action research. Several sections in this bibliography describe meta-
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evaluation frameworks for things such as organizations and policies. Describing these
meta-evaluation frameworks here is however beyond the scope of this thesis.

3.3.5. Normative Literature
Since most of the literature within the IS field is normative (or at least this is my impression),
there is no lack of sources to search among. The question rather becomes what to choose
and what is relevant for a list of evaluational criteria. In the end I have limited this section to a
few major (if a bit dated) systems model and a contemporary collection of design guidelines.

Within the systems field, there is an implicit language which is more or less agreed upon.
This language contains terms such as system, system boundary, feedback loops and
viability. Many of these terms can be converted into points of observation when studying
an information system. One example of a book which summarizes these terms is the one
written by Flood and Carson (Flood R, Carson E, 1993).

Further within the systems field, there are classical systems models, or models for analyzing
systems. Of these, I will here mention the Viable Systems Model, VSM (Espejo R, Harnden
R, 1989), and the Living Systems Model (Miller JG, 1978). Both of these provide good
models for analyzing systems to see if something is lacking. They both list functions which
are thought necessary for a viable system.

Another normative approach which is important in contemporary practice is the Soft
Systems Methodology, SSM (Checkland P, Scholes J, 1997). SSM is frequently referenced
in contemporary organizations- and systems development literature. For the sake of
evaluation, SSM provides a good basis for identifying stakeholders and cultural problems.

There are of course other systems models available. I am aware of these. Of particular
note might be critical systems and multi-modal systems approaches. At this point in time
I do not however think they would contribute to the end model, but I'm open for later
inclusion. Finally, to return to current time, I have opted to include a contemporary reference
framework, The Information Technology Infrastructure Library, ITIL (ITIL, 2007). According
to its own words, ITIL is a collection of best contemporary practices for managing an IT
operation. This collection or library provides a good base for checking model conformance
with contemporary practices.
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4. Method

In the following I will outline the process of the approaching the overall problem, the studies
conducted, and the articles they lead to.

4.1. A General Overview of the Process

Throughout the process, a major question has been how we can evaluate an information
system, or model of an information system. However the focus on how this should be done
has continuously shifted.

Figure 3: Perspective Shift

Early on in the process the focus was on measuring information systems so that they
could be simulated. From that point and onwards, the focus has however shifted towards
assessing information systems so that their qualities (or lack thereof) can be discussed. It
should be noted that this is no either/or focus shift. Rather, the studies and analysis of the
results have moved towards the latter even when the fundamental object of the study has
looked like it would belong to the former. Thus, the reader should not be surprised when a
simulation study produces results that are intended to be used for a qualitative assessment
and as a foundation for discussion rather than as a hard measurement study.
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Following the shift in perspective, the terms have also gradually shifted. In the beginning,
the phenomena in focus were given names like "variable", "object" and "automata". Passing
through a few transformations, the very same phenomena are in the later studies named
"criterion", "artifact" and "human".

4.2. Conducted Studies

The articles have different empirical and theoretical foundations.

Study Focus Article

A1 (2002)

A2 (2004)

S1 Simulations at SwNDC

A3 (2005)

S3 Comparison of simulation technologies A4 (2009)

S2 Definition of information A5 (2005)

S4 Categorization of ISD articles A6 (2008)

A7 (2007)S5 Criteria for information systems

A8 (2010)

4.2.1. Simulations at SwNDC (S1)
This study was the first study conducted for this thesis, and it was conducted over a longer
period of time (see the table above) at the Swedish National Defense College (SwNDC)
in Stockholm. It was constructed with the explicit goal of constructing a simulation of
two different information systems in order to decide which was "best". In practice, this
study was actually two projects following each other, where the first was initially called
"CASID" (Cellular Automata Simulation of Information Distribution) but towards the end
was renamed AMSIDO-1 (Agent-based Micro-world Simulation of Information Distribution
in Organizations). The second part was called AMSIDO-2.

The overall background was that SwNDC had a project called ROLF2010 (Rörlig Operativ
Lednings Funktion) (Sundin C, Friman H, 2000) with the goal to construct a mobile
command center based on modern technology. When we came into the picture, an
experimental command center had been built in a lab, and SwNDC was interested in finding
out if it was really more efficient than the traditional way of managing things.

The research questions were:

* How can we compare two information systems?
* How can we build a simulation of an information system?
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* Is the new command center more efficient than the old one?

Apart from the articles referred to below, the study resulted in several reports: The main
report from the first phase (Egonsdotter G, Palmius J, 2002), and the reports from the
second phase divided into the main report (Egonsdotter G, Palmius J, Öberg LM, 2002)
validation and data collection (Egonsdotter G, Öberg LM, 2002) models (Palmius J, 2002)
and social simulations (Egonsdotter G, 2002).

4.2.2. Definition of Information (S2)
The "information" study was a purely theoretical project consisting of a literature summary
for defining the term "information" within the context of simulations of information systems.
The background was that, during the SwNDC project, we had run into problems trying to
represent information without actually replicating its contents. This had been shown to be a
significant contribution to the complexity of the simulation: The contents of the information
would by necessity govern the behavior of the actors in the simulation, but to take into
account the actual contents of the information in the system we tried to model would have
been impossible.

The research questions were:

* What is information?
* How can information be operationalized for a simulation?

4.2.3. Comparison of Simulation Technologies (S3)
The simulation technologies study was a short project set up to evaluate different simulation
technologies. The project members were myself and Thomas Persson-Slumpi, both funded
by our respective PhD student salaries. There were no external stakeholders. In practice
the study consisted of choosing one situation, studying it to obtain good base data, and
then trying to simulate that single situation in various modern simulation approaches.
The situation chosen was a coffee room at the university, and the simulation approaches
included were ABM (Agent Based Modeling), SD (Systems Dynamics) and CA (Cellular
Automata).

The research questions were:

* Which simulation approach is the best to choose for our type of simulation?
* What are the consequences for our understanding of the situation depending on

which simulation approach we use?

4.2.4. Categorization of ISD Articles (S4)
The "articles" study was a survey of all relevant journals within the field. The idea was to
find the journals most relevant for information systems development and then read them
thoroughly to collect statistics on the focus the journal articles had. The background for this
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was that I wanted to demonstrate that there was a lack of methods focusing on pre-hoc
evaluation, or at least evaluation during, the information systems development process.

It should be noted however that a mistake was done during this project and in the following
article: I had not yet realized the distinction between information systems development and
software systems development. Thus the statistics did not make such a distinction.

The research questions were:

* What journals are relevant for information systems development? (not really a
research question, but important nevertheless)

* What focus do articles published in these journals have concerning normativity and
position in time?

4.2.5. Criteria for Information Systems (S5)
The "criteria" study was an effort to make an operational model for the comparison of
information systems. Initially, the model was intended to provide quantitative variables that
could be measured and put into a simulation model, but later on the model was extended
to include all relevant aspects that were found whether they were objectively measurable
or not. This study finalized my shift towards a "softer" way of viewing the question in focus.

From the start, the study was purely theoretical, a summary of existing literature. However,
it was later enhanced with empirical input from experts within the field.

The research questions were:

* What are the aspects to take into account when evaluating an information system?
* How can these aspects be made objectively measurable? (this question was left

unanswered)

4.3. Articles

The following sections summarizes the articles and their relation to the overall work. Articles
are numbered in the order which they should be read, which is not necessarily the same
order in which they were written.

4.3.1. Relation between the Articles and the Overall
Question
The articles roughly fall into two categories: One studying simulations of information
systems, and one studying the evaluation and definition of information systems. While the
simulation category is dependent on the existence of the definition category, the opposite
is not necessarily true.
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Figure 4: Relation Between the Articles and the Studied Phenomenon

The relationship between the articles, and the process leading to their production are
described in more detail above. However, as a short summary we can see above that
Articles 1-3 build on each other as a logical sequence, as do Articles 7 and 8. The cloud in
the middle is the overall question common for all articles.

4.3.2. Article 1: A Simulation Case
In A Base for Simulating Information Distribution (Egonsdotter G, Palmius J, 2002), a
first overview of the problem with simulating information systems was presented. The
problems surrounding simulations were seen as technical, mainly a problem regarding
implementation. The majority of the article describe the main entities thought important in
an information system, and pursues a discussion on how they can be operationalized.

Main conclusion: That there should be no technical reasons why a simulation should not
be possible to build. Optimism for the work.

Contribution to thesis: The basic entities described in the article have remained throughout
the later work. The basic problem - the comparison of two information systems - is
presented, although it is not emphasized as such.

4.3.3. Article 2: Problems with Simulation
In Simulations of Highly Complex Social Systems as a Tool for Designing Information
Systems (Palmius J, Egonsdotter G, Asproth V, 2003), some fundamental problems
concerning the use of simulations were introduced. The subject was no longer seen
as so straight-forward as in the first article. A number of issues with the application of
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simulation were listed, together with how those issued had forced a change of perspective.
The problem with reducing a very complex phenomenon (information system) into a
rather simplistic description (a simulation) was discussed. Also, article 2 summarized and
presented most of the tangible empirical results from the SwNDC project.

Main conclusion: representation of a complex phenomenon requires management of the
inherent complexity in order for the representation to be useful. A deeper systems hierarchy
was suggested as a means of managing the complexity. A cellular automata approach is
not applicable. In general a rather pessimistic view of the usefulness of simulations was
presented.

Contribution to thesis: The discussion about complexity management has remained in later
work, even though some of the solutions presented in the article has changed. The concept
of "agent-hood" was adopted while earlier information distribution was seen as a mechanical
process. Multi-agent systems were suggested as a way forward.

4.3.4. Article 3: Concepts for Making Simulation Viable
In A Theoretical Base for High-level Simulation of Organisational Information Systems
(Palmius J, 2005b) the problems listed in the previous article were discussed more in depth.
The discussion was aimed at trying to solve these problems by examining the fundamental
scientific problems involved in representing human activity systems, and by introducing
the concept of isomorphism into simulation modeling. All in all, this article became the
most philosophical one introduced in the process. While still remaining skeptical, the article
pointed towards a possible way forward.

Main conclusion: through isomorphism, object orientation and templating, it should be at
least theoretically possible to build a simulation able to capture the inherent complexity of
a human activity system.

Contribution to thesis: while the term "isomorphism" has later been rejected because it has
too many different meanings in different fields, the basic discussion is still sound. With the
use of this article it is reasonable to assume that an agent-oriented simulation could be
used to represent an information system. Much of this article is what will show up as results
concerning simulations.

4.3.5. Article 4: Simulation Technologies
In A Comparison of Three Approaches to Model Human Behavior (Palmius J, Persson-
Slumpi T, 2010a) three different simulation approaches were compared, applied to a social
phenomenon. One pet idea which has remained through the process has been that ad-hoc
human interaction is a key componend of information distribution in most organizations. In
this article, a coffee room was modeled and the consequences of the different modeling
approaches were described. Key strengths and weaknesses with the different approaches
were described.
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Main conclusion: a agent-based simulation is best for describing a phenomenon of this kind,
although at least a systems dynamics perspective could be viable too. The available viable
approaches have been evaluated.

Contribution to thesis: while previously it had been assumed that an agent-based approach
would be appropriate, this article investigated the issue more in detail and compared it with
two other major possible approached used in social simulations.

4.3.6. Article 5: Information Definition
In Defining the "Information" part of "Information System" - A Base for Simulation (Palmius J,
2005c) the concept of "information" was discussed thoroughly: how it could be defined, how
it had been defined earlier, and how it could be modeled in the setting of a simulation. On top
of this the concept was positioned in relation to other important terms such as "information
system", "data", "message" and so on.

Main conclusion: The end product of this article was a basic model of the "information"
entity. This model made it practically feasible to represent the entity in a simulation.

Contribution to thesis: While the information model has largely become deprecated in the
later work, this article is important because of its list of definitions of key concepts, mainly
information and information system. These definitions are still valid even though the end
operationalization is less useful.

4.3.7. Article 6: Articles Categorized
In Temporal Perspectives on Systems Development (Palmius J, 2008) a number of key
journals within the field were investigated to see the extent to which they published papers
about different ways to ensure IS quality. The study classified articles into nine different
categories based on two axes: one from normative to evaluational and one from before
development to after development.

Main conclusion: The main focus on published articles is on normative statements before
systems development, and evaluational statements after the process.

Contribution to thesis: The basic model is sound: Categorizing articles according to
the two axes is viable. However, a major problem discovered with the article was that
"information systems development" in an organizational sense and "software development"
in a programming sense, were mixed without further comment.

4.3.8. Article 7: Criteria for Evaluating Information Systems
In Criteria for measuring and comparing information systems (Palmius J, 2007) the
problem with comparing two information systems (or sketches of information systems) was
discussed more in detail. The previously listed variables in the simulation studies were
supplemented with as many aspects of an information system as possible, not limiting the
discussion to only those that could easily be put into a quantitative model. For the format,
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the discussion now concerned how to specify the qualities of an information system in such
a format that they could become comparable. The article consisted mostly of a list of criteria
(properties) which could be said to describe the quality of an information system. The criteria
were (mainly) based on existing literature. Several prior models were discussed, but it was
also noted that all these models describe details of an information system, and that there
was no all-compassing model for describing the whole of an information system.

Main conclusion: The conclusion of this article was a summarized criteria model combining
several different existing criteria models.

Contribution to thesis: One important statement is that there is no known model for
describing information systems as a whole, and that it thus becomes interesting to make
such a model. A basis for such a model was presented. These criteria underlie later
discussions about comparisons of information systems. The criteria remain, but have been
extended.

4.3.9. Article 8: Evaluation of the Criteria Model
In Criteria for Supporting Change in Information Systems (Palmius J, 2010b) the model from
article 7 was in part validated through an expert seminar, where experts from different areas
were asked to list criteria without having seen the existing model. Through the seminar, it
was shown that a majority of the criteria listed from literature were also mentioned by the
experts. Further, the experts mentioned a set of not previously mentioned criteria, which
were appended to the existing model.

Main conclusion: The criteria model has support both in literature and some support from
expert practitioners. The criteria from literature have some support from practice.

Contribution to thesis: In some sense, this is the main finding of the thesis, the end product.
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5. Results

As stated in the introduction, the results take the form of conclusions I have reached when
working with the question about how to evaluate and predict information systems, primarily
during development. My understanding of the field has gradually evolved to include a wider
variety of aspects, marking a slow shift from a heavily reduced simulation model to an
enriched criteria model.

To make it easier to read, the results section has been divided into two major parts, one
about simulation and one about criteria, with a smaller section between them describing
the shift.

5.1. Understanding the Simulation of Information
Systems

We will start with the experiences related to my attempts to answer the overall question
using simulation approaches. While I later on gradually supplemented the basic model with
things which are not easily put in a simulation model, the basics of the simulation model
still make up the core of what later became the end result of this thesis.

5.1.1. Some Results from the work with Simulation
The majority of my early work took place at, or with some relation to, the Swedish National
Defense College in Stockholm. To illustrate the point of the study conducted there, I have
opted to include in verbatim here the description of the intended case scenario, as I think
it is a good illustration of what the early ideas were. The quote is taken from my licentiate
thesis. (Palmius J, 2005a)

The organization is disaster management headquarter. It is contained in a building in a
larger city. The purpose of the organization is to co-ordinate interventions in the event
of larger disasters, such as fires, floodings or disease outbreaks. In the organization,
representatives of police, firefighters, military and city government work together to
direct the work forces. Each section has one leading representative, and several
command members. For example, the police staff has one leading representative in
the cross-section committee, four phone operators, one materiel's co-ordinator and
one press officer.

The building containing the headquarters is a two-level office building, where each
section has a few rooms available as private offices. There are conference rooms, a
cafeteria, a lunchroom, toilets and a reception desk. There is a central command room
where section representatives meet and discuss the situation. This room contains
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aggregated situation awareness information, such as maps, order logs and decision
logs.

Before beginning the development, the system is completely analog. Co-ordination
takes place through hand-written documents, information about ground units are
submitted to the organization via phone calls. Situation awareness is handled through
pen marks and needles on a paper map.

However, it is noted that the information system is sub-optimal. Sometimes confusion
occurs because the sections have no efficient way of sharing situation awareness.
Further, as most information is written down on pieces of paper and then carried from
the phone operators to the co-ordinators, it is difficult to track messages and get a
good overview. In general, it is felt that the IS could be optimized with current-day
technology and a better way of arranging the information flows.

A change analysis is begun through creativity sessions where section representatives
meet and discuss how a desired system should look. Several options are
specified through a rich picture approach. However, as a continued process would
require significant investments in time and resources, it is decided that sandbox
implementations of the three most popular alternatives be modeled in simulations.
It is further decided that the current situation should also be modeled as a base for
comparison.

The sandbox models are tinkered with until the developers agree that they correctly
describe the alternatives. The model of the current situation is carefully modeled and
compared with the reality until organization representatives agree that it is a fair view
of how things work.

With the available simulations, the developers present the alternatives to the city
council to get a decision on how to proceed. The council members can study the
simulations in which they can see the personnel moving around, carrying messages,
answering phones, taking coffee breaks and meeting in corridors. They can see how
information pile up and cause congestion in the "current" model, while things seem to
flow smoothly in the alternative simulations.

In the end it is decided that one alternative is too costly, and that another where section
personnel is mixed, is not culturally feasible. The remaining alternative is selected for
more detailed specification.

A more detailed specification is developed using contemporary systems development
methods. In parallel with this, the simulation model of the selected alternative is
changed and evaluated. While the specification could have been done without the
simulation, an additional layer of evaluation is added to the design process, and the
simulation forces the developers to be very explicit in their specifications.

Continuously, representatives of the future intended users are invited to participate in
the design process. With the simulation they can see in real-time who is supposed to
do what and in which order. This gives the users the opportunity to get a down-to-earth
insight in the design specification, and also allows them to give detailed suggestions.
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At the point where the specification is finished enough for realization and
implementation, the finished simulation model is used to complement the end-user
training. In the simulation the end-user can watch different scenarios and see how the
technology is supposed to be used to handle those scenarios.

With this case scenario in mind, we attempted to build a kind of proof-of-concept simulation
depicting the situation. The initial idea was to demonstrate that it was possible to build such
a simulation.

Figure 5: The AMSIDO Simulation

In the simulation it was possible to see the agents move around and perform their task in
accordance with the daily schedule and their respective role descriptions.

While the simulation worked technically, the problem with validation became an issue
that had to be dealt with. The reduction required to actually get the simulation model
implemented was for natural reasons quite drastic, and thus it was difficult to use the
simulation to actually make statements about the reality it was supposed to model.

After having constructed the reference implementation, the project thus shifted focus
towards expanding the understanding of the relation between the modeled reality and the
reality model. Several large reports were produced where it was attempted to get a grip on
the relation between the data and the model (Egonsdotter G, Öberg LM, 2002), to describe
the underlying assumptions for the model (Palmius J, 2002) and to summarize the current



33

state of art for the technology used (Egonsdotter G, 2002). These reports later became
the basis of the subsequent discussion on the use of simulations for studying this kind of
phenomenon.

What the reports did not provide any definite answer for was which simulation technology
was the most likely to provide a satisfactory end result. Thus, at a later point in time I
revisited the issue with the help of a colleague.

Figure 6: The Coffee Room through Systems Dynamics

To get a manageable situation to test the various simulation technologies on, we formulated
a smaller study where we wanted to measure the likelihood of random encounters in an
organization. In practice the situation consisted of a coffee room at the local university,
where we wanted to see to what extent people had a chance to communicate. The situation
was implemented in three different technologies: System Dynamics (SD, see figure above),
Agent Based Modeling (ABM, the figure below) and Cellular Automata (CA, further down).

Figure 7: The Coffee room through Agent Based Modeling
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The foundation of the three models were a set of quantitative data about coffee room habits
collected over a few days' time. For SD and ABM, a global schedule was implemented, since
the flow of people (obviously) varied over time. However, no such schedule was possible
to implement for the Cellular Automata model.

Figure 8: The Coffee room through Cellular Automata

In connection with evaluating these models, we had to ask ourselves what characterized a
successful simulation model. This will be described in the following section.

5.1.2. What Constitutes a Successful Simulation?
In Article 4, we summarized both the implementation of different models and the evaluation
thereof. We investigated different models in order to evaluate them and in order to do so,
we formulated an evaluation model which was mainly based on Randers' criteria (Randers
J, 1980). The evaluation model consisted of the following:

Insight generating capacity: Getting insights into the functioning of the system we model
is perhaps the most important part of the simulation, and in part why we do it at all. By
running the simulation we want to get ideas about what to improve in the system on which
we modeled the simulation.

Descriptive realism: We also want the simulation to be reasonably recognizable when
comparing it with the system we modeled it on.
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Fertility: Once we have started to use the simulation, we will also be interested in getting
new ideas about what to study through using it. Fertility is to what extent such new ideas
can arise.

Ease of enrichment: If we get new ideas, we are also interested in being able to implement
them. Ease of enrichment describes how easy it is to extend the simulation model.

Ease of use: We are interested in being able to use the simulation model with a minimum
of fuss.

Focus: The simulation model should have a similar focus as we have in our investigation.
If the simulation focuses on a systemic level completely other than what we want to study,
we have no use of it no matter how good it is.

World view: We also need the simulation model to be compatible with our view of the
world. A model can be technically valid in comparison with physical events but still have an
interpretation of them that is foreign to our own view.

View of the individual: Partly the same as the world view, we want to have a compatible
view of the individual. If we want to see an information system with emancipated actors
who acts of their free will and have needs and desires of their own, a mathematical model
describing actors as automatons who simply react mechanically to input would not be valid.

Software support: It must be possible to implement the model without having to rely on
software which is too expensive or too hard to get.

5.1.3. The Problems with Organization-Level Simulation
While the above is useful for the evaluation of a simulation model as such, they do not
address whether the simulation approach is relevant at all to solving a given problem. In the
following I will outline some of the problems associated with applying a simulation approach
to solve the problem I had formulated for my research.

The greatest problem with simulating all kinds of social systems is their complexity. A social
system is inherently complex, since the actors (humans) display a very wide variety of
behavior and seldom follow an easily reproducible pattern. The problem boils down to a
fundamental conflict: Do we reduce the system in focus to the extent that it is possible to
overview, even though this will lead to the simulation no longer bearing even the slightest
resemblance to the system in focus? Or do we accept the richness of the social system and
try to implement this in the simulation, even though this causes "bloat" in the software and
we no longer have a detailed understanding of the higher-order systemic level construed
of the relation between all the processes and events?

The second problem is in part caused by the first. If we try to describe a very complex
reality, we have a huge task to address in data input. For example, if we are to simulate
organizations with several actors, each of which has their own agenda, designated role,
geographical turf, informal relations and pre-knowledge, then we would of course need
to design how the simulation should represent all this. Depending on the chosen balance
between complexity and reduction, we would need to enter the detailed information for each
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new organization to simulate. This would be a very time-consuming task, even disregarding
the fact that we would have to gain knowledge about the studied phenomenon first (possibly
by observing the organization and actors we wish to simulate).

As a consequence of the data input problem, the cost becomes an unreasonable factor.
The cost of performing the observation needed for the data input and for entering the data
itself would be many times greater than the perceived gain in having performed the intended
simulation.

In the end, the problem which is the most likely to stop simulations for systems design, is the
context of present-day systems development projects. Project life spans are getting shorter,
and the results they produce become quickly outdated. In this stressful environment, adding
another time-consuming phase will simply not be an option. Doing things quickly although
not entirely optimal will likely be preferred over doing things more carefully but taking longer
time.

5.1.4. Making Simulations Theoretically Possible
Never the less, simulations have been successfully applied before, and it was still my
gut feeling that they should be possible to use to address the problem, even if might be
unfeasible to do so. In the following I will outline some of the things I have done to work
towards the goal of making the simulations more feasible.

The first task here was to assess just how complex the system in focus needed to be.
Fliedner (Fliedner D, 2001) discusses non-equilibrium systems in hierarchical levels (in
a social systems context) and lists a number of population types, their basic tasks and
their basic institutions. Paraphrasing him, we could perceive the modeled organization as
the sum population. It should be noted that there is a difference between the theoretical
sum-total systemic complexity and the actual complexity at one system level. Klir (Klir G,
2001) states that "the first general principle" of a system's complexity is the amount of
information required to describe the system. He further states that our ability to understand a
system decreases with the number of entities and relations within the system. I shall call this
perspective the theoretical complexity. This view is of course relevant if the whole system
is perceived as one systemic level. However, when taking encapsulation into account and
perceiving the system as several encapsulated systemic levels, the practical complexity
of any given systemic level is considerably less overwhelming than the sum theoretical
complexity.

When we start to discuss practical complexity rather than theoretical complexity, we
can see that one way of handling sum total complexity is through a deep systems
hierarchy. This approach is influenced by object orientation and has also been called
"embeddedness" (Hanneman R, Patrick S, 1997). The idea is that complexity can be
contained in lower systemic levels, in order to leave the higher systemic levels uncluttered,
that each functionality, such as human navigation, can be considered a self-contained sub
entity. The higher systemic level (in this case the actor object) does not need to know about
the details, as long as there is a well-defined interface for input and output. From the point
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of view of the actor, the navigation sub system is a black box. Taking the step further, to
the simulation systemic level, the actors are considered black boxes.

This approach is already employed within software industry, in component-based
development and object-orientation (OO). Once a component functions according to
specification, there is no longer any need to consider its internals from the point of view of the
top-level software. The component can be "closed" into a black box, and only its interface
considered in the development. To use OO terms, this is called complexity containment
through encapsulation.

The number of systemic levels are arbitrary: It is a question of practicality. A very complex
system will typically have a deeper systems hierarchy, with many layers of black boxes,
developed and validated individually. A simple system will be shallow, with as little as two
systemic levels.

Given that we accept the above, we can see that one way of addressing the fundamental
problem would be by provide a finished set of simulation building blocks in the form of
black box components with defined interfaces. The positive outcome of this would be that
much of the data input is already done: the things that are archetypically general across
many organizations can be inherited rather than re-specified. With a hierarchy of specified
objects, much of the data input problem can be solved. While individuals have individual
aspects of their behavior, there is also a great part of the behavior which is common for the
individual's class. Thus, specifying for example the archetype "secretary" provides us with
the means of assigning the same basic behavior to a group of actors, in order to later on
either specify the individual variety, or specify that the variety should be emulated through
statistical distributions.

Because the greater part of the cost is related to the data input problem, reducing the data
input by providing general templates would also drastically reduce the cost.

The measurement problem aspect of the output does not have a clear-cut answer. The
system in focus is complex. The goals of the system in focus are complex. The definitions
of "good" and "bad" in the system in focus are complex. Thus the measurements have to
be complex.

Efficiency measurements are of course one necessary point of output, but they depend on
what part of the system we are studying. A single efficiency measurement variable for the
sum total of the organizational information system is not usable, but a measurement on the
level of a few-hop channel might be.

Other viable measurement outputs are overview graphs of how the system functions. One
example could be the output of social network graphs as proposed by Klovdahl (Klovdahl
A, 1998). Through these it could be possible to get an overview of the aggregate of low-
level operations.

The problem with the span between formal and informal channels is in part addressed by
specifying generic actor role behavior. The acting of a designed role is a conjunction of the
assigned specific role, and the generic (or at least organization-wide) human behavior. All
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modeled actors move around, speak when meeting each other in lunch rooms or corridors,
and have schedules making them available or not available in their rooms.

The idea is that the informal channels arise spontaneously when the assigned roles are
acted: If one actor often meets another actor in a corridor, and they exchange information
during these chance encounters, then an informal channel has been formed.

It would be counter-intuitive to explicitly model informal channels. However, an
organizational design should take the available opportunities for the emergence of informal
channels into account. If it is desired that some people speak with each other outside the
formal organization structure, then chances are better that this will happen if they sit close
to each other geographically than if they sit at opposite ends of the building.

5.1.5. Ontology and Taxonomy of Organization-Level
Simulation
So, as said above, an explicit ontology would be required in order to map a perceived object
reality onto an intended simulation model. In the following, I will provide at least an initial
taxonomy, which largely coincide with the definition of information system stated in the
positioning section earlier in the thesis.

The system-in-focus is the information system. The purpose of the information system is
to ensure that information reaches actors in a timely and efficient manner. The information
system exists in an arena (or in the case of distributed information system, in several
arenas). The information system provides rules and abstract constraints in the form of
policies and procedures.

The supra system of the information system is the organization. This is not modeled
explicitly apart from in those cases where input is provided to the information system.

The information is an explicitly constructed message, always ultimately originating from
an actor. The information bears properties assigned to it from its origin, purpose and
destination. These properties are, time of creation, author, intended recipient, size, mass,
category and subject. The "size" of an information is defined as the time it takes for it to
be transmitted from one artifact to another. The "mass" of an information is defined as the
time it takes for an actor to interpret it on reception. Category and subject are arbitrary
categorizations related to the purposes of the organization. For example the category could
be "sales department" and the subject be "item was sold".

The arena consists of geography and contains actors and artifacts. The function of the arena
is to provide spatial information on where actors and artifacts are located in relation to the
geography. The geography specifies physical obstacles and important locations. Examples
of these are walls, doors, stairs, corridors as well as rooms with designated functions such
as lunch room, corridor and office.

The actor enacts a role. The role defines what kind of information the actor produces and
desires. The role is derived both from what can be said to be generic behavior for all actors,
and from what is generic in the actor's archetypical group. The role influences the actor's
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information behavior. The information behavior is the concrete steps of action the actor
takes to reach his goals. The information behavior is further influenced by the information
system's policies and procedures.

The goal of an actor is to fulfill the instructions stipulated by the policy and the procedure.
The policy contains a general outline of what kind of information actors with a certain role
should produce and look for, while the procedure outlines general steps to take to reache
this information. Along with these generic instructions, the actor also has short-term goals
stipulated by his needs, for example being hungry or tired.

The artifacts are points in the arena where actors can retrieve, store or transmit information.
The artifacts have properties describing their functionality, such as area of influence
(how close the actor need to be), synchronism (if a transmission need to be conducted
immediately, such as with a phone, or is asynchronous, such as with e-mail) and capacity
(how much information can be managed).

On a deeper systems level, both the actor and the artifact have subsystems determining the
details of their behavior. These have so far not been specified, as they are implementation-
specific. The intention with the above is to provide a formal language in order to describe
both a simulation model and a perceived reality.

5.1.6. Implementation
So far, the above does only describes the taxonomy and ontology, and not their
implementation in a simulation package.

In Article 4, we have seen a comparison of different approaches for modeling human
behavior. One conclusion of this, and of the above, is that of the currently available
approaches, the agent modeling approach shows the most promise.

It should be noted that what I have specified above is a template for how the simulation
could be made possible. The actual implementation is beyond the scope of this thesis. The
steps needed to be taken are however discussed in the "Further Research" sections on
simulation in the "Discussion" chapter.

5.2. The Evolution from Simulation to Assessment

For readability reasons, the above have been kept together as one conceptual section.
However, it should be noted that my perspective had shifted significantly during the work
with simulation. As can be seen in figure 3 (in the method section), I had started out trying
to measure the information system. The idea was that its main aspects could be quantified
and that it would be possible to get exact number on, for example, its general throughput.

However, during later simulation work I shifted perspective towards seeing the simulation
as an aid when thinking about the information system rather than giving hard facts about its
measurements. It would be an aid in assessing a situation rather than measuring. The goal
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was to promote discussion when trying to improve an information system, and simulation
started to become one of several possible ways of doing this.

With the above I started to feel that parts of the simulation approach were unnecessarily
restrictive. For what was the purpose of the simulation anyway? It was to provide a
foundation for discussing the problem and providing inputs, as well as trying to stress
possible problems that might not otherwise be found. However, if we only concentrated
on those parts which were objectively measurable and quantifiable, we would miss other
important parts.

Thus I started to widen the perspective somewhat at this point. The basic model of the
information system was still sound, I felt, but there were aspects which did not fit in my
treatment of it. Formalizing a mental shift that had started some time earlier, I started to
reformulate some parts of my approach.

* Measure became assess: Instead of limiting the approach to only those parts which
were objectively and quantitatively measurable, I widened the approach to aspects
which could be assessed qualitatively.

* Variable became criterion: Following this, it no longer felt right to talk about
variables. Rather, what we were dealing with was a set of criteria which might be
measurable, but which also might not.

* Simulate became discuss: Since there was no objective quantitative model, the goal
with the model became a common picture which could be discussed, rather than a
data set which could provide the foundation for a simulation.

In the simulation approach, there had been a number of variables which were
now available as criteria. These mainly regarded what I below will call organization/
performance, individual/ergonomy, technology/hardware and systemics/cybernetics. The
following criteria will later be recognized:

* Congestion
* Failrate
* Transmission
* Underfeed
* Overload
* Stress
* Performance
* Scalability
* Amplifiers
* Feedback
* Filters

These provided the foundation for what later became the criteria model (which will be
described further down). Having lifted the focus from only taking heed of those aspects of an
information system that could be objectively quantified and practically possible to model in
a simulation, I now also accepted those aspects which were more a question for discussion
rather than measurement. Thus a larger model for categorizing and thinking about these
criteria emerged.
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5.3. The CISE Model

What I think will be considered the largest contribution of this thesis is the CISE (Criteria for
Information Systems Evaluation) model, which is the result of the reformulation mentioned
above. In the following I will describe its constituent parts and its usage.

The purpose of the CISE model is to provide a checklist of things to study when evaluating
an information system, or a part of an information system. The intended usage of the model
is described further down, but the main idea is that when conducting an information system
project (such as changing, developing or simply just studying an IS), the points of interest
listed by the CISE of model is to be used as a supplement to an existing model. Thus the
following should not be read as if the CISE model consisted of a full systems development
model in itself: this is not the intention.

5.3.1. Overview
The CISE model is a set of criteria for evaluating an information system. Criteria focusing
on the same phenomenon within the information system are grouped into a "topic". Topics
that are related to each other are in their turn grouped into a "class". All in all this results
in a hierarchical model of subjects of interest when studying an information system. This
hierarchy can be visualized as a tree structure:
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Figure 9: The CISE Model
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There are five classes of criteria, further divided into a total of 17 topics. The total number
of criteria divided among the topics is 88. As we can see the criteria are more or less evenly
distributed over the classes, with somewhat more detail focus placed in the "Organization"
and "Technology" classes. For readability reasons, the criteria are not listed in full in this
section of the text. However, they are listed along with descriptions and literature hints in
the tables further down.

5.3.2. The "Organization" Class
The organization class criteria are the criteria that emanate from a relation to the overall
organization in some sense. They describe the information system's influence on the overall
organization and vice versa.

Control: The Control topic mainly describe those aspects of the information system
that helps the management of the organization maintain a functional governance. An
example of this is the criterion "Decision accuracy", which describes to what extent the
information system helps the management reach decisions which are accurate based on
the current set of available information. The Control topic also includes the governance
of the information system (this is partly inherited from the governance of the organization,
since the information system is a part of the organization). An example of this is the
"overview" criterion which describes how well the management is able gain an overview
of the information system.

Economy: The Economy topic describes the economical benefits, as well as costs,
of the information system. An example of the benefit criteria is the "competitiveness"
criterion which describe how well the information systems provides the organization with a
competitive edge in its functionality. An example of the cost-related criteria is the "running
costs" criterion which describe how much it costs to maintain the information system in its
current guise.

Mood: The Mood topic describes the emotional relationship between the organization
and the information system, as well as the emotional relationship between the
human constituent parts of the information system. Two examples of this are the
criteria "management commitment" and "employee commitment" which both describe a
stakeholders commitment to maintaining and improving the functionality of the information
system.

Performance: The Performance topic describe those things inherent in the functionality of
an information system as such, as well to what degree problems tend to arise. An example
of the latter is the "congestion" criterion which describe how often information tend to pile
up in one place without getting distributed or taken into account.

5.3.3. The "Individual" Class
The "individual" class of criteria relates to the performance and satisfaction of individuals
within the information system and with regard to the information system.
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Communication: The Communication topic lists those criteria which related to the extent
to which the information system places the individual in a context through providing
relationships and information necessary for the functioning of the individual as an employee.
For the relationship part, the "belonging" criterion describes how well individuals are put into
social context by being provided with enough context information. One possible problem
with belonging would for example be if an individual felt left out because of not getting
information about social events of meetings, etc.

Emancipation: The Emancipation topic lists criteria related to what influence and sense of
control an individual has within the information system, as well as personal development
issues. An example of the former is the "influence" criterion which describe how well an
individual is able to exploit the information system in order to suggest and enact changes.
An example of the latter is the "learning" criterion, which describes the extent to which
information is provided to allow the individual to develop new competences rather than
simply to use an existing competence to solve his tasks.

Ergonomy: The Ergonomy topic lists possible issues with the well being of individuals within
the information system, or in other words what possible health benefits or problems the
information system causes. An example of a problematic situation is one described by
the "overload" criterion, which is when a person receives too much information to manage
without health problems.

5.3.4. The "Information" Class
The information category of criteria relate to the quality and accessibility of information
within the information system.

Access: The Access topic describes how readily available a piece of information is within
the information system. One example of a criterion within this topic is the "searchability"
criterion, which describe to what extent the information system provides functionality for
searching for specific information.

Durability: The Durability topic describes those things that are related to the management of
information over time. Conceptually, these criteria are things that are likely to be influenced
by the handling of a long-term archive, or during transitions from one solution to another
within an information system. One example of a durability criterion is the "traceability"
criterion which describe how easy it is to deduce the source of an information once it has
been stored or archived.

Quality: The Quality topic describes how well the information within the system fulfills its
intended usage, or how much of the information does not consist of what was intended.
One example of the latter is the "relevance" criterion which describes how relevant the
information flowing in the system is. A mailbox full of spam would for example score low
on a relevance evaluation.
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5.3.5. The "Technology" Class
The technology criteria are all those criteria that relate to tangible artifacts that participate
in distributing and managing information. Sometimes paired with use, this is what most
traditional literature would call "information system" or "information technology".

Hardware: The Hardware topic describe things related to physical objects within an
information system, things like wires and computers. One example of a criterion within this
topic is "scalability" which describe how well the hardware would be able to adapt if more
tasks were needed to be handled within the information system.

Security: The Security topic describes how well the measures implemented to protect
information are implemented. This includes protection both from being seen by
unauthorized entities, as well as protection from destruction for example in hardware
failures. An example of the former is the "secrecy" criterion which describes how well
hidden the information is from being seen by outsiders. An example of the latter is the
"stability" criterion which describe the risk of faults or failures causing loss or degradation
of information.

Software: The Software topic relates to the soft parts of the computerized section of the
information system, how well the installed software manages to fulfill its tasks with a
minimum of fuss. Examples within this topic include "administration" which describe how
easy it is to manage the software and "licensing" which describe to what extent licensing
restrictions stop the information system from utilizing the software in an optimal fashion.

Usability: The Usabilty topic describe the functioning of the interface between the human
components and technological components of the information system. One example of
a criterion here is "efficiency", which describes how much effort is required by a human
component to cause a desired effect in the technological component.

5.3.6. The "Systemics" Class
The systemics criteria take a systems' point of view of the information system. These criteria
study how well the information system conforms to what could be said to be good standards
from a general systems point of view.

Cybernetics: The Cybernetics topic describe those aspects of an information system which
are derived from a control systems perspective. One example of this is the "requisite variety"
criterion which describes whether the information system is flexible enough to react to
changes in its environment. Conceptually this could include different demands from the
management.

Model conformance: The Model Conformance topic is somewhat different from all the other
topics in the sense that it does not describe concrete criteria. Instead it lists a set of models
to which the information system could be compared. Thus the "criteria" in this topic should
be thought of as a meta-level instruction to see what for example a VSM analysis of the
system would provide.
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Systems properties: The Systems Properties topic lists things which are about the system
as a whole rather than its parts, or about its functioning in a certain aspect. An example of
a criterion here is the "efficacy" criterion which describe whether we, all in all, feel that the
system does what it is supposed to.

5.3.7. Usage
The intention with all the above is to provide an extensive set of criteria to consider when
discussing an information system. At this point in time, most of the criteria do not have any
specific operationalization. However, they can still serve as a basis for discussion.

One tentative use would be that the persons needing to discuss the information system sit
down with the list and discuss the criteria one by one. A prioritized list could be produced:
An "ok" mark for something that does not need to be addressed, a "warning" for something
that is slightly problematic and a "critical" for something that it is critical to address. In the
following figure a sample of how (a part of) such an output could look is presented, where
the "critical", "warning" and "ok" columns are named "C", "W" and "O".
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Figure 10: Using the CISE Model

With this prioritized list of criteria, it would be possible to get an overview of which areas
of the information system need most attention: If most of the "critical" criteria end up within
one topic, it is likely that the problems surrounding the issues found in that topic merit more
attention.

Depending on the focus of the change process, certain subsets of the model may be more
interesting than others. In a process where the focus is the social aspects of the information
distribution within the organization, the "emancipation" and "communication" topics in the
"individual" area may become the focus of the discussion, while for example the hardware
topic is left completely outside.

It should be stressed that the model in itself does not constitute a development model. It is
a support for such a development model. The choice of the underlying development model
is not implied by the CISE model, but an example would be a organizational development
project employing an SSM approach.
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In such a setting we can see CISE being used both as a model for "the perceived
world" and "the process of inquiry" about the perceived world. Following the definition of
information system presented above, the information system is implicitly seen as a human
activity system, where the perceived world is often a topic for discussion and interpretation
rather than fact-finding. In their fundamental work about SSM, Checkland and Scholes
describe a seven-stage model (Checkland P, Scholes J, 1990), where the first two steps
consists of "problem situation considered problematic" and "problem situation expressed".
We could here see CISE as a support both for structuring a description of the world, as
well as a support for identifying and discussing what aspects of that world can be seen as
problematic. That is, alongside the tools already provided within the frame of SSM.

We can quote Stolterman (Stolterman E, 1991) to illustrate the usage of the CISE model:

Development of methods should be founded in the existence of leaps which are not
possible to control rationally to any greater extent. If we presuppose that creative
leaps are a natural and common phenomenon in design processes, then we have to
investigate what conclusions this leads us to. Simply stated, it is possible to control
and support a design process at the creative leaps in two ways, either by narrowing
the gaps over which the leaps have to be made, or by increasing the ability to make
long leaps.

In my view this is what CISE is about: a support to help the designer narrow the intuitive
leaps necessary. With a set of criteria available, more can be thought through before
committing to a specific decision.

Figure 11: CISE in the Life Cycle
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Revisiting Figure 1 from the introduction, we can see where CISE could be used to support
the development process. When analyzing the situation the criteria can be used to provide
input about problematic situations. Then, when designing a new solution CISE can be used
as a check list to see that nothing important is forgotten. When constructing the solution,
CISE can again be used as a checklist to see that the construction remains on track in
relation to what the design was supposed to solve, and as a checklist against unintended
consequences where one implementation choice affects another part of the CISE list. When
choosing whether to finally implement

5.4. The CISE Criteria

The following is the full specification of the criteria belonging to the CISE model. As
mentioned earlier, the criteria are divided along five "classes", which in their turn are divided
into "topics", which then contain the actual criteria.

In each table there is a specification of the source of the criterion. Most criteria are fetched
from literature. Apart from those, the source hint may also be "SEMINAR", indicating that
it was the result of the expert seminar mentioned in the method. The hint may also be
"RESEARCH EXPERIENCE", indicating that this is something I have seen as important,
but which I did not take from a particular source. One example would be "knowledge
management", which is common enough knowledge that selecting a specific source would
be superfluous.

5.4.1. Organization
The organization criteria are the criteria that will be found to be interesting from the point
of view of the management and the sales department. These criteria describe how well the
IS support the organization's performance and vice versa.

5.4.1.1. Economy

The Economy topic describes the economical benefits, as well as costs, of the information
system.

Topic Description Source

Competitiveness Does the information system make the
organization more able to compete with the
environment

(Irani Z, 2002)

Customer
satisfaction

Are external customers happy (Torkzadeh G, Doll
W, 1999)

Productivity Does the system support production in a
satisfactory fashion?

(Torkzadeh G, Doll
W, 1999)
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Topic Description Source

ROI Return on investment (DeLone W, McLean
E, 1992)

Running costs Are there hidden costs over time (for example
for maintaining the system)?

SEMINAR

Sufficient
resources

Are there enough resources to keep the
system running an a satisfactory manner?

SEMINAR

5.4.1.2. Mood

The Mood topic describes the emotional relationship between the organization and the
information system, as well as the emotional relationship between the human constituent
parts of the information system

Topic Description Source

Employee
commitment

Do the individuals in the system spend the
necessary effort to keep being informed (read
mail etc)?

SEMINAR

Maintenance Is there an explicit organization for
maintaining and managing the system?

SEMINAR

Management
commitment

Is the management sufficiently commited to
making the information system work?

SEMINAR

Sanctioned Is the management informed about the
information system structure and happy with
that structure?

SEMINAR

5.4.1.3. Performance

The Performance topic describe those things which are inherent to the functionality of an
information system as such, as well to what degree problems tend to arise

Topic Description Source

Congestion How often information heaps up in one place
(information overflow, congestion)

(Palmius J, 2005a)

Fail rate How often a failure (information loss,
corruption...) occurs

(Shannon C, 1948)
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Topic Description Source

Transmission How efficient (as in speed) the information
distribution is

(Shannon C, 1948)

Underfeed How often segments of the organization has
to be idle due to lack of information

(Palmius J, 2005a)

5.4.2. Individual
The individual criteria relate to the performance and satisfaction of individuals within the
information system.

5.4.2.1. Communication

The Communication topic lists those criteria which related to in what extent the information
system places the individual in a context through providing relationships and information
necessary for the functioning of the individual as an employee

Topic Description Source

Belonging Does the information system provide a sense
of belonging?

RESEARCH
EXPERIENCE

Competence Do the individuals in the system have the
necessary competence?

SEMINAR

Informedness Is the individual informed about the things he
needs to know about the organization?

(DeLone W, McLean
E, 1992)

Social interaction Does the information system provide support
for the individuals' need for interacting with
people?

RESEARCH
EXPERIENCE

5.4.2.2. Emancipation

The Emancipation topic lists criteria related to what influence and sense of control an
individual has within the information system, as well as those things that leads to personal
development

Topic Description Source

Democracy Can the individual make his voice heard
publicly?

RESEARCH
EXPERIENCE
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Topic Description Source

Influence Can the individual influence his own situation
within and/or through the system?

RESEARCH
EXPERIENCE

Learning Is the individual given the opportunity to
develop skills and understanding through the
system?

(DeLone W, McLean
E, 1992)

Satisfaction Are the individuals in the system satisfied
with how it works?

RESEARCH
EXPERIENCE

5.4.2.3. Ergonomy

The Ergonomy topic lists possible issues with the wellbeing of individuals within the
information system, or in other words what possible health benefits or problems the
information system causes

Topic Description Source

Control Can the individual configure his role and
the technology of the information system
according to his own needs?

RESEARCH
EXPERIENCE

Overload How often will the system provide too much
information?

(Palmius J, 2005a)

Stress Do the information system contribute to
stressing the individual (for example through
being difficult to manage)?

(Palmius J, 2005a)

Underfeed How often will the system provide too little
information?

(Palmius J, 2005a)

5.4.3. Information
The information criteria relate to the quality and access of information.

5.4.3.1. Access

The Access topic describes how readily available a piece of information is within the
information system



53

Topic Description Source

Accessibility Is the information within the system easy to
reach?

(Borglund E, 2005)

Format Is the information in the system available in
an appropriate format?

(DeLone W, McLean
E, 1992)

Searchability Is it easy to find a specific piece of
information?

(Borglund E, 2005)

5.4.3.2. Durability

The Durability topic describes those things that are related to the management of
information over time

Topic Description Source

Archivability How well is the information within the system
fit to be stored in an archive?

(Borglund E, 2005)

Evidence How well does the archived information
support proving that something actually
happened?

(Borglund E, Öberg
LM, 2006)

Movability How easy is it to move archived information? (Borglund E, 2005)

Original look How close to the original look is the archived
information (ie was it changed significantly to
fit in the archive?

(Borglund E, 2005)

Portability How easy is it to transfer archived information
to another system?

(Borglund E, 2005)

Traceability How well does the archived information
support tracing its origins and original
context?

(Borglund E, 2005)

5.4.3.3. Quality

The Quality topic describes how well the information within the system fulfills its intended
usage, or how much of the information does not consist of what was intended

Topic Description Source

Accuracy How accurate is the information within the
system?

(DeLone W, McLean
E, 1992)
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Topic Description Source

Freedom of bias How objective is the information (ie how often
has it passed through interpretations)?

(DeLone W, McLean
E, 1992)

Importance How important is the information within the
system?

(DeLone W, McLean
E, 1992)

Relevance How relevant is the information within the
system?

(DeLone W, McLean
E, 1992)

Reliability How reliable (repeatable, stable) is the
information within the system?

(DeLone W, McLean
E, 1992)

Uniqueness How often does redundant information flow
within the system?

(DeLone W, McLean
E, 1992)

5.4.4. Technology
The technology criteria are all those criteria that relate to tangible artifacts that participate
in distributing and managing information. Sometimes paired with use, this is what most
literature will call "information system" or "information technology".

5.4.4.1. Hardware

The Hardware topic describe things related to physical objects within an information system,
things like wires and computers

Topic Description Source

Management How easy it is to manage the hardware RESEARCH
EXPERIENCE

Performance How well the hardware supports the current
needs of the system

RESEARCH
EXPERIENCE

Scalability How well the hardware can be thought to
support future needs

RESEARCH
EXPERIENCE

5.4.4.2. Security

The Security topic describes how well the measures implemented to protect information
are implemented. This includes protection both from being seen by unauthorized entities,
as well as protection from destruction for example in hardware failures
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Topic Description Source

Channel
redundancy

Are there functional alternatives if an
information channel breaks down?

SEMINAR

Secrecy How well does the system protect information
from being seen by outsiders?

RESEARCH
EXPERIENCE

Stability How stable is the system in the sense of
in what rate it breaks down and becomes
inaccessible or loses data?

(Irani Z, 2002)

Supplier activity Are the suppliers of system components
active and provide updates (for example
security fixes)?

SEMINAR

Validity To what extent does the system ensure
that information within it is correct and for
example not tampered with

(Finne A, 2005)

5.4.4.3. Software

The Software topic relates to the soft parts of the computerized section of the information
system, how well the installed software manages to fulfill its tasks with a minimum of fuss

Topic Description Source

Administration How easy it is for an administrator to manage
the system

RESEARCH
EXPERIENCE

Availability How easy it is to acquire the software (and its
upgrades/fixes)

RESEARCH
EXPERIENCE

Changeability Is it possible to develop or change the system
components if needed?

SEMINAR

Compatibility How easy it is to move information between
parts (software) of the system

(Finne A, 2005)

Licensing To what extent licensing issues hinders the
administrator from doing what he wants with
the system

RESEARCH
EXPERIENCE

Replacability How easy it is to replace parts of the system
with new parts

(Finne A, 2005)

Saliency How easy it is to understand the software
structure (for an administrator)

RESEARCH
EXPERIENCE
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Topic Description Source

Standard
components

Are the software components standard
components or developed in-house?

SEMINAR

5.4.4.4. Usability

The Usabilty topic describe the functioning of the interface between the human components
and technological components of the information system

Topic Description Source

Configurability Is it possible to adapt the components of the
system to individual preferences?

SEMINAR

Effectiveness How well does the system support solving the
problems of a user?

(Nielssen J, 1993)

Efficiency How much energy does a user need to put
into the system to produce a desired result?

(Nielssen J, 1993)

Errorproneness How often does confusion within the system
cause user errors?

(Nielssen J, 1993)

Learnability How easy is it for a new user to understand
how to act in the system?

(Nielssen J, 1993)

Memorability How easy is it for an experienced user to
remember how to act in the system?

(Nielssen J, 1993)

5.4.5. Systemics
The systemics criteria are related to a systems' point of view of the IS. These criteria study
how well the IS conform to what can be said to be a good general system.

5.4.5.1. Cybernetics

The Cybernetics topic describe those points of view of an information system which are
derived from a control systems perspective

Topic Description Source

Amplifiers How well parts of the information system is
able to call attention to important information

(Finne A, 2005)

Feedback How easy it is to see the effects of an output
in order to adjust future output

(Finne A, 2005)
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Topic Description Source

Filters How well divisions between parts of the
information system works (forwards relevant
info and only that)

(Flood R, Carson E,
1993)

Requisite variety How well the information system is able
to manage incoming inputs from the host
system and the environment

(Finne A, 2005)

Sensors How well the information system is able
to collect information about itself the
environment

(Finne A, 2005)

Viability How well the information system supports the
survivability of the host organization

(Finne A, 2005)

5.4.5.2. Model Conformance

The Model Conformance topic is somewhat different from all the other topics in the sense
that it does not describe concrete criteria

Topic Description Source

ITIL How well the information system fits with how
ITIL thinks a system should look

(ITIL, 2007)

Living systems How well the information system fits with how
Living Systems thinks a system should look

(Miller JG, 1978)

SSM How well the information system fits with how
SSM thinks a system should look

(Checkland P,
Scholes J, 1990)

VSM How well the information system fits with how
VSM thinks a system should look

(Espejo R, Harnden
R, 1989)

5.4.5.3. Systems Properties

The Systems Properties topic lists things which are about the system as a whole rather
than its parts, or about its functioning in a certain aspect

Topic Description Source

Congruence Are the organizing principles the same
behind the information system and the host
organization?

SEMINAR
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Topic Description Source

Cultural feasibility Does the current setup of the information
system fit how people in the organization
think things should be?

(Checkland P,
Scholes J, 1990)

Efficacy Does the information system actually solve
the problem it was intended to solve?

RESEARCH
EXPERIENCE

Process support Does the information system support the
processes of the host organization?

SEMINAR

Systemic
desirability

From an expert point of view, is the system
constructed in what could be considered a
good manner?

(Checkland P,
Scholes J, 1990)
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6. Conclusions and Discussion

In the following I will analyze what I produced, as well as my own personal development as
a scientist, and provide some additional comments.

6.1. Lessons Learned

This section is intended as an introspective discussion on what I have learned as a scientist
during the PhD process. It may also help explain some of the choices I have made.

6.1.1. Influences
Before starting the discussion on development, a few words about what have been the
strong influences.

My undergraduate studies were conducted on a program heavily influenced by systems
theories. While I did not realize it at the time, I have later come to understand that much
of what was taught was derived from Soft Systems Methodology and General Systems
Theory. In the later years of the program, influences from cybernetics, mainly the Viable
Systems Model also materialized.

To this day I feel fully aligned with SSM and comfortable with GST. VSM I consider rather
dated, but that does not mean I am able to free myself from its influences: I still think largely
in filters and feedback loops.

The SSM view has been prevalent in all the work I have done, even in those parts where I
have actively striven to adopt another point of view. It is implicit in all the work that the optimal
design is the one which all the stakeholders agree upon and which has been reached
through thorough discussions, rather than a solution which somehow would be "objectively"
the best. "Good" is a term which thus describes cultural feasibility as much as systemic
desirability.

Outside the undergrad program I have also come into contact with operations analysis (OA),
a theoretical approach which has fascinated me significantly. I realize some eyebrows may
be raised at someone who claims to be comfortable with both OA and SSM at the same
time, but nevertheless this is true. OA has pushed me towards trying to quantify variables
and ask myself what the operationalization of them would be.

Something else which has influenced me is usability measurements. Again, two seemingly
opposite things influence me here: both measurability and relativity. Inherent in the definition
of usability it follows that usability is highly dependent on for whom and in what context it
is evaluated, but also that this is objectively measurable.
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The usability discrepancy is a good summary of my confusion: While I believe most things
are very relative and highly dependent on whom you ask, I nevertheless think that they
should be objectively measurable. Or in other words SSM and OA at the same time.

6.1.2. Important Realizations
Below I mention a few things which I have realized during the process and which I now
believe in. They may be true, or they may become disproved. However, until I change my
mind they are my assumptions, and thus it is only honest to list them here.

The first realization is that it is a bad idea to limit the question of information systems
development to a question about technology. This is a realization on several levels. The first
is that despite the fact that everyone talked about organizational problems, the vast majority
of practically applicable systems development models I have been taught previously are
software systems development models. Information systems development is not the same
thing as software systems development. When I look around I still see people trying to solve
organizational problems by buying or developing new technological solutions. It is my belief
that this is usually a bad idea, because (and this is the second part of the realization), the
most important entity in an information system is the human, not the technology.

The following realizations are derived from this. One is that no matter how fancy your models
are, the information system will never work well unless people talk to each other and trust
each other. A pet idea that I have brought with me since very early in the process is related
to that realization: The most important part of an information system is the coffee room. To
build the viability and smooth functioning of the information system people need to talk to
each other. Through which technological means they do so is of secondary importance. So
far I have not seen any form of technological tool superior to face to face communication.

The final realization I will list here is that complexity is in part a discussion of encapsulation
on different systemic levels. Previously, I have seen two different approaches to define
the word "complexity". One being based on how many entities and interactions there are
in a system (what I call "systemic complexity"). The other is based on how difficult it is
to understand the system (what I call "practical complexity"). However, what both these
definitions do is that they talk about a system as if it had to be considered at once and
on one systemic level. It may be a trivial realization that was obvious to everyone else,
but somewhere during the process I realized that complexity according to either definition
can be locked in on deeper systems level. It is not necessary to include the complexity of
subsystem if its interface is operationally defined. It can then be considered a black box the
containing systemic level does not need to care about the internal complexity of that black
box. This is something realized a long time ago within object orientation, although I have
not seen it in the same discussion as systems theory.

6.1.3. Shifts in Outlook
Partly as a consequence of the realization above, some major shifts in outlook have
occurred during the process.
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Implementation to problematization:  Originally I perceived the comparison of information
systems as a question of going out there, measuring things and putting them into a
simulation. The simulation was merely a question about implementation, a technological
detail which would be solved. I quickly learned that this was a naive outlook, and that the
question in order was what exactly it was what we were dealing with. Before this question
was answered, no measuring could be done. Still, this many years later, the question
about characterizing the phenomenon in focus still takes precedence over implementing
the evaluation.

Technology to human:  Early on in the process, my outlook was that the question about
information system was a question about arranging technology to provide an efficient
propagation of information, top down. This was partly founded in the military chain-of-
command perspective we had to adopt in the first study, but also based on my earlier
experiences. Gradually and continuously through the process my outlook has shifted away
from technology towards human needs. The question about information systems is now a
question about humans first and foremost.

Efficiency to quality:  The question about what is "good" in an information system has also
shifted significantly. Again based in the military case, the initial outlook was on efficiency
first and foremost. Gradually my outlook here has shifted towards a more general question
about "quality". The question about an information system is not only a question of moving
a piece of information from point A to point B as fast as possible and using as few resources
as possible. It is also a question about a great deal of other aspects, as is seen in the criteria
model included in this thesis.

6.2. Concerning the Results

The results of this thesis come in two forms: The experiences from the process and what
have to be considered the end result. While I am not certain it will fit exactly, one could
liken this with the classic requirement that research should end up in two forms; results that
improves research knowledge, and the practical tangible result per se.

Concerning the first, I have in this thesis listed my experiences of working with the overall
question using different approaches. Concerning the latter, the CISE model has been
presented and is available for general use.

Further addressing the "knowledge" result: in the results section I have outlined the
theoretical usage of simulations for evaluating information systems models. As I have
stated, there are some things that need to be solved to make simulations a feasible
approach to apply to information systems development in the sense that I have described.

However, a clear distinction should be drawn between "feasible" and "possible". I think I
have shown that it is theoretically possible to build such a simulation. It might even be useful,
if the user has the significant resources required to apply it.

For the sake of the problem at hand, significantly more work would be required to move
the state of the art to such a point where such simulations would be possible to implement.
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This would primarily entail making an operational implementation of human information
behavior, as well as providing a large set of templates for possible archetypes of actors
within an organization.

However, even with the current state of the art, simulation can provide a different, useful and
amusing input in information systems work. For problems such as making a rough estimate
on how many times two people are likely to meet depending on how long they have to go
to reach the coffee room, simulations are already practically usable.

6.2.1. Validity
The conclusions I have drawn about the simulation of information systems as wholes are
based on a set of assumptions, some based on literature, and some based on reasoning.
The major assumption that one may want to question is what the simulation should
encompass to be useful. Throughout my studies, I have pre-supposed that in order to be
useful, the simulation must be able to represent at least the actors in the system, as well as
the information channels, the information, the technology and at least some limited aspects
of the geographical constraints.

I have made this assumption by design. The question was formulated in such a way: "how
can we simulate an information system?" Since the information system was operationalized
into these entities, then the the simulation would then logically need to represent these
entities too.

However, the question could have been formulated otherwise: "how can we use simulation
to support the information systems development process?". This is a very different question
than the one used in the research process, and it would have yielded very different answers.

While I feel secure in the conclusions I have drawn concerning the simulation of information
systems as a whole, I realize that a big potential may have been missed.

Concerning the CISE model, its validity need to be discussed on at least two levels: Are the
criteria as such valid, and is the model as such valid for what it claims to be?

Starting with the first, the discussion about the criteria also need to be sub-divided. At least
three questions need to be asked: "Does each criterion measure what it says it measures",
"Is the origin of the criterion a credible source", and "What criteria are missing in the model?"

Most of the criteria do not have an explicit operationalization as of yet. Seen from this
perspective, for many of the criteria, the question about whether the measurement is good
cannot be answered since there is no stated method of measurement inherent in the
statement of the criterion. However, for a rather large subset of the criteria, there is an
explicitly stated method for evaluation. To exemplify, the usability criteria are taken from
Nielsen's book on how to measure usability. The method stated there can be taken in
verbatim if one wants to conduct a full measurement of these criteria. As these criteria are
taken from credible sources, I make no further effort in deciding whether the suggestions
for measurements are valid. To do so would be far outside the scope of the model I have
formulated.
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For the second part of the question: are the criteria taken from credible sources? The criteria
come from three different directions. Some (the vast majority) are taken from literature,
some (a significant part) originate from the expert seminar or have been confirmed by the
expert seminar. Apart from these there is a set of criteria which I included without external
support. These I base on my own experience of systems development. In the criteria tables,
it should be apparent which is which.

The question about what is missing is difficult to answer. I have made a rather wide sweep
of literature, and I did not particularly steer the experts when they could suggest which
criteria should be included. If something large was missing, it is my assumption that this
would have become obvious in either the literature sweep or the expert seminar. I cannot
guarantee this though, and instead leave the question for possible further research.

Finally, does the model do what it purports to do? Well, I believe it does. It does provide a set
of criteria for supporting discussions during an information systems development process.

From a usage point of perspective, it would of course be desirable to have more guidance
on how the criteria should be evaluated in practice. However, even without this guidance
the criteria can still be used as a starting point for a discussion during information systems
development work.

6.2.2. Generalizability
My major conclusions about organization-level simulations of information systems are
general for similar human activity systems: there is a harsh trade-off to be decided upon
when balancing between complexity, validity and cost. Simply stated, a simulation of a
human activity system as a whole will most likely always run into this question. Do we limit
the model to such a simplicity that it can be manageable, cheap and possible to validate
even though it does not then bear any resemblance to the phenomenon it is meant to
represent? Or do we embrace the complexity of the phenomenon we try to represent even
though this means huge obstacles in relation to data input and validation?

I do not know which way these decisions should go: I merely point out that this trade-off
exists and must be dealt with. And that this is general for this type of simulation problems. In
essence, I point out that to actually move the evaluation of the information system out from
a theoretical construct without practical applicability, we need to take into account criteria
which are not easily put into the harsh constraints imposed by a simulation model. Hence
the gradual shift from "variable" to "criterion" and the CISE model as the final result.

The question about generalization of the CISE model can be done in two ways: where
is CISE applicable today, and how can CISE be taken out of it context and be applied
elsewhere?

For the applicability, one should bear in mind that CISE has been formulated to deal with
such situations as when there is a complexity to manage. For small organizations (say up
to 10 persons), many parts of the criteria model would become pointless to try to apply. In
such situations, applying CISE might considered overkill anyway.
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Further, CISE has been formulated with an information intensive organization in mind. While
all organization by definition will include an information system, this part may be more or
less important to invest effort in.

Concerning applying CISE outside its original context, the criteria model has been
formulated on a specific level in a systems hierarchy encapsulating a whole organization.
Moving it from its original context can be done in three directions: upwards, downwards and
sideways. Such generalizations are not counter-intuitive, since CISE already has tendrils
cast in various directions in the systems hierarchy.

An upwards generalization would be by using CISE for organizational development and
organizational change. It is my belief that this could easily be done. At the moment
the criteria are formulated with the information system in mind. An example would be
"organization/overview", which in the original context concerns how salient information
channels are. However, in an upwards generalization, it would more come to mean
how salient the organizational structure is. Many of the criteria in the "organization" and
"individual" classes are already formulated in a manner that makes them readily available
for an upwards generalization, while many criteria in the technology class would likely fall
outside the discussion.

A downwards generalization would be by using CISE to specifically study software and
hardware issues, for example in a programming project. This too would be possible to do,
although again some criteria might have to be reformulated slightly. The "technology" and
"information" classes are already close enough to this hypothetical use. The "individual"
and "systemics" classes would need some more reformulation, while the "organization"
class would take on an entirely different meaning. While it was not the focus in the studies
conducted so far, this generalization is eventually intended.

A sideways generalization would be to use CISE for another purpose but on the same
systemic level. Here we can see the use of CISE in areas such as systems revision, a
continual evaluation of how the system functions. While CISE at the moment is intended to
be used in a change process, it is not far-fetched to apply it to systems revision too.

6.2.3. Further Research
Some of the major things required to make simulations of this kind practically usable have
already been mentioned elsewhere in the thesis, but the following points are the ones I
view as most critical.

A generic agent model of basic human behavior: Currently, every simulation has to start
from scratch when it comes to implementing a higher-order simulation with the purpose
of studying how individuals behave in an organization. Some attempts at making this kind
of library have been made, but to my knowledge they have all focused on lower level
representation.

To make such a generic model functional, a set of basic subsystems would have to be
implemented in the agent model. The most important would be systems for cognition,
inter-agent communication, movement, planning/goals and basic needs (such as hunger et
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cetera). To make the representation of these subsystems believable, they would have to
build on extensive research in the respective areas they represent.

With the existence of a generic human model, a model for generic information behavior in
an organization would need to be formulated. This would require narrowing down the field
to explicitly define what is common among all information behavior in generic organizations.

With a information behavior model available, it would be possible to formulate a library
for archetypical roles, or in other words a set of agent models which are derived from the
general models but which implement behavior specific to a certain role in an organization.

With all the above present, it would be possible to formulate a simulation framework
which could be used to simulate information systems as such. Also, let me stress that the
simulation of parts of information systems are already possible and are already conducted.
The above is a discussion about representing the whole of an information system in a
simulation.

Concerning CISE, the most obvious complement is the operationalization of the criteria, or
in other words explicit instructions for how the criteria should be evaluated in practice. This
is a huge job, and would require significant resources to finish. One starting point would be
to describe the criteria in more detail, with further literature hints.

One thing which is not addressed at all in the model at this point is the prioritizing of criteria.
For now all criteria are perceived as equal in importance. There is no guidance for a user
who would want to select a subset of the model. In part this is by design, since the idea of
the model is not to tell the user what the user should think important in his own systems
development. However, different use cases could be provided where such a prioritizing
could be added.

Finally, a continuous effort to polish the current separation of points of interest into criteria
is needed. Some criteria may measure the same thing. Some criteria should possibly be
split into multiple criteria. This would be an ongoing process requiring some significant input
from examples of practical use of the model.

6.3. Concluding Remarks

In this thesis I have presented my experiences of trying support an information systems
development process by adding tools for assessing and discussing the information system.

The simulation approaches may need some more work in order to be possible to apply
in practice. However, in the thesis, the fundaments for making this work possible are laid
down.

The major product of the thesis is the CISE model. While it can certainly be elaborated and
extended, it is already available for public use.
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