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Abstract

Computers as tools for ethical decision making

Christian Rick

New technology gives rise to new moral problems and dilemmas. We can 
therefore no longer be sure that our previously collected moral knowledge for 
dealing with everyday life situations applies to the new situations that arise as 
a consequence of modern technology. Thus we are forced to seek new 
answers and to re-examine the foundations of our moral reasoning. To find 
these new answers we need an autonomous approach to moral problem 
solving. Education can help increase the moral awareness in computer 
professionals by training them in disregarding moral fixations and automatic 
reactions, instead solving the problem using critical thinking and consideration 
of all values, interests, feelings, duties, needs, and beliefs of all those 
somehow involved. As a complement to education various support systems 
can be implemented to help professionals solve moral problems much in the 
same way as with normal problem solving. Some of these methods are suitable 
for computerization, creating a moral computer not as a moral authority or a 
set of guidelines but as an application that guides the user in a process of 
autonomy, helping the decision maker to make autonomous decisions. Three 
different approaches to creating a computerized tool for ethical decision-
making were prototyped, tested, and evaluated resulting in an indication that 
such a tool has its merits and can offer benefits over a pen and paper method.
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Populärvetenskaplig sammanfattning 
 
Ny teknik skapar både nya situationer och nya möjligheter, inte minst när det 
gäller frågor kring etik och moral. Vi har aldrig haft det så enkelt att nå ut till och 
kommunicera med andra människor som vi har idag, och det vi gör kan få 
konsekvenser långt utöver vad man kan ana. Vi har från barnsben fått lära oss om 
vad som är rätt eller fel i form av regler, principer och riktlinjer, från reglerna för 
lekarna vi lekte på skolgården till uppförandekoden på det företag vi jobbar på. Vi 
har fått lära oss att resonera kring och argumentera för vad vi tror är rätt eller fel. 
Så länge vi befinner oss på utforskad mark i situationer vi känner till eller kan 
känna igen vet vi hur vi ska göra, men de flesta av oss kommer någon gång att 
antingen råka ut för helt nya situationer där vi inte kan använda vad vi redan vet 
för att komma fram till rätt handling eller så kommer vi att själva bli den som 
skriver de regler, principer och riktlinjer som ska gälla. För att lära oss hantera de 
här situationerna behöver vi se etiken ur ett annat perspektiv, och istället för att 
fokusera på att lära oss vad som är rätt eller fel lära oss hur man på ett bra sätt 
resonerar kring moralproblem. Vi behöver betrakta etiken ur ett psykologiskt 
perspektiv för att förstå hur vi ska kunna komma fram till bra beslut oavsett 
situationen. 
 
Piaget beskriver den psykologiska etiken med begreppen heteronomi och 
autonomi. Heteronomi är att välja att följa regler och riktlinjer, att göra vad någon 
annan säger att vi ska göra eller att följa vår magkänsla. Vi fattar enkelt snabba 
beslut som fungerar i de flesta fall. Vi behöver inte fundera på om det är rätt eller 
fel att stjäla, eller om vi ska skaka hand med eller klappa till vännen vi möter på 
stan. Autonomi å andra sidan är att kritiskt granska och analysera situationen, att 
med ett öppet sinne utforska och resonera kring möjliga handlingar. När man 
använder autonomi följer man inte blint regler, principer eller riktlinjer och man 
gör inte automatiskt vad andra säger. Istället tar man reda på fakta, argumenterar 
för och emot olika handlingar och fattar ett rationellt välgrundat beslut. 
 
Att rationellt utforska och lösa problem låter inte som något konstigt och det känns 
som ett självklart val men det är dock svårare än vad man kan tro, heteronomin 
ligger oss nära och vi använder den instinktivt. För att underlätta användandet av 
autonomi kan vi använda verktyg och problemlösningsmetoder för moralfrågor och 
vi behöver träna oss i hur vi använder autonomi för att fatta beslut. Likväl som ny 
teknik ger upphov till nya situationer kan den även hjälpa oss genom att låta oss 
skapa bättre verktyg. Verktyg som gör det lättare att använda autonomi. 
 
I det här examensarbetet har jag undersökt tre olika sätt som ett sådant verktyg 
skulle kunna fungera på genom att skapa tre olika prototyper. Prototyperna har 
sedan utvärderats för att se hur mycket de stödjer oss i att använda autonomi för 
att lösa moraliska problem. 



Förord 
 
Det här examensarbetet har utförts vid Avdelningen för visuell information och 
interaktion på Institutionen för informationsteknologi på Uppsala Universitet. 
 
Handledare och ämnesgranskare har varit Iordanis Kavathatzopoulos. 
 
Jag vill uttrycka ett stort tack till Iordanis Kavathatzopoulos som inte bara varit 
handledare och ämnesgranskare utan som även utgjort ett stort stöd i from av 
diskussionspartner och bollplank för mina idéer för de kriterier som utgör grunden 
för detta arbete samt för utformandet av prototyperna. Det är även Iordanis 
Kavathatzopoulos forskning som till en stor del ligger som grund för den teori jag 
har baserat mitt arbete på. 
 
Jag vill även uttrycka ett tack till de andra på dåvarande avdelningen för 
Människa-datorinteraktion vid Institutionen för informationsteknologi, samt till 
Mikael Laaksoharju som gjorde sitt examensarbete samtidigt som jag påbörjade 
mitt.  
 
 
Uppsala januari 2015 
Christian Rick 
 
 



 1 

Table of contents 
 
1 Ethical Decision Making ........................................................................................... 3!

1.1 Delimitations ....................................................................................................... 7!
1.2 Changes ............................................................................................................... 7!

2 Theory of Autonomy and Heteronomy ..................................................................... 9!
2.1 Heteronomy ......................................................................................................... 9!
2.2 Autonomy .......................................................................................................... 10!
2.3 Ethical competence ........................................................................................... 11!

3 Procedure ................................................................................................................. 12!
3.1 Stage one, the criteria ....................................................................................... 12!
3.2 Stage two, prototypes ....................................................................................... 13!
3.3 Stage three, conclusion ..................................................................................... 14!

4 Criteria for promoting autonomy ............................................................................ 15!
4.1 Promoting autonomy ........................................................................................ 15!
4.2 Soundness of moral arguments ......................................................................... 17!

5 Test of the criteria for promoting autonomy ........................................................... 20!
5.1 Evaluation of Project Planning Software ........................................................ 20!
5.2 The application .................................................................................................. 21!

5.2.1 Step 1: Project info ..................................................................................... 21!
5.2.2 Step 2: Stakeholders .................................................................................. 21!
5.2.3 Step 3: Tasks .............................................................................................. 21!
5.2.4 Step 4: Analysis .......................................................................................... 22!

5.3 Evaluation .......................................................................................................... 22!
5.3.1 Conformity with the criteria (first revision) ............................................. 22!

5.4 Discussion ......................................................................................................... 24!
5.5 Revision of the criteria ...................................................................................... 25!

6 Prototypes ................................................................................................................. 26!
6.1 The first prototype ............................................................................................ 27!
6.2 The second prototype ........................................................................................ 31!
6.3 The third prototype ........................................................................................... 38!

7 Results ...................................................................................................................... 47!
7.1 Summary ........................................................................................................... 47!
7.2 Evaluation of the first prototype ...................................................................... 48!

7.2.1 Conformity with the criteria ...................................................................... 48!
7.2.2 Discussion .................................................................................................. 49!

7.3 Evaluation of the second prototype .................................................................. 50!
7.3.1 Conformity with the criteria ...................................................................... 50!
7.3.2 Discussion .................................................................................................. 52!

7.4 Evaluation of the third prototype ..................................................................... 53!
7.4.1 Conformity with the criteria ...................................................................... 53!
7.4.2 Discussion .................................................................................................. 56!

8 Conclusion ................................................................................................................ 58!
9 References ................................................................................................................ 64!
10 Appendix ................................................................................................................ 66!

10.1 Appendix contents .......................................................................................... 66!
10.2 Wireframes for the first prototype ................................................................. 67!



 2 

10.3 Wireframes for the second prototype ............................................................. 69!
10.4 Wireframe for the third prototype ................................................................. 73!
10.5 Screenshots from the first prototype .............................................................. 79!
10.6 Screenshots from the second prototype ......................................................... 84!
10.7 Screenshots from the second prototype ......................................................... 88!



 3 

1 Ethical Decision Making 
 
The terms “tool for ethical decision making” and “ethical decision making system” 
are used interchangeably in this thesis with no distinction between them. 
 
The distinction between morals and ethics are generally defined as ethics being the 
set of principles or rules of conduct for a given context and moral being the 
application of ethics by a person. In this thesis ethical are used to describe the 
(abstract) process of moral reasoning, the system of principles used for moral 
reasoning, or the ethical philosophy behind the moral reasoning. Thus a tool for 
making moral decisions is referred to as a tool for ethical decision making. Moral 
are used to describe the practice of ethics by an user, and making a moral decision 
to refer to the user applying ethical decision making to come to a conclusion.  
 
The term moral problem is used to denominate a problem regarding either ethics, 
morals or both. 
 
The term problem space or moral problem space is used to describe the moral 
problem in its totality. The problem space is the mental representation of the 
problem that the decision maker will explore to come to a decision for a possible 
solution. Including but not limited to; the decision maker’s knowledge regarding 
the problem, the problem context, constraints on solving the problem, the initial 
state of the problem, the intermediate states of the problem and finally the goal 
state of the problem. 
 
In normal everyday life we often use the principle of heteronomy to make moral 
decisions. This avoids burdening our conscious minds with deciding a correct 
action in situations that are more than often familiar to us. Without giving much 
thought to why we give our seats in public transportations to senior citizens and to 
people in more need of them than ourselves. We do not steal and in most situations 
we attempt to be polite to each other. We can trace most of these principles of 
conduct to laws governing our society, codes of conduct that we have been raised 
believing in, and a collection of moral knowledge based on our previous decisions 
and their implications.  
 
This use of our totaled collected moral knowledge does in no way hinder us, or 
make us decide on the wrong actions. In everyday life they serve us well and relieve 
us from always having to use moral reasoning in every situation no matter how 
trivial they might be. This way of handling moral problems is known as 
heteronomy. 
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If we go from everyday life to professional life we can observe that our underlying 
moral knowledge does not always map to the new situations that arise. Add to this 
the benefits of Information Technology, such as new ways of near instant or instant 
communications, the ability to easily communicate with large groups of people, 
massive storage space, and the speed of information processing. This leads to our 
world being in a state of flux, constantly giving rise to new and unexpected moral 
problems that we cannot deal with satisfactory using heteronomy. We cannot take 
for granted that we have previous moral knowledge or a moral authority to turn to 
for guidance. In organizations we also need to be able to explain and justify our 
choices when making decisions. We need an autonomous approach to our moral 
problem solving. 
 
The ethical skill of autonomy is to be unconstrained by moral fixations, authorities, 
uncontrolled reactions, and to systematically and critically analyse the moral 
problem at hand in regard to the different interests and values involved (Piaget, 
1932). 
 
Education can help increase the ethical competence and moral awareness in a 
person by training the decision maker in disregarding moral fixations and 
automatic reactions, and instead solving the problem using critical thinking and 
consideration of all values, interests, feelings, duties, needs, and beliefs of all those 
somehow involved (Kohlberg, 1985; Kavathatzopoulos, 2004). 
 
Apart from education various support systems can be used to solve moral problems 
much in the same way as with normal problem solving. Some of these methods and 
tools could be suitable for computerization, creating a moral computer not as a 
moral authority or a set of guidelines but as an application that guides the user in a 
process of autonomy, thus helping the user to make autonomous decisions. Perhaps 
most notably such a system could be of great help to IT professionals whose actions 
and decisions not only have great impact on their client organizations but who 
more often than not, much due to the technical nature of their education, have low 
ethical competence as well (Kavathatzopoulos, 2012; Kavathatzopoulos, 2003). 
 
Basing such a support system for ethical problem solving on the theory of 
autonomy implies that the system must not in any way act as a moral authority or 
present the user with a prefabricated set of rules. The system should instead 
support the user in a process of autonomy, helping to make autonomous and well 
informed decisions. 
 
As a moral decision maker it is important to be able to argue for and ratify your 
decisions since moral decision making deals with softer values than traditional 
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decision making. You will not have the ability to lean on numbers, reports, or hard 
cold facts and there will most likely be no optimal solution. Instead you must be 
able to argue for your decision and be able to ratify it. You must convince those 
affected by your decision that it was the best possible given the known facts. To do 
so you must conduct a thorough analysis of the moral problem and this means 
using autonomy to solve it. Since the essence of moral problem solving will remain 
the same whether using old fashioned analog tools and methods or using 
computerized support systems you will still need to be able to argue for your 
decision and to ratify it for those affected by it. Therefore it is my belief that that 
for a computerized tool to fulfill it’s use and be effective we should take an 
approach to ethical problem solving in not focusing on the moral values involved 
but rather on the principles of autonomy and how we make moral decisions.  
 
In this thesis I will attempt to construct a prototype of such a system and verify its 
validity in regard to the principle of autonomy. 
 
There have been more or less successful attempts of creating ethical decision 
making tools, notable are the three applications Project Planning Software 
(Gotterbarn and Rogerson, 2002), Resolvedd, and Paramedic (Gotterbarn, 2002). 
These three applications are quite stereotypical for ethical decision making tools in 
that they focus not on supporting the user in autonomous decision making but 
rather on specifying a set of moral values that the possible solutions later are 
weighted against during a risk analysis step. While this has its merits it is another 
way of relying on heteronomy by elevating the moral decision making tool to a 
moral authority.  
 
It is the purpose of this thesis to examine the validity of a computerized tool for 
supporting professionals in ethical decision making. Three main approaches to 
designing a computerized tool for supporting ethical decision making were 
prototyped, tested and evaluated.  
 
The first approach is a direct computerization of the autonomy matrix tool from the 
Autonomy method as described by Kavathatzopoulos (Erlandsson and 
Kavathatzopoulos, 2005; Kavathatzopoulos, Persson and Åborg, 2002; 
Rauschmayer, Kavathatzopoulos, Kunsch and Le Menestrel, 2009). The autonomy 
matrix tool from the Autonomy method consists of structuring the moral problem 
with relevant values and interests as rows in a matrix. The matrix’s columns consist 
of the considered actions/solutions for the problem. For each value-action pair the 
impact, both negative and positive, of the action in regard to the value is noted. The 
hypothetical computerization of the autonomy method consists of an application 
containing groups of such matrices representing different stakeholders interests 
and functions for managing values and actions.  
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The second approach uses the computer’s ability to hide for the moment non-
relevant information. The same structure is used as for the first prototype but 
instead of having the user fill in the impact of each action on each value in a matrix 
cell the user has a dialog with the computer by entering stakeholders along with 
relevant values and actions. When the user has finished exploring the problem 
space the application iterates over the gathered information prompting the user to 
enter the impact of each action on each value.  
 
Both these two approaches structure the moral problem in two dimensions, pairing 
actions and solutions against values and interests. Neither of these two approaches 
uses the full power a computerized tool can offer. The third approach uses the 
computer’s ability to manage advanced data structures by letting the user structure 
the moral problem in multiple dimensions. Using a visual canvas the user can 
literarily draw the moral problem by specifying stakeholders and the relationship 
between these. Relations between stakeholders can be; what moral obligations they 
have, what rules they must follow, and what interests or values they possess. 
Relations can be one-directional only affecting one of the stakeholders involved, or 
bi-directional affecting both stakeholders. When the moral problem has been 
explored the application lets the user specify possible actions or solutions and then 
requires the user to specify the impact these have on the stakeholders and their 
interests, values and obligations.  
 
Prototypes for these software applications were developed in this study. The 
prototypes were then tested against certain criteria to evaluate if they support the 
principle of autonomy. Each prototype was also tested to see if the computerized 
tool provides any benefit over the corresponding pen and paper method, if such a 
method is available. 
 
To evaluate the prototypes a set of six criteria were created based on the 
description of the ethical skill of autonomy as defined as to be unconstrained by 
moral fixations, authorities, uncontrolled reactions, and to systematically and 
critically analyse the moral problem at hand in regard to the different interests and 
values involved (Kavathatzopoulos, 2005). In addition, in order to be able to 
motivate and argue for a moral decision there must be a logically sound and 
consistent argument for why the decision was the best possible among many 
alternative solutions (McFarland, 1990). Combining these two statements the set of 
six criteria for ensuring autonomy can be seen. These criteria for ensuring 
autonomy are as stated below.  
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Criteria for promoting autonomy 
1. not present a readymade set of moral principles and values,  
2. force the user to motivate his or her decisions in regard to the relevant 

interests and values, 
3. help the user to systematically explore the moral problem at hand, 
4. help the user to be unconstrained by moral fixations and authorities, 
5. help the user to organize and analyse the facts,  
6. help the user to weight relevant values and principles against each other in 

both positive and negative aspects. 
Table 1: The criteria 
 

1.1 Delimitations 
This thesis only investigates the feasibility of an ethical decision making system 
software in accordance with the description of the ethical skill of autonomy. The 
evaluations does not take the respective prototypes usability, as defined by “the 
extent to which a product can be used by specified users to achieve specified goals 
with effectiveness, efficiency, and satisfaction in a specified context of use”, in 
consideration.  
 
As a further interest for developing a real usable ethical decision making system 
software the usability of the system should be thoroughly reviewed along with 
consideration for the finished software’s complete user experience. The usability of 
the software will be a key factor to whether it will be successful in complementing 
ethical training to support decision makers in making well informed autonomous 
moral decisions. 
 
Neither has the goal with this thesis been to create a finished working ethical 
decision making system software, but rather prototypes of such a system that can 
be tested and evaluated. 
 

1.2 Changes 
This thesis has undergone a few changes since I wrote the initial specification in 
2006. The core of the specification remains the same, the goal of the thesis is still to 
create a set of guidelines for how a computerized tool for ethical decision making 
should promote the ethical skill of autonomy, to create a prototype of such a tool 
and to evaluate that the prototype promotes autonomous decisions and if so 
whether it provides any benefit over the analog method.  
 
What have changed during the time I have been working on this thesis is the 
method for which the prototype is created. My initial plan was to use Java and 
RAD development tools to create a working interactive prototype. This changed 
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during the first weeks of working with the prototype when I discovered the extra 
time and effort this approach demanded. I formulated a new plan to use Adobe 
Flash along with pen & paper prototyping for what had now grown to be three 
different prototypes. When I after a hiatus of a few years started working on this 
thesis again in 2014 I did a new revision of the technologies used for creating the 
prototypes and reimplemented the interactive prototypes using HTML5 and 
JavaScript, and the pen & paper prototypes using the digital sketching tool 
Balsamiq. 
 
The prototypes evaluated are implemented in HTML5 and JavaScript, and are 
based on the non-interactive Balsamiq sketches that I made from my initial 
sketches along with the first iterations of the prototypes. 
 
Other than the method for implementing the prototypes everything is the same, 
obviously apart from the original time plan.  
 



2 Theory of Autonomy and 
Heteronomy 
 
The theoretical foundation for this thesis circles around the concepts of ethical 
competence and the two ethical skills of autonomy respectively heteronomy. 
Autonomy and heteronomy describe the psychological process of moral reasoning 
on a scale ranging from rational reasoning to dogmatic fixations. Heteronomous 
reasoning is about trusting your gut feeling, trusting in authority, or using moral 
principles to solve a moral problem. Responsibility for the decision and outcome 
often lies outside of the decision maker or is the consequence of general conditions. 
On the other hand, using autonomous reasoning is to critically examine the 
problem and all possible solutions, taking into consideration all relevant values and 
interests. Using the ethical skill of autonomy is to always question not only your 
own decisions and motives, but also the soundness of your analysis; have I 
identified all the stakeholders, do I understand their values and interests, are my 
reasoning and my motivations sound. Both heteronomy and autonomy are ethical 
skills each with their own unique applications. Neither heteronomy nor autonomy 
can be said to take precedence over the other for sound moral reasoning, and most 
people tend use both ways of solving moral problems depending on the context and 
severity of the issue at hand. Ethical competence comes from moral awareness, 
ethical knowledge and the ability to freely, depending on the problem and context, 
choose between autonomy and heteronomy. Thus applying the most suitable ethical 
skill and method to a given moral problem in a known context (Kavathatzopoulos, 
2012). 
 

2.1 Heteronomy 
With descriptions such as dogmatic fixations, emotional, and uncontrolled thinking 
it is easy to assume that heteronomy is something bad, something that should be 
avoided when solving moral problems. At first glance this might appear true, but if 
we delve deeper into what heteronomy is we can easily find situations where the 
heteronomous way of solving a moral problem is preferred. Heteronomy comes 
from relying on moral authorities, adhering to moral principles, following our 
feelings, or following simple moral reflexes. With heteronomy there is no doubt 
about the decision, outcome, or motivation. Heteronomy gives us a way to quickly 
and without significant mental load come to a quick decision regarding a trivial 
moral problem, or to apply previous experience as a solution template for the 
current situation. Our first instinct is often to use heteronomy as an automatic 
reflexive response for handling the moral issue, either by relying on authority or 
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one’s feelings. For most trivial situations this is a good thing since we do not have to 
be hindered by always having to reason our way to each and every decision we 
make in every day life. For example; most of us does not steal, we do not use 
violence, and we give our seats to the elderly or disables when using public 
transportation. These things are intrinsic to who we are and to how we behave in 
society. For these simpler issues where we can apply previous knowledge or where 
society or context expects a certain behavior heteronomy serves us quite well. 
 
Heteronomy is not without dangers though. Since it provides us with a fast track to 
coming to a decision it can hinder our ability to critically think about and analyse a 
moral problem. When we scale up the severity of the moral problems we are faced 
with this becomes an increasingly hindrance to our ability to solve them in a 
appropriate manner. Relying on dogmatic fixations causes us to not take every 
relevant value and interest into consideration. By doing so we also hold our own 
moral fixations or principles higher than the other stakeholders’ interests. 
Dogmatic fixations also causes us to fail in properly motivating our decisions since 
dogmatic fixation can not be ratified. Adherence to a moral authority impedes our 
ability to rationally examine and solve a problem by laying both the responsibility 
and the decision on an external part. Moral authority can most certainly be a part 
of the reasoning behind a rational moral decision, but automatic obedience can not. 
(Kavathatzopoulos, 2012).  
 

2.2 Autonomy 
The ethical skill of autonomy is defined as the ability to be unconstrained by moral 
fixations, authorities, uncontrolled reactions, and to systematically and critically 
analyse the moral problem at hand in regard to the different interests and values 
involved (Piaget, 1932; Kavathatzopoulos, 2005; Kavathatzopoulos, 2012). 
 
Thus a person who is using autonomy for making moral decisions is unconstrained 
in: thinking about, reasoning about, and analysing moral problems. The moral 
decision maker using autonomy explores the moral problem rationally, identifies 
stakeholders, values and interests without special regard to moral authorities, 
principles or rules. Neither does the moral decision maker rely on moral fixations, 
automatic reactions or feelings when reasoning about the moral problem. Every 
part of the moral problem, from identification of stakeholders to the final decision, 
comes from a rational decision making process. Values and interests are weighted 
against each other, possible solutions are explored, and every decision is motivated 
and ratified. It is important to note that when using autonomy both the positive and 
negative aspects of the solutions are to be explored, thus giving a more complete 
picture of the strengths and weaknesses of each solution than what focusing on the 
positive or negative aspects alone can provide. 
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Autonomy is also uncertainty; have we identified every stakeholder, have we taken 
every value and interest into regard, are our reasoning sound and consistent with 
the facts? Having faith in ones moral competence and ability to use autonomy 
alleviates some of our concerns, but should never remove them altogether. Doing 
so would having us risk slipping into a heteronomous mode of problem solving by 
having us neither question nor critically examine our reasoning. Neither can 
autonomy give us complete confidence in our decisions, instead it gives us the 
necessary tools for analysing and solving moral problems to the best of our abilities.  
 
So why is autonomy so important when handling complex moral problems? 
Traditional decision making comes from optimization. Complex issues are analysed 
and the utility of each option is calculated, the option with the highest utility 
becomes the optimal decision. This model does not work well with moral problem 
solving because even the simple issue of calculating utility becomes intangible since 
the notion of right or wrong comes from the moral context and are often conflicting 
between the opinion of different stakeholders. Autonomy does therefore not focus 
on the actual decision making, but rather on the continuous and exploration of all 
relevant sides of the moral problem being solved. An autonomous decision is 
therefore well informed and rational, with regard taken to every relevant value and 
interest. That does not say that the solution must be to everyone’s benefit or even 
just, even though it must be rectifiable. 
 

2.3 Ethical competence 
Ethical competence stem from moral awareness, ethical knowledge, and the ability 
to apply moral problem solving methods to a moral problem. Ethical competence 
does thus provide the moral decision maker with the capacity to adapt and to apply 
a suitable moral methodology to the current moral issue. Therefore ethical 
competence does not always equate to using autonomy, but rather to know when to 
use it and to what degree. Ethical competence also helps the moral decision maker 
to differentiate between doing what feels to be right and applying a moral decision 
making method to solve the moral problem. The decision maker’s own ethical and 
moral skills are also paramount to ethical competence since moral awareness comes 
from the ability to recognize and understand moral issues in a given context 
(Kavathatzopoulos, 2012).  
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3 Procedure 
 
This thesis is mostly theoretical and the procedure reflects this by having an 
emphasis on the theoretical foundation. The goal of the thesis is to explore whether 
there is merit to a computerized tool for supporting moral decision making, and to 
investigate if different approaches to supporting the decision maker in making 
moral decisions can promote more or less autonomy in the decision making process. 
The theoretical basis for the exploration is to be founded on an amalgamation of 
different scientific articles, with the emphasis on the theory of autonomy.   
 
The exploration and investigation is divided into tree different stages. The first 
stage sets the theoretical foundation for evaluating wither a computerized support 
system for moral decision making can be said to promote autonomy in the decision 
maker. This will be done by formulating a set of criteria that a computerized 
support system for moral decision making should adhere to for it to promote 
autonomy in the decision maker. The second stage set out to construct prototypes 
for three different approaches to constructing a computerized tool for moral 
decision making. Each prototyped approach adds an extra layer of computerized 
support for the decision maker, starting with a direct computerization of an existing 
pen and paper tool, and ending with a completely novel tool that has no analog 
equivalent. Each prototype will be evaluated against the criteria from the first 
stage. The third and final stage sets out to draw a conclusion from the evaluations 
of the three different approaches, and aims to both give an answer to the question 
whether a computerized support system for moral decision making has merit and to 
give a general indication to which approach or approaches that should be further 
explored. 
 

3.1 Stage one, the criteria 
The goal of the first stage of the exploration is to compile the theoretical 
foundation, and to create a set of criteria that a computerized tool for moral 
decision making should adhere to for it to be said that it supports and promotes 
autonomy in the moral decision maker. The criteria are to be based on the 
theoretical foundation for this thesis and should fulfil the following rules. 
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The criteria should 
1. be based on the theoretical foundation in the theory of autonomy, 
2. be general in the regard that they should be easily applied, 
3. be general in the regard that it should be easy to verified that a tool supports the 

criteria, 
4. not infer any design decisions on the tool. 
 
The main purpose of the criteria is to give a general set of guidelines for how a 
computerized tool for moral decision making should work, and to allow the 
evaluation of such a tool to verify that it supports autonomy in the moral decision 
maker. The criteria should not infer any design decisions or in any way specify how 
the tool should accomplish supporting autonomy in the moral decision maker. This 
last part is important since solving a problem, or part of a problem, beforehand can 
act as a serious constraint not only on creativity in designing and implementing a 
software application but can also in this case prevent the exploration of different 
ideas and approaches to designing and creating the desired tool (Laaksoharju, 
2014).  
 
Before continuing to the second stage the criteria will be tested by evaluating 
Project Planning Software, a software application for risk analysis developed at 
East Tennessee State University under the supervision of Donald Gotterbarn and 
Simon Rogerson. The criteria will then be revised using the lessons learned from 
this test evaluation. The final set of criteria will then be used for the evaluations in 
the second stage. 
 

3.2 Stage two, prototypes 
The purpose of the prototypes from the second stage is twofold. The prototypes 
will provide a practical help for evaluating the different approaches against the 
criteria. The evaluations of the prototypes will also serve to give an indication to 
which approach or approaches that have the most merit for further development. 
As previously stated the goal of this thesis is not to construct a finished 
computerized tool for moral decision making, and the purpose of each prototype is 
to test and verify whether the approach to creating a tool for moral decision making 
a) has merit and b) gives any benefit over an equivalent analog tool. The 
approaches that will be tested are; a direct computerization of an analog tool, a 
computer assisted version of a computerization of an analog tool, and a completely 
novel computerized tool for moral decision making that has no apparent analog 
equivalent. Each prototype should therefore not be considered as the best possible 
solution, or the only solution. The prototypes will instead serve to test how 
different amounts of computer assistance in a tool can help promoting autonomy in 
the moral decision maker. 
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The prototypes will be implemented as interactive high-fidelity prototypes using 
modern web based technologies that can be accessed with a standard web browser. 
The prototypes will have enough functionality to provide the user with an as close 
as possible approximation of the theoretical real software application. The 
prototypes will not contain any functionality for storing or retrieving analysed 
moral problems. The functionality for each prototype will not necessarily be 
complete, but will have adequate functions to allow evaluation of the prototype. 
 
Each prototype will be implemented using the knowledge gained by implementing 
the previous prototypes, along with the knowledge gained by the evaluation and 
conclusions for the previous prototypes. 
 
The first two approaches tested will be based on the autonomy matrix tool from the 
Autonomy method as described by Kavathatzopoulos (Erlandsson and 
Kavathatzopoulos, 2005; Kavathatzopoulos, 2009; Rauschmayer et al, 2009), with 
the first prototype being a direct computerization of the autonomy matrix and the 
second prototype being a computer assisted version of the same tool. The third 
prototype will be a completely novel approach that has no direct analog equivalent. 
This approach will greatly expand on the computer assisted part of the tool using 
the computer’s ability to manage and visualize information to the benefit of the 
moral decision maker. 
 
Each prototype will be evaluated against the criteria to investigate if they a) 
support autonomy in the moral decision maker, and if applicable b) wither they 
provide any benefit over the analog equivalent. The evaluations will provide an 
answer to if the respective approaches have any merit in regard to promoting 
autonomy in the moral decision maker, and give an indication if any or all of the 
approaches should merit further interest and development.  
 

3.3 Stage three, conclusion 
The evaluations will provide the foundation for a discussion of the merit of each 
approach and a conclusion about if it is, on a theoretical basis, possible to create a 
computerized tool for moral decision making and the merit of different levels of 
computer assistance in such a tool. In addition the conclusion will give a general 
direction for further investigation and development. 
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4 Criteria for promoting autonomy 
 
A set of six criteria were developed in accordance with the description of the ethical 
skill of autonomy as defined as to be unconstrained by moral fixations, authorities, 
uncontrolled reactions, and to systematically and critically analyse the moral 
problem at hand in regard to the different interests and values involved 
(Kavathatzopoulos, 2005; Rauschmayer, Kavathatzopoulos, Kunsch, and Le 
Menestrel, 2009; Kavathatzopoulos 2012). Further, in addition a logically sound 
and consistent argument for why the decision was the best possible among many 
alternative solutions must exist to motivate the decision (McFarland, 1990).  
 
The purpose of these criteria are to ensure that a computerized system for ethical 
decision making promotes autonomy in the moral decision maker, thus helping him 
or her to make a well informed decision. The criteria were later used to evaluate if 
the three prototypes developed support the moral decision maker in making 
autonomous decisions when solving moral problems.  
 

4.1 Promoting autonomy 
The ethical skill of autonomy is to be unconstrained by moral fixations, authorities, 
uncontrolled reactions, and to systematically and critically analyse the moral 
problem at hand in regard to the different interests and values involved. A 
computerized system promoting autonomy in ethical decision making must 
therefore help the user not only to analyse and solve the moral problem at hand but 
do so in such a way that it ensures that the user in addition to being unconstrained 
by moral fixations and authorities does not apprehend the system as an authority 
and by doing so slips in to a heteronomous way of thinking. The system must not in 
any way provide the user with readymade set of fixated moral values or moral 
principles. It should force the user to rationally explain and document his or her 
decisions and to question their soundness. The system should ensure that all 
relevant values are taken into consideration, and help the user to explore what 
impact the possible solutions to the problem have on the relevant values. 
 
One can so far from these facts draw the conclusion that a computerized system for 
ethical decision making promoting autonomy should conform to the following 
criteria: 
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1. not present a readymade set of moral principles and values, 
2. force the user to explain his or her decisions in regard to the relevant interests 

and values, 
3. help the user to systematically explore the moral problem at hand, 
4. help the user to be unconstrained by moral fixations and authorities. 

 
Not present a readymade set of moral principles and values implicates that the 
system should not contain any moral values, codes of conduct, or rules that the user 
applies to the following analysis of possible solutions to the moral problem. Along 
with the last criteria, help the user to be unconstrained by moral fixations and 
authorities, it also infers that the system should not do any calculations based on 
moral values, codes, or rules since letting the system do these calculations would 
risk having the user regard the system as a moral authority and thus relying on the 
system’s calculations for making the final decision. This goes for both readymade 
moral principles and values as for moral principles and values given by the user if 
applicable. 
 
Forcing the user to explain his or her decisions in regard to all relevant interests 
and values form the bases for a good analysis of the possible solutions for the moral 
problem. Care must be taken to ensure that the user does not perceive the 
obligation to explain his or her decision in regard to the relevant interests and 
values as cumbersome. Should the user perceive the system as cumbersome there is 
a risk that the user skips parts of the ethical problem solving process in order to 
escape the cumbrous explanations. Forcing the user to explain his or her decisions 
in regard to all relevant interest and values should instead go hand in hand with the 
third criteria, to help the user to systematically solve the moral problem at hand, by 
providing an efficient process for analysing the possible solutions and motivating 
the solution decided upon. 
 
Helping the user to systematically explore the moral problem implies that the 
system should help the user gather relevant information about the problem, 
including but not limited to; relevant solutions, stakeholders, relations, values, 
interests, codes, rules, and laws. The system should help the user organize the 
gathered information in a way that lets the user efficiently explore the problem 
space. The system should also in an extension help the user analyse the possible 
solutions and weigh both the positive and negative aspects of the relevant values, 
interests, codes, rules, and laws against each other in order to find the for the 
context best possible solution. The emphasis should be on helping the user by 
providing a method for exploring and analysing the problem space, and thus 
promoting autonomy. Regard must be taken so that the user does not rely too much 
on the system and by doing so falls to a heteronomous way of solving the moral 
problem. It should be noted that there is a thin line between supporting the user in 
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weighting relevant values, interests, codes, rules, and laws against each other and 
having the system perform calculations of utility that should not be crossed for the 
risk of having the user perceive the system as a moral authority. 
 
Helping the user to be unconstrained by moral fixations and authorities will be one 
of the key points in creating a successful computerized tool for ethical decision 
making in accordance with the ethical skill of autonomy. If there is a risk that the 
user can perceive the system as a moral authority the risk exists that the user will 
fail in coming to a well informed autonomous decision and instead relying on the 
system to make the decision for him or her.  
 

4.2 Soundness of moral arguments 
In order to be able to motivate and argue for a moral decision one must have a 
logically sound and consistent argument for why the decision was the best possible 
among many alternative solutions. McFarland (1990) writes that a valid ethical 
argument, like any other argument, must be: 
 
1. consistent with the facts, 
2. reasonable and logically consistent, 
3. based on sound principles and uphold the highest good. This requires the ability 

to prioritize values, 
4. universializable. 
 
There is a fine line between accomplishing this while still promoting autonomy and 
taking responsibility away from the user thus promoting heteronomy. The system 
must therefore not do any computations or logical reasoning for the user, doing so 
would take responsibility away from the user and let the system become an 
authority that the user can rely on for answers. If we look at what computers are 
good at we find that, other than computing, they are superb at organizing and 
presenting information. Thus, to ensure that an argument is ”consistent with the 
facts” and ”reasonable and logically consistent” we can help the user by organizing 
the different interests and values involved and in doing so helping the user taking 
into account all the facts when making the decision. Doing so does not conflict with 
any of the previous criteria for promoting autonomy. 
 
An argument being ”based on sound principles and upholding the highest good” 
implies that we are working with a fixed set of moral values and moral principles. 
This is not compatible with the criteria since the risk of inducing heteronomy by 
letting the user avoid responsibility by relying on the given moral principles is high. 
What we instead should look for is a way to help the user deduct the ”highest good” 
by weighting the relevant values against each other in both positive and negative 
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aspects thus helping the user to prioritize among the different actions possible. This 
goes with helping the user organizing the involved values in such way that he or 
she can weigh the different values and their effects against each other. This ”highest 
good” must not be interpreted as maximizing the utility or any other normative 
ethical imperative, it should be considered as finding the best possible solution to 
the problem in the given context. 
 
The last of McFarlands conditions states that an ethical argument must be 
universalizable. Because of the difficulty involved in deducing general moral 
principles, not least in our fast and ever changing world, the act of requiring the 
argument to be universalizable might not be as important as it is in more general 
normative ethics and moral philosophy. Since the decision will be made by 
weighting different perhaps conflicting values and principles it might not be 
possible to achieve a result that is universalizable since the context of the problems 
might not be the same even if the analyses looks similar. Striving to force the user 
to find such a universalizable solution might not produce the best result for the 
current problem in the given context. The system should by all means prompt the 
user to motivate all his or her decisions and so ensure that no moral fixations or 
other irrelevant feelings or opinions take precedence. This is basically the same as 
the second criteria, making no addition to the list of criteria necessary. 
 
Combining these statements with the first draft of the criteria results in the 
conclusion that a computerized system promoting autonomy should conform to the 
following statements: 
 

1. not present a readymade set of moral principles and values,  
2. force the user to motivate his or her decisions in regard to the relevant 

interests and values, 
3. help the user to systematically explore the moral problem at hand, 
4. help the user to be unconstrained by moral fixations and authorities, 
5. help the user to organize and analyse the facts,  
6. help the user to weight relevant values and principles against each other in 

both positive and negative aspects. 
Table 2: The criteria 
 
The six criteria together specify how a digital tool for ethical decision making 
should support the user in solving a moral problem while promoting autonomy. 
None of the criteria directly declares how the tool should help the user to come to a 
decision, but added together they form the basis of the steps needed for making a 
well informed autonomous decision.  
 
In addition to the six criteria above a seventh criteria was used during the 
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evaluation of Donald Gotterbarn’s and Simon Rogerson’s Project Planning 
Software, namely that the system should not allow the user to use the system as a 
moral authority. This seventh criteria encompasses the purpose of the six following 
and remaining criteria and was therefore dropped since it does not add any 
additional benefit. For a further analysis and discussion of why this change was 
made se the next chapter, “Test of the criteria for promoting autonomy”. 
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5 Test of the criteria for promoting 
autonomy 
 
To test and refine the first version of the criteria the software application Project 
Planning Software was evaluated. Apart from creating a base line for the future 
evaluations of the three prototypes the results were used to validate that the criteria 
worked, and in some parts revise them to better reflect their purpose and meaning. 
The revised criteria were then used for the remaining evaluations. 
 

5.1 Evaluation of Project Planning Software 
Project Planning Software (PPS for short) is a software application for risk 
analysis developed at East Tennessee State University under the supervision of 
Donald Gotterbarn and Simon Rogerson (Gotterbarn and Rogerson, 2002). The 
evaluation of PPS focused on the moral problem solving qualities of the application 
in regard to the principle of autonomy.  The evaluation was made by testing if PPS 
adheres to the criteria for promoting autonomy, thus determining if it promotes 
autonomy in the decision making process or not. 
 
PPS was evaluated using the first revision of the criteria. The big difference 
between the first and the final revision of the criteria is the inclusion of a seventh 
criterion, “not allow the user to use the system as a moral authority”, in the first 
revision. This criterion was later dropped from the final revision of the criteria 
since it encompassed all the other criteria and did not add anything new to the 
evaluation. The other revision that was made was to change the wording of the 
criterion “help the user to systematically solve the moral problem at hand” to “help 
the user to systematically explore the moral problem at hand” to better reflect the 
original purpose with the criterion and to differentiate it from the criterion “help 
the user to organize and analyse the facts”. The first revision of the criteria as used 
in this evaluation are presented below. 
 
The criteria used to evaluate PPS were: 
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1. not allow the user to use the system as a moral authority, 
2. not present a ready made set of moral principles and values, 
3. force the user to motivate his or her decisions in regard to the relevant interests 

and values, 
4. help the user to systematically solve the moral problem at hand, 
5. help the user to be unconstrained by moral fixations and authorities, 
6. help the user to organize and analyse the facts, 
7. help the user to weight the relevant values and principles against each other in 

both positive and negative aspects. 
Table 3: The first revision of the criteria 
 

5.2 The application 
Project Planning Software uses a four step method for collecting stakeholders, 
collecting tasks, and analysing the possible moral problems that can occur. The 
steps are Project info, Stakeholders, Tasks, and Analysis. During each step 
information is collected, and after the fourth step the user can create reports of the 
entire analysis or a report on a specific task or stakeholder. The method is centred 
on a project, which is the context for the analysis. 
 

5.2.1 Step 1: Project info 
During the fist step the user is prompted to enter a project name, username, 
password, and an ending date for the project. There is also an option of writing a 
note for the project. When a project is started the user can modify or add moral 
principles, questions, stakeholder roles, and verbs that will be used later during the 
analysis. The application has a ready made given set of moral principles and 
questions that can not be removed or altered. The user is free to add new moral 
principles and questions of his or her own. 
 

5.2.2 Step 2: Stakeholders 
The second step consists of adding stakeholders and assigning roles to these. As 
during the previous step there is the option of adding new stakeholder roles, but 
this time the way of doing so have changed since the menus differs between the 
steps. A stakeholder consists of a name and a mandatory role. No help is given to 
the user in identifying the stakeholders and there is no way to assign any other 
information to them other than name and role. As with the principles new 
stakeholder roles can be added but the roles provided by the application can not be 
altered or removed. 
 

5.2.3 Step 3: Tasks 
During step three the user adds tasks to the project. A task consists of a task name, 
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a responsible person, a start date, an end date, and a task description. The 
responsible person is arbitrary and is not connected to a specific stakeholder. As 
with stakeholders the program does not help the user in identifying the tasks. The 
user can switch between step two and three without restrictions but can not start 
the analysis step without at least one stakeholder and one task. 
 

5.2.4 Step 4: Analysis 
The forth and final step of the method is the analysis. A set of questions is iterated 
over the combinations of stakeholders and tasks. For each question the user has the 
option of voicing a concern that there might be a moral dilemma. If a moral 
dilemma might occur the user is prompted to add what concerns there might be, a 
level of criticality and a possible solution before being able to move to the next 
question.  
 

5.3 Evaluation 
The user is not given any help in identifying stakeholders, stakeholder roles, or 
tasks. The questions are bound to moral principles. As a baseline there are a set 
ready made of moral principles and questions given. These can not be edited or 
altered by the user and must therefore be considered as a minimum set of relevant 
moral principles and questions by the creators of the application. In addition to 
these the user can add his or her own moral principles and questions and edit these 
at will. Both the moral principles and questions given by the application are 
heteronomous in nature ranging from abiding to the law to following universal 
principles such as not causing damage to the nature. The user is not prompted to 
motivate why there is no reason for concern for a given question, and for those 
questions where concern might arise only a short description of the concern, an 
estimate of the level of criticality, and a short solution is necessary. No further 
analysis of the solution (or the problem) is required. While this might be 
satisfactory for traditional risk analysis it is somewhat lacking for a moral risk 
analysis. During the analysis the user is prompted to answer given questions, 
making it easy for the user to lay responsibility for the analysis on the computer 
and in essence making the computer a moral authority. 
 

5.3.1 Conformity with the criteria (first revision) 
Project Planning Software does not tell you what you should do, it does not solve 
the moral dilemmas for you and can therefore not be seen as a moral authority in 
the classical sense. But it can be seen as a moral authority in the way of that it tells 
you which moral principles that are important, and in extension gathers 
information around those moral principles. Unless you have entered your own 
principles PPS will conduct a moral analysis based around those moral principles 
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given by the application and those moral principles only. While this is far from 
promoting autonomy it is a step in the right direction from the moral computer as 
described by Winograd (1991). Since PPS can be regarded as a moral authority it 
does not fulfil the first criterion of not constituting a moral authority. 
  
The second criterion is ”not present a ready made set of moral principles and 
values”. From the first glance of PPS it is quite clear that this is exactly what the 
application does. Even if it is possible for the user to add moral principles of his or 
her own the ready made moral principles and questions can not be altered and will 
always be present. Hence, PPS does not fulfil the second criterion.  
 
PPS does force the user to motivate why a given question constitutes a concern, but 
the same is not true for why a given question does not constitute a concern. This 
focus on the negative aspects of the moral problem can be misguiding by letting the 
user of the hook too easily.  
 
The analysis step have the user focus on the possible moral dilemmas that can occur 
for each task and stakeholder, it does not provide the user with a holistic view over 
the whole problem space. PPS fulfils half of criterion three, ”force the user to 
motivate his or her decisions in regard to the relevant interests and values”, with 
the reservation that the ”relevant interests and values” are given by the program in 
the form of general principles and ready made questions. It can therefore not be 
said to fulfil the entire of the third criterion. 
 
PPS does ”help the user to systematically solve the moral problem at hand”, this 
fulfilling the forth criterion. The method used by PPS has a focus on gathering 
information and systematically go through each task iterating through the set of 
questions.  
 
Since PPS can be seen as a moral authority it can not be said that it fulfils the fifth 
criterion, to ”help the user to be unconstrained by moral fixations and authorities”. 
It also contain a ready made set of moral principles to test the given tasks against, 
thus introducing a fixation around certain moral principles given by the creators of 
the application. PPS does not therefore fulfil the fifth criterion. 
 
One thing that PPS does really well is to help the user organize and analyse 
information. From the start to the end it focuses on information gathering and 
systematic analysis of how that information affects the given moral principles. PPS 
fulfils the sixth criterion. 
 
PPS helps the user to weight the possibility of a concern given by asking a given 
question representing a given moral principle and if appropriate a given 
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stakeholder. It does not help the user to weight different relevant values against 
each other and  it can therefore not be said to fulfil the seventh criterion. 
 
Criterion Compliance 
1. should not allow the user to use the system as a moral 
authority 

No 

2. not present a readymade set of moral principles and 
values 

No 

3. force the user to motivate his or her decisions in 
regard to the relevant interests and values 

No 

4. help the user to systematically solve the moral 
problem at hand 

Yes 

5. help the user to be unconstrained by moral fixations 
and authorities 

No 

6. help the user to organize and analyse the facts Yes 
7. help the user to weight the relevant values and 
principles against each other 

No 

Table 4: The results of the evaluation. 
 

5.4 Discussion 
Of the seven first revision criteria Project Planning Software fulfils two. Given the 
assumption that these criteria presented here can be used to verify if a moral 
problem decision making system promotes autonomy, PPS can not be said to do so. 
It follows a more traditional view of ethics as a transmission of moral values, and 
makes the assumption that there exists a set of general universal moral principles 
that governs our moral reasoning.  
 
PPS helps the user to systematically structure and analyse information in regard to 
the given moral principles. It does not allow the user to decide how to structure the 
information. The analysis is based on asking questions related to specified values, if 
the user fears that a moral dilemma can occur PPS prompts him or her to specify 
what the problem is and how it can be solved. Thus, no values are weighted against 
each other. While this might be adequate for traditional risk analysis it is somewhat 
lacking in the view of moral risk analysis or moral decision making. 
 
The conclusion of this evaluation is that Project Planning Software falls short of 
being optimal for moral decision making. The main reason is that it presents to the 
user values and principles that might or might not be relevant. The decisions are 
weighted against the possibility of moral conflicts but not against other values, thus 
missing the possible moral dilemmas that may occur. 
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5.5 Revision of the criteria 
The criterion that the software application “should not allow the user to use the 
system as a moral authority” did not add any further value to the evaluation than 
what the other criteria combined already did. Especially the criterion “help the user 
to be unconstrained by moral fixations and authorities” had much of the same 
purpose and meaning but with a wider more general wording. 
 
The two criteria “help the user to systematically solve the moral problem at hand” 
and “help the user to organize and analyse the facts” were somewhat difficult to tell 
apart during the evaluation, the arguments for adherence to one of them could also 
be made for the other. Since the purpose and original meaning was that they should 
encompass different aspects of the exploration and solving of the moral problem the 
wording of the criterion “help the user to systematically solve the moral problem at 
hand” was changed to “help the user to systematically explore the moral problem at 
hand”. This change made it easier to differentiate between the purpose of the two 
criteria, the first aiming at describing the systematic exploration of the problem and 
possible solutions to the problem, and the later aiming at describing the ability to 
structure and organize the gathered information in an easy and understandable 
way. The whole purpose for using a moral decision making system is to solve the 
moral problem, to come to a conclusion. Therefore there were no loss in dropping 
the wording “to solve” from one of the criteria.   
 
The revised set of criteria is that a moral decision making system that works in 
accordance with the theory of autonomy should: 
 

1. not present a readymade set of moral principles and values,  
2. force the user to motivate his or her decisions in regard to the relevant 

interests and values, 
3. help the user to systematically explore the moral problem at hand, 
4. help the user to be unconstrained by moral fixations and authorities, 
5. help the user to organize and analyse the facts,  
6. help the user to weight relevant values and principles against each other in 

both positive and negative aspects. 
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6 Prototypes 
 
Three different approaches to creating a computerized tool for ethical decision 
making were implemented as high-fidelity prototypes, tested, and evaluated using 
the criteria for promoting autonomy. 
 
For each of the three approaches an appropriate prototype was designed. Each 
prototype was implemented first as a set of mock-up wireframes sketches 
describing the user interaction with the prototype, and later as an interactive high-
fidelity prototype. The interactive prototypes contain enough functionality to be 
tested and evaluated but are in no way to be taken for ready to use fully developed 
software applications. 
 
The approaches tested represent an evolution from; a direct computerization of an 
existing tool, a computer aided version of the same tool, and lastly to a completely 
novel tool that has no non-computerized analogue.  
 
The first prototype was based on the autonomy matrix tool from the Autonomy 
method as described by Kavathatzopoulos (Erlandsson and Kavathatzopoulos, 
2005; Kavathatzopoulos, 2012; Rauschmayer et al, 2009). The computerization of 
the autonomy matrix presents the user with an application consisting of a tabbed 
workspace with each tab representing a grouping of values. Each grouping of 
values may represent a stakeholder or any other constellation of values that belong 
together, the terminology used in the first prototype was stakeholder. Each tab 
contains a matrix with the possible actions and solutions as column headers, the 
relevant values and interests as row headers and effects of the actions on the values 
as both risks and possibilities as cell contents. The actions are global for the entire 
problem existing in all matrices, and thus adding a action adds the respective 
column to each matrix. The values are unique for each stakeholder, and adding a 
value to a matrix only adds it to the specified stakeholder’s matrix. A small 
discrepancy between the analog tool and the computerized tool is the usage of an 
tab based interface in the digital version. The decision was made to use a tab based 
interface to enable the user to work with larger datasets without excessive scrolling. 
The analog version has an similar approach by letting the user group values using 
an extra group name column before the values. 
 
The second prototype was built upon the first prototype adding additional 
functionality for information gathering and analysis along with hiding for the 
moment non relevant information from the user. The same tab-matrix application 
from the first prototype served as the base for the second prototype. Upon this a 
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layer of user interaction was added that lets the user specify stakeholders, actions, 
values, and impact of each action on each value in a dialog sequence. The user can 
freely switch between the base functionality from the first prototype, adding 
stakeholders, adding actions, adding values, and analyzing the impact of each 
action-value pairing. 
 
The third prototype takes an entirely new approach to exploring the moral problem 
space by letting the user visually draw the problem with stakeholders and relations 
between stakeholders on a canvas. Relations maps to values and can either be one-
directional implicating that the relation represents a one-sided obligation, or bi-
directional implicating the relation is mutual for both stakeholders. Stakeholders 
can also have non-relational values representing interests not directly connected to 
other stakeholders. The user adds possible solutions and outcomes for the problem 
space. The solutions and outcomes are not represented visually but are properties 
belonging to the entire problem space. When the user has finished exploring the 
problem space with specifying solutions and drawing the stakeholders, relational 
values, and non-relational values the prototype helps the user analyse the problem 
by iteration through each possible solution and each value. For each solution-value 
pairing the prototype helps the user explore the impact of the solution on the value 
by not only specifying how the solution directly affect the value but also how it 
affects the value’s relation to other stakeholders. 
 

6.1 The first prototype 
The first approach prototyped was a direct computerization of the autonomy 
matrix tool from the Autonomy method as described by Kavathatzopoulos 
(Erlandsson and Kavathatzopoulos, 2005; Rauschmayer et al, 2009; 
Kavathatzopoulos, 2012; Kavathatzopoulos, Persson and Åborg, 2002). The 
autonomy matrix tool from the Autonomy method consists of structuring the moral 
problem with relevant values and interests as rows in a matrix. The interests and 
values can be grouped together by stakeholder or any other relevant relation. This 
is done by adding a column with the group names, it’s cells spanning the rows to be 
grouped together. The matrix’s columns consist of the considered actions. For each 
value-action pair the impact, both negative and positive, of the action on the value 
is noted.  
 
The hypothetical computerization of the autonomy matrix consists of an application 
containing groups of such matrices representing different stakeholders or other 
groupings of values and interests. The possible actions and solutions are 
denominated by the matrices column headers, the relevant values and interests are 
denominated by the matrices row headers. Each cell in the matrices contains the 
effect for the action-value pair, both as risks and possibilities. The actions are 
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global for the entire problem existing in all matrices, and thus adding an action 
adds the respective column to each matrix. The values are unique for each 
stakeholder, and adding a value to a matrix only adds it to the specified 
stakeholders matrix. The application has functions for managing relevant values for 
each stakeholder, and the possible actions and solutions for the moral problem.  
 
In addition to the matrices from the autonomy method the computerization 
contains a space for writing down the problem to be solved thus combining the 
analysis method with the documentation for the problem. 
 
The first prototype was developed in two iterations. The first iteration resulted in 
wireframe sketches describing the user interface and user interaction of prototype. 
The sketches were based on the paper template for the autonomy matrix from the 
Autonomy method, with the distinction that value groupings/stakeholders were 
represented horizontally by different tabs each containing matrices instead of a 
vertical grouping of related values. The wireframe sketches are included in the 
appendix as images 1 and 2. 
 
The second iteration took the wireframe sketches and implemented them as an 
interactive HTML5 and JavaScript application. The interactive prototype contains 
basic functions for adding stakeholders, adding actions, adding values, and entering 
the impact the respective actions have on each value. The prototype comes 
preloaded with Donald Gotterbarn’s dilemma “The Captain Knows Best: a tale of 
two designs” to serve as an example. As well as being evaluated in it’s own right the 
first prototype also served as the foundation for the second prototype. 
 
The final interactive version of the first prototype can be tested in an web browser 
by going to the url http://exjobb.rick.se/prototype/1. The prototype has been tested 
and works with the browsers Google Chrome (version 36),  Safari (version 7), and 
Internet Explorer (version 11). 
 
When the user first loads the prototype a help screen is displayed that summarizes 
how to use the prototype. The image below shows the fist view the user is 
encountered by when starting the application. 
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Image 18: Screenshot 1 from the first prototype; the welcoming screen. 
 
To start using the application the user writes down a description of the moral 
problem that will be analysed. The problem descriptions only serves as an help to 
start exploring the problem and it does not contain any functionality for identifying 
stakeholders, values or actions. It would as a point of further interest be interesting 
to expand the functionality by letting the user mark stakeholders, actions and 
values from the text and populate the autonomy matrices with this information as a 
starting point for exploring the moral problem. The image below shows the 
problem description for the moral dilemma “The Captain Knows Best: a tale of two 
designs” that the prototype comes pre-loaded with. 
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Image 19: Screenshot 2 from the first prototype; the problem description. 
 
Each stakeholder is represented by a tab in the application. The user can add 
stakeholders by clicking “Add stakeholder” at the end of the tab list, and remove 
stakeholders by clicking on the “x” in the upper right corner of the stakeholder tab. 
The autonomy matrix of newly added stakeholders automatically comes populated 
with the previously identified actions. Deleting an stakeholder deletes all 
information in the stakeholder’s autonomy matrix and removes the stakeholder 
from the stakeholder tab list. Deleted stakeholders can not be undeleted, and 
should the user wish to add the stakeholder again he or she must enter the relevant 
values for the stakeholder and redo the analysis of the actions’ impact on each 
value. 
 
Actions are added to the matrices by clicking “Click to add action”. Actions are 
shown as column headers in the matrices. Actions are global for the entire problem 
so adding an action for one stakeholder automatically adds it to each other 
stakeholder’s autonomy matrix as well. Actions can be removed by clicking in the 
“x” in the upper right corner of  column header representing the action. Deleting an 
action deletes it from all stakeholders’ matrices and removes the impact of the 
action from each stakeholder’s autonomy matrix as well. 
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Values are added by clicking “Click to add value”. Values are shown as row 
headers in the matrices. Values are unique for each stakeholder so adding a value to 
the autonomy matrix for one stakeholder does not add it to any other stakeholder’s 
matrix. Values can be removed by clicking the “x” in the upper right corner of the 
row header representing the value. Removing a value removes the respective row 
from the stakeholder’s autonomy matrix. Removing a value does not affect any 
other stakeholder’s matrices. 
 
The screenshot below shows the autonomy matrix for the stakeholder “Sailors”. 
 

 
Image 21: Screenshot 4 from the first prototype; an autonomy matrix for the 
stakeholder “Sailors”. 
 
 
 

6.2 The second prototype 
The evaluation of the first prototype clearly indicated that a merely a tool does not 
constitute a whole method, and for a tool for moral decision making to be said to 
support autonomy in the decision maker further steps must be taken than to just 
digitalize an analogue tool. For a ethical decision making tool to be successful 
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additional aspects of the ethical decision making process must therefore be taken in 
consideration. The computerization of the autonomy matrix from the Autonomy 
method helps the user to structure and organize relevant information and hence 
helps the user to explore the moral problem space and make an autonomous 
decision. This alone does not provide any immediate benefit over the analog pen 
and paper method, and a better tool could perhaps be constructed by adding 
additional layers of interaction between the user and the tool. Thus letting the 
system more actively support the user in information gathering, and analyzing the 
solutions of the moral problem. 
 
The basic layout of the first prototype worked rather well, and to compliment the 
matrices a dialog based interaction was added for the second prototype. The goal of 
the second prototype was to combine the dialog based interaction with the matrices 
from the autonomy method. Thus helping the user to gather relevant information 
using a dialog based interaction, and then later helping the user to organize and 
structure the data using the matrix view. This dialog based interaction approach is 
not be linear like ordinary wizard dialog sequences, and the user will have the 
alternative to switch between different states in the dialog-sequence in a non-linear 
fashion. By using this approach the users can both gather information about the 
moral problem in a structured manner and then explore possible solutions by 
interacting with the tool in a way that is reminiscent of a philosophical discussion 
about the moral problem, with the tool taking the role of a good listener prompting 
the user to explain and argue for and against the each of the possible solutions. The 
dialog in it self consists of a finite amount of questions steming from the gathered 
information. The variety and complexity of the exploration comes from the amount 
of gathered information, and if the user has properly investigated the moral 
problem and identified as many relevant stakeholders, values and actions as 
possible the foundation for a sound exploration of the solutions exists. The tool 
never tells the user when to stop gathering information, the decision when to stop is 
the user’s and the user’s alone. Neither does the tool tell the user when the 
exploration and analysis of the solutions is finished, even when all questions are 
answered the user till has the option to add new stakeholders, new values, and new 
actions. 
 
The approach for this prototype primarily focuses on the information gathering 
aspect of the ethical decision making process, and can be seen as a tool for this 
activity in complement to the computerization of the autonomy matrix.  
 
The prototype asks the user a set of questions, thus determining the relevant values 
and solutions. The user is then prompted to answer how these solutions affect the 
given values. Both risks and possibilities must be given for the system to be 
satisfied. The user is be able to end the dialog at any time, and is never forced to 
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give an answer to any question. The system is not meant to be rigid as long as the 
user can give a motivation for why a given question is not to be answered. 
 
As with the previous prototype, the second prototype was developed in two 
iterations. The first iteration created wireframe sketches describing the prototype’s 
user interface and user interaction. The second iteration implemented the dialog 
sequences upon the base of the first prototype creating an HTML5 and JavaScript 
application in the same manner as the first prototype. The wireframe sketches for 
the second prototype is included in the appendix as images 3 to 6. 
 
When the user first loads the prototype a help screen is displayed that summarizes 
how to use the prototype. The image below shows the fist view the user encounters 
when starting the application. 

 
Image 23: Screenshot 1 from the second prototype, welcoming screen 
 
The user either begins using the application in the same way as for the first 
prototype as the same features exists as in the first prototype, or the user uses the 
dialog based interaction approach by clicking on “Open wizard”. 
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Image 24: Screenshot 2 from the second prototype; problem description. 
 
When the user clicks on “Open wizard” the dialog based interaction starts. The 
wizard contains four steps for gathering and analysing information about the 
problem - Problem description, Stakeholders and values, Actions, and Analysis. 
The user navigates between the steps by clicking Next respective Previous. 
Navigating back and fourth in the wizard does not affect the entered values, no 
information is ever lost by changing views. Also, the wizard already contains all 
information previously entered in the autonomy matrices and any changes made in 
the wizard is directly mirrored by the autonomy matrices. 
 
The first step, Problem description, prompts the user to write down a summary of 
the moral problem to be explored and solved. As for the tab with the same name 
the problem description step in the wizard does not contain any functions for 
identifying stakeholders, values and actions from the description given.  
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Image 27: Screenshot 5 from the second prototype; first step of the dialog, problem 
description. 
 
In the second step, Stakeholders and values, the user is prompted to identify 
relevant stakeholders, and the stakeholder values. Stakeholders are added by 
entering the stakeholder’s name and clicking on “Add stakeholder”. Stakeholders 
can be removed by clicking the “x” next to the stakeholder name. Values for each 
stakeholder is viewed by clicking on the stakeholder name. Values are added by 
entering the value description and clicking on “Add value”. Values can be removed 
by clicking on the “x” next to the value description. 
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Image 28: Screenshot 6 from the second prototype; identify stakeholders and 
stakeholder values. 
 
The third step, Actions, prompts the user to enter possible actions for the moral 
problem. Actions are added by entering the action description and clicking on “Add 
action”. Actions can be removed by clicking on the “x” next to the action 
description. 
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Image 29: Screenshot 7 from the second prototype; identify actions. 
 
In the fourth and final step, Analysis, the user explores the possible solutions to the 
moral problem by entering the impact of each action on each stakeholder’s values. 
For each action-value combination the user has the option to enter the impact of 
the action on the value, both negative and positive. The user ends the wizard by 
clicking on “Close”. 
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Image 30: Screenshot 8 from the second prototype; analysis. 
 
The final interactive version of the second prototype can be tested in an web 
browser by going to the url http://exjobb.rick.se/prototype/2. The prototype has 
been tested and works with the browsers Google Chrome (version 36), Safari 
(version 7), and Internet Explorer (version 11). 
 

6.3 The third prototype 
The third prototype takes an entirely new approach to exploring the moral problem 
space by letting the user visually draw the problem with stakeholders and relations 
between stakeholders on a canvas. This uses the computer’s ability to manage 
advanced data structures by letting the user structure the moral problem in 
multiple dimensions. Stakeholders can have relations to other stakeholders, and 
relations maps to values and interests in form of obligations and expectations. 
Relations can either be one-directional implicating that the relation represents a 
one-sided obligation, or bi-directional implicating the relation is mutual for both 
stakeholders. Stakeholders can also have non-relational values representing 
interests not directly connected to other stakeholders. Relations represent what 
moral obligations stakeholders have, what rules they must follow, and what 
interests or values they possess. The user also adds possible solutions and outcomes 
for the problem space, thus exploring the whole problem space from facts to 
possible decisions. The solutions and outcomes are not represented visually, but are 
intrinsic properties belonging to the entire problem space. When the user has 
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finished exploring the problem space by specifying solutions and drawing 
stakeholders, relational values, and non-relational values the prototype helps the 
user analyse the problem by iterating through each possible solution and each 
value. For each solution-value pairing the prototype helps the user explore the 
impact of the solution on the value by not only specifying how the solution directly 
effect the value but also how it affects the value’s relation to other stakeholders. 
 
The visual approach to gathering and structuring information helps the user 
explore and capture the complexity of a moral problem without having to decide 
how to organize stakeholders, relations, interests and values. Stakeholders, 
relations, interests, and values are easily added, removed, and rearranged as the 
user continuously explores the moral problem. The user can also visualize how the 
different solutions can not only affect the relations between stakeholders but also 
how these affects propagate and traverse the relation hierarchy, thus possibly 
helping the user to identify eventual cascade affects of the solutions.  
 
To help the user focus on either gathering and structuring information about the 
moral problem or analysing the possible solutions to the moral problem the third 
prototype offers two different modes. An exploration mode that lets the user 
visually explore the problem space as described above, and an analysis mode that 
helps the user to analyse the problem space to find the best possible solution. The 
exploration mode helps the user to be unbound by the need to formalize the 
problem description in an one or two dimensional fashion. The user is free to 
explore the problem by visualizing the stakeholders and their relational and 
intrinsic values. The analysis mode on the other hand helps the user by structuring 
the problem visualization in the form of simple questions;  “how does this solution 
impact this value for these stakeholders?”.  Both positive and negative aspects of 
the solution on the value should be noted. When these questions have been 
answered the user has the option to select which of the specified solutions that will 
be the solution to the moral problem. The user then have to iterate through each 
value again motivating why the decision is right, how the negative aspect will be 
taken in consideration, and why the positive aspects outweigh the negative. 
 
The exploration mode consists of a canvas upon which the user can place 
stakeholders and formulate relations between these stakeholders. Different kinds of 
stakeholders are represented differently for visual clarity. Stakeholders consisting 
of a single person, and groups of persons are represented by icons that indicates 
whether the stakeholder is a single person or if it is a group consisting of a number 
of persons each with similar interests and values. Stakeholders consisting of 
organizations are represented by larger boxes that can encompass other 
stakeholders. This is the main difference between the two different kinds of 
stakeholders, organizations can contain other stakeholders. Both kinds of 
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stakeholders have certain properties that specify their names, values, interests, 
goals and so forth. Relations between stakeholders define obligations and directed 
interests of the stakeholders in regard to the other stakeholders. Relations can be 
one-directional meaning that the obligation or the interest only goes one way or bi-
directional meaning that the obligation or interest is shared by both stakeholders. A 
relation can only be between two stakeholders, and should multiple stakeholders 
share the same obligations or interests multiple relations must be added to 
represent this. In addition to exploring the problem space by drawing stakeholders 
and relations the user also have the option of adding properties to the entire 
problem space. Problem space properties can consist of special global values not 
directly connected to a stakeholder but inherent for all stakeholders, possible 
solutions to the moral problem and other considerations that must be addressed 
during the analysis and making of the decision. 
 
The analysis mode helps the user to systematically solve the moral problem by 
analysing the impact of the possible solutions on the stakeholder values and the 
ability for each stakeholder to fulfil their obligations should the solution be selected. 
For each solution the user is prompted to note the impact the solution has on global 
values, on the values of each stakeholder, on the stakeholders’ abilities to fulfil their 
obligations to the other stakeholders, and on the expectations the stakeholders have 
on the fulfilment of the obligations from other stakeholders. Both positive and 
negative aspects of the solution on the values can be given, but the user is not 
forced to write down either. The responsibility for the analysis still rests on the 
user’s shoulders, the application only asks whether the decision to not write down 
the positive, negative, or both positive and negative impacts on a value is by design 
or if it is an omission from the user. 
 
A great deal of thought has gone to whether the analysis mode should help the user 
specify if the given solution fulfils the respective stakeholders interests and by 
doing so helping the user to weigh the different solutions against each other. While 
this would help the user to analyse the problem space there is an inherent risk that 
the user would consider the solution that results in the most fulfilments of the 
stakeholders’ values the best possible solution. Therefore the prototype does not let 
the user specify if the respective solutions fulfil the stakeholders’ values, only what 
their impact are. 
 
As a delimitation the prototype the only considers how the solutions affect each 
stakeholder’s obligations, interests, and values during the analysis. It does not allow 
the user to propagate though how the affects of the solutions on stakeholder 
obligations affect other stakeholder’s obligations, interests and values other than 
the obligations and interests directly implicated by the affect. 
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The prototype does not require the user to write notes for each value or relation, 
but should the user skip a value or relation the prototype ask if this was intentional 
before the user can create a report from the analysis. 
 
The user has the option to create a report from the analysis of possible solutions at 
any time. The user has the option to organize the reports either by stakeholder or 
by solution. The reports organized by solutions lists the respective solutions impact 
on each global value, stakeholder value, the stakeholders obligation against other 
stakeholders, and each other stakeholders’ obligations against the stakeholder. The 
reports organized by stakeholder lists how each solution impacts the stakeholder in 
regard to the global values, the stakeholder values, the stakeholder obligations, and 
stakeholder expectations. 
 
As for the first and second prototypes the third prototype was developed in two 
iterations. The first iteration resulted in wireframe sketches describing the 
prototype’s user interface and user interaction. The second iteration resulted in the 
implementation of an interactive prototype in HTML5 and JavaScript, in the same 
manner as for the first and second prototypes. The wireframe sketches for the third 
prototype is included in the appendix as images 7 to 14. 
 
The user is first faced with the exploration canvas. To the left is the toolbox that 
contains the drawable objects; stakeholders, stakeholder groups, and organizations. 
To the right are the generic properties and the analyse-button. The user adds 
stakeholders by dragging them from the toolbox to the canvas. The user adds 
relations by clicking twice on the stakeholder the relation originates from and then 
selecting if the relation should be one-directional ouch bi-directional. After the user 
has selected the direction of the relation the user selects the destination for the 
relation from a list of all stakeholders. By clicking on an object a properties pane 
shows to the right under the generic properties.   
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Image 31: Screenshot 1 from the third prototype; the drawing canvas, toolbox and 
generic properties. 
 
When the user has finished exploring the problem he or she starts the analysis by 
clicking on the button “Analyse problem”. The analysis begins with some general 
information and prompts the user to make stand that he or she has explored the 
problem the best of his or her ability. This choice have no impact on the analysis or 
decision, and only servers to remind the user to review that he or she is satisfied 
with the exploration. When proceeding to the next step, Global values, the user is 
prompted to enter the impact of the solutions on each global value. 
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Image 33: Screenshot 3 from the third prototype; solution impact on global values. 
 
The user then proceeds with doing the same for stakeholder values, stakeholder 
obligations, and stakeholder expectations. After the user has entered all aspects on 
global values, stakeholder values, stakeholder obligations, and stakeholder 
expectations the user has the ability to review and compare the different solutions. 
 

 
Image 37: Screenshot 7 from the third prototype; summary and comparison 
between solutions. 
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The user makes a decision by selecting one of the solutions that were identified 
during the exploration phase. The user then motivates both the decision in general 
and the decision’s impact on each value, obligation, and expectation both as 
possibilities and risks.  
 

 
Image 38: Screenshot 8 from the third prototype; decision and general motivation. 
 

 
Image 39: Screenshot 9 from the third prototype; motivations. 
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When the user has made a decision and motivated it for each value, obligation, and 
expectation he or she has the ability to generate reports for both the decision and 
the moral problem. If the user has omitted to fill in any fields the prototype warns 
him or her and asks if he or she wishes to continue anyway. The user has the ability 
to either organize the report based on stakeholders or the solution. It is possible to 
generate a report without making a decision first, if the user tries to do so the 
prototype asks him or her if this is intentional and then lets the user generate a 
report without the decision and decision’s impacts included. 
 

 
Image 43: Screenshot 13 from the third prototype; generate report organized by 
solution. 
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Image 44: Screenshot 14 from the third prototype; view report 
 
There are several more screenshots of the third prototype in the appendix as images 
31 to 44. 
 
The final interactive version of the third prototype can be tested in an web browser 
by going to the url http://exjobb.rick.se/prototype/3. The prototype has been tested 
and works with the browsers Google Chrome (version 36),  Safari (version 7), and 
Internet Explorer (version 11). 
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7 Results 
 
The evaluations of the prototypes were made by comparing the abilities of the 
prototype with the specified criteria. For each criterion a reason for why or why 
not the prototype fulfilled the specified criterion was given. 
 

7.1 Summary 
The results of the prototype evaluations are summarized in the table below. The 
first prototype only conforms to the first and fifth criteria. It fulfils the first criteria 
by not presenting a readymade set of moral principles and values and it fulfils the 
fifth criteria by helping the user to organize and analyse the facts. The second 
prototype comes out stronger than the first in that it conforms to three of the 
criteria. It does not force the user to motivate his or her decisions in regard to the 
relevant interests and values, nor does it help the user to be unconstrained by moral 
fixations and authorities or help the user to weight the relevant values and 
principles against each other in both positive and negative aspects.  The third 
prototype conforms to four of the six criteria. As with the second prototype it does 
not help the user to be unconstrained by moral fixations and authorities and neither 
does it help the user to weight the relevant values and principles against each other 
in both positive and negative aspects. 
 
Criteria Prototype 1 Prototype 2 Prototype 3 
1. not present a readymade set of moral 
principles and values 

Yes Yes 
Yes 

2. force the user to motivate his or her 
decisions in regard to the relevant interests 
and values 

No No Yes 

3. help the user to systematically explore 
the moral problem at hand 

No Yes Yes 

4. help the user to be unconstrained by 
moral fixations and authorities 

No No No 

5. help the user to organize and analyse the 
facts 

Yes Yes Yes 

6. help the user to weight the relevant 
values and principles against each other in 
both positive and negative aspects 

No No No 

Table 3: The results of the evaluations. 
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7.2 Evaluation of the first prototype 
The first prototype was evaluated against the criteria, thus determining if it 
promotes autonomy in the decision making process or not. 
 

7.2.1 Conformity with the criteria 
The prototype does not present the user with any moral principles, rules, codes, 
guidelines and such at all. The main working area consists of an autonomy matrix 
where the user adds the relevant values and actions. Thus it can be said that the 
prototype conforms to the first criterion to “not present a readymade set of moral 
principles and values”. 
 
The prototype does not force the user to motivate or even document his or her 
decision, the prototype only deals with gathering and structuring information. This 
is a serious shortcoming that was addressed in the further development of the 
second and third prototypes. The prototype does not conform to the second 
criterion to “force the user to motivate his or her decisions in regard to the relevant 
interests and values”.  
 
The user can get help in structuring the problem by adding relevant values and 
actions and thus exploring it. On the other hand, the prototype does not takes any 
further steps to actually help the user in the exploration of the possible solutions for 
the problem. The arguments that prototype helps the user to systematically explore 
a problem and that it does not is about of the same strength. A user that is willing 
to systematically explore the problem space, and explore the possible decisions 
based on the actual findings will find that the prototype fulfils the third criterion. A 
user lacking the proper education and training or a user simply not willing to 
explore the problem space will not be able to benefit from using the tool in the same 
way, and for such a user the third criterion will not be fulfilled. Since the prototype 
must fully adhere to the criterion for it to be said that it fulfils the criterion,  this 
last fact is enough to say that the prototype does not meet the third criteria to “help 
the user to systematically explore the moral problem at hand”. 
 
Neither does the prototype alone help the user to be unconstrained by moral 
authorities and fixations. A user with proper training in the 
 autonomy method will be able to benefit from using the tool in the same way as 
with the autonomy matrix, but a user without proper training or a user unwilling to 
be unconstrained by moral fixations and authorities will not gain any benefit from 
using the tool in regard to the fourth criterion. It is important to note that the 
building stones for supporting the user in being unconstrained by moral authorities 
and fixations are there since the prototype is modelled after the autonomy matrix 
from the autonomy method whose effect have been proven (Erlandsson and 
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Kavathatzopoulos, 2005). In the autonomy method being unconstrained by moral 
authorities and fixations stems from working with the matrix and the holistic view 
of the moral problem the matrix provides but what the autonomy method provides 
that the first prototype does not is education and training. Since only having the 
tools for being unconstrained by moral authorities and fixations without education 
and training does not guarantee autonomy it can not be said that the first prototype 
fully meet the fourth criteria to “help the user to be unconstrained by moral 
fixations and authorities”.  
 
The prototype helps the user in structuring and organizing the information. Values 
and actions are added and the impact of the actions on the values are documented. 
Given the assumption that the user have added relevant information to the matrices 
it can be said that prototype helps the user in organizing and analysing the 
information, thus it conforms to the fifth criterion to “help the user to organize and 
analyse the facts”. 
 
After that the relevant values and actions are added to the matrices and impact of 
the actions on the values are explored in both positive and negative aspects no 
further help is given to the user in weighting these facts against each other. 
Therefore it can not be said that the prototype conforms to the sixth criterion to 
“help the user to weight the relevant values and principles against each other in 
both positive and negative aspects”. 
 
Criterion Prototype 1 
1. not present a readymade set of moral principles and 
values 

Yes 

2. force the user to motivate his or her decisions in 
regard to the relevant interests and values 

No 

3. help the user to systematically explore the moral 
problem at hand 

No 

4. help the user to be unconstrained by moral fixations 
and authorities 

No 

5. help the user to organize and analyse the facts Yes 
6. help the user to weight the relevant values and 
principles against each other in both positive and 
negative aspects 

No 

Table 4: The results of the evaluation of the first prototype. 
 

7.2.2 Discussion 
In comparison with Project Planning Software the first prototype comes out just 
somewhat stronger in the aspect of promoting autonomy. It conforms to two of the 
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criteria just as PPS did, but given proper training two of the shortcomings off the 
prototype will not be as prominent as for an user without training. PPS on the 
other hand is a more complete application and comparing it with the prototype 
might not result in a fair comparison for either. 
 
Given that this is an early prototype the result is promising as it gives a direction 
for further development for the second and third prototypes, but it is still far from 
the my expectations. 
 
Computerizing the tools of a method does not constitute a method of its own, and 
to be more successful a prototype based on the autonomy method must take 
consideration of the entire autonomy method. A considerable amount of application 
logic must be added to create a system that not only helps the user to gather and 
analyse information but also guards the user from heteronomous decisions. 
 
It can not be said that the digital tool provides any immediate benefit over using the 
analog one, unless the user is working on larger data-sets where the computer’s 
ability to hide information not presently being worked on comes into play. 
 

7.3 Evaluation of the second prototype 
The second prototype of a moral decision making system was evaluated against the 
same criteria for promoting autonomy as the first prototype was. The evaluation 
determined if, and if so to what degree the second prototype promotes autonomy in 
the moral decision making process.  
 

7.3.1 Conformity with the criteria 
The first criterion, ”not present a ready made set of moral principles and values”, 
can quite easily be said to be satisfied. As with the first prototype the second 
prototype does not present the user with any moral principles, rules, codes, 
guidelines and such at all. Thus it can be said that the prototype conforms to the 
first criterion. 
 
The prototype prompts the user for the impact of each action on each stakeholders’ 
values, but it does not force the user to motivate his or her decision in regard to the 
relevant interests and values. This shortcoming could amended by adding a final 
step where the user is prompted to make a decision for which action to choose as 
the solution for the moral problem and to motivate why this action was chosen, and 
how the impact on the unfulfilled stakeholders values will be addressed. Since the 
second prototype does not force the user to motivate his or her decision, or even 
make a decision, it can not be considered to fulfil the second criterion, “force the 
user to motivate his or her decisions in regard to the relevant interests and values”. 
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For each action-value pair the prototype prompts the user for both negative and 
positive impacts of the action on the value. This helps the user to analyse the moral 
problem and in doing so helps the user to explore the problem. The prototype have 
no further reach than to help the user to gather and analyse information about the 
moral problem, and can be found as somewhat lacking since it does not force or 
even help the user to document and motivate his or her decision, and therefore fails 
to support the user in organizing and exploring the possible decisions that can be 
made. But still it does “help the user to systematically explore the moral problem at 
hand”, thus fulfilling the third criterion. 
 
The user is prompted to specify actions, values, stakeholders and the impact of the 
actions on the values. No additional help is given to the user in regard to being 
unconstrained by moral fixations and authorities compared to the first prototype. 
The prototype only takes in and organizes the gathered information, it does not 
provoke or bother the user with questions of why the actions and values are 
relevant in the first place. As with the first prototype the building stones for helping 
he user being unconstrained by moral authorities and fixations are there, but to 
gain benefit from the prototype in this regard the user needs education and training 
in both the autonomy method and in using the tool. The prototype can therefore 
not be said to fulfil the fourth criterion to ”help the user to be unconstrained by 
moral fixations and authorities”. 
 
Regarding the criterion to ”help the user to organize and analyse the facts” the 
prototype is found to be somewhat lacking even if it fulfil the criterion. The facts 
are organized as actions and values, values are grouped by stakeholder and the last 
step of the wizard helps the user to note the impact of each action on each value. 
The same argument as for the third criterion can be made for the fifth, the 
prototype supports the user up to but not including making, motivating and 
documenting the decision. Even so, the prototype does “help the user to organize 
and analyse the facts”, and therefore conforms to the fifth criterion. 
 
The prototype prompts the user for both the negative and the positive impact of 
each action-value pair, thus almost fulfilling the criterion ”help the user to weight 
the relevant values and principles against each other in both positive and negative 
aspects” but not quite reaching whole way since it does not support the user in 
weighting the different actions against each other. After specifying the impacts no 
further step are taken, no help is given to the user in weighting the relevant values 
against each other. The prototype does therefore not fulfil the sixth criterion. 
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Criteria Prototype 2 
1. not present a readymade set of moral principles and 
values 

Yes 

2. force the user to motivate his or her decisions in 
regard to the relevant interests and values 

No 

3. help the user to systematically explore the moral 
problem at hand 

Yes 

4. help the user to be unconstrained by moral fixations 
and authorities 

No 

5. help the user to organize and analyse the facts Yes 
6. help the user to weight the relevant values and 
principles against each other in both positive and 
negative aspects 

No 

Table 5: The results of the evaluation of the second prototype. 
 

7.3.2 Discussion 
In comparison with PPS and the first prototype the second prototype gives a better 
result in regard to conformity with the criterion. An interesting point is that both 
the first and second prototypes miss the second, fourth and sixth criteria. The 
second and sixth criteria, “force the user to motivate his or her decisions in regard 
to the relevant interests and values” and “help the user to weight the relevant values 
and principles against each other in both positive and negative aspects”, both deal 
with the decision step in the decision making process. Since this prototype is a 
direct computerization of the autonomy matrix aided by the computer’s ability to 
help the user gather and analyse information there should be no surprise that the 
parts of the Autonomy method other than the usage of the autonomy matrix are 
missing from the prototype. Given proper training and commitment from the user 
to following the Autonomy method this should not represent a problem. But since 
the goal with a computerized ethical decision making system should be to 
implement the whole decision making process for moral problems rather than just a 
tool used for analyzing the problem space care must be taken to incorporate these 
other parts of the Autonomy method in the application. Even so there is an inherent 
risk, should the application help the user to weight values against each other by 
letting the user specify which values that are satisfied by the respective actions, that 
the user could consider the application as a moral authority and the calculation of 
fulfilled values as a metric for how moral the action is and thus choosing the action 
that fulfils the most values. 
 
To implement an application for ethical decision making based on the second 
prototype that rectifies the lacking fulfilment of the second, fourth, and sixth 
criteria the applications should in addition to the features contained in the 
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prototype also contain the following features. The application should add an extra 
exploration step to the wizard where the user can select two actions, specify which 
values that are fulfilled for each action and motivate why any fulfilled value should 
have more weight than the unfulfilled. It should also force the user to motivate his 
or her decision by adding an second extra step to the wizard where the user selects 
an action and motivates why he or she has decided upon it. The user should also 
specify which values that are fulfilled by the action and motivate why the decision 
was made in regard to the unfulfilled values. The application should also let the 
user export a report for the decision that states the stakeholders, values, actions, 
and motivations for both weighting values against each other and for the final 
decision.  The application could also move towards fulfilling the fourth criteria, 
help the user to be unconstrained by moral fixations and authorities, by asking the 
user to confirm that he or she has made an unbiased analysis when the application 
prompts the user to enter the impact of an action on an value. Doing so would not 
prevent the user from being constrained by moral fixations and authorities but it 
could help the user not to automatically make heteronomous interpretations of the 
impacts by introducing a decision point where the user must make a stand and 
either confirm that the analysis is unbiased by moral fixations and authorities or to 
rethink the analysis.  
 
So do the augmented digital version of the autonomy matrix provide any benefit 
over the analog tool it is modelled after? As with the first prototype users working 
with larger data-sets gain benefit from using the digital tool. This becomes even 
more evident in this approach since the added computerized support helps the user 
even more by letting him or her focus on a single aspect of the problem exploration 
at a time. 
 

7.4 Evaluation of the third prototype 
The third prototype of a moral decision making system was evaluated against the 
same criteria for promoting autonomy as the first and second prototypes. The 
evaluation determined if, and if so to what degree the third prototype promotes 
autonomy in the moral decision making process.  
 

7.4.1 Conformity with the criteria 
The first criterion, ”not present a ready made set of moral principles and values”, 
can quite easily be said to be satisfied. As with the first  and second prototypes the 
third prototype does not present the user with any moral principles, rules, codes, or 
guidelines. The user is responsible for supplying the relevant values for the moral 
problem, both values connected to the stakeholders and values intrinsic to the 
moral problem itself.  The third prototype does therefore adhere to the first 
criterion in that it does ”not present a ready made set of moral principles and 
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values”. 
 
The third prototype does “force the user to motivate his or her decisions in regard 
to the relevant interests and values” when in the analysis mode. For each possible 
solution the prototype prompts the user to write down the solution’s impact on each 
value, and when a decision on which solution to go with have been made the user is 
prompted to motivate his or her decision in regard to the both the negative and 
positive impacts the solution have on the given value. What the prototype lacks is 
the ability to connect the motivation to either the chosen solution’s impact on the 
other values or the impact other solutions have on the values. Should a real 
software application for moral decision making be developed from this prototype 
this is one of the main areas that should warrant an expansion. The possibilities for 
supporting the user in turning the moral problem inside and out and analysing 
every wrinkle of it is endless given enough time and effort. Either way, the third 
prototype clearly does “force the user to motivate his or her decisions in regard to 
the relevant interests and values” and therefore conforms to the second criterion. 
 
The exploration mode of the third prototype is built to “help the user to 
systematically explore the moral problem at hand”. The visual representation of the 
moral problem helps the user to formulate the problem space by populating the 
canvas with stakeholders, relational values between the stakeholders and intrinsic 
values for both the stakeholders and the entire problem space. The analysis mode 
supports the user in exploring the impact of the possible solutions on both the 
relational and the intrinsic values. The third prototype does therefore conform to 
the third criterion, to “help the user to systematically explore the moral problem at 
hand”. 
 
The fourth criterion, to “help the user to be unconstrained by moral fixations and 
authorities”, have proven to be one of the hardest aspects of supporting autonomy 
in the moral decision making process while using a computerized tool. The more of 
a method for moral decision making that is built into the computerized tool the 
further we come towards supporting the user in losing any constraints by moral 
fixations or authorities. Even as the third prototype have a quite large portion of a 
method for moral decision making process built into it there is a rather large 
discrepancy between the goal of the fourth criterion, “helping the user to be 
unconstrained by moral fixations and authorities”,  and the prototype’s capabilities. 
How to accomplish helping the user to be unconstrained by moral fixations and 
authorities is one of the main aspects for further investigation should a real 
software application for moral decision making in accordance with the theory of 
autonomy be developed in the future. As it stands now it can not be said that the 
third prototype conforms to the fourth criterion, to “help the user to be 
unconstrained by moral fixations and authorities”. 
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As for the third criterion the fifth criterion, to “help the user to organize and 
analyse the facts”, is supported by the exploration and analysis modes of the third 
prototype. The facts regarding the moral problem are organized visually for 
stakeholders and relations between stakeholders. The problem space, the 
stakeholders and the solutions can all contain intrinsic properties in the form of 
values not connected to other entities. The analysis mode of the third prototype  
supports the user in analyzing the possible solutions of the moral problem in regard 
to both relational and intrinsic values. The third prototype does therefore conform 
to the fifth criterion, to “help the user to organize and analyse the facts”. 
 
The development of the third prototype has shown that there is a fine balance 
between achieving adherence to the sixth criterion, to “help the user to weight the 
relevant values and principles against each other in both positive and negative 
aspects”, and fulfilling the fourth criterion , to “help the user to be unconstrained by 
moral fixations and authorities”. The third prototype supports the user in analyzing 
the possible solutions to the moral problem by having the user noting the positive 
and negative impacts of each solution to each value. While this is far from helping 
the user to weigh the relevant values against each other there is a risk involved in 
providing too much support for the user in this regard in that the user quite easily 
can rely on the system to summarize which solution that fulfils the most values and 
using this as the basis for decision on which solution to go with. By letting the user 
writing down the positive and negative aspects of each solution and forcing the user 
to motivate why the chosen solution is the best for both each negative and positive 
impact the third prototype takes a step towards helping the user to weigh the 
relevant values and principles against each other, but it does not proceed so far that 
it can be said that the prototype conforms to the sixth criterion. 
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Criterion Prototype 3 
1. not present a readymade set of moral principles and 
values 

Yes 

2. force the user to motivate his or her decisions in 
regard to the relevant interests and values 

Yes 

3. help the user to systematically explore the moral 
problem at hand 

Yes 

4. help the user to be unconstrained by moral fixations 
and authorities 

No 

5. help the user to organize and analyse the facts Yes 
6. help the user to weight the relevant values and 
principles against each other in both positive and 
negative aspects 

No 

Table 6: Evaluation of the third prototype 
 

7.4.2 Discussion 
With four of six criteria fulfilled the third prototype comes out stronger than the 
previous prototypes. It still lacks the ability to support the user in being 
unconstrained by moral fixations and authorities, and the ability to help the user to 
weight the relevant values and principles against each other in both positive and 
negative aspects. 
 
The first point can be amended by providing the user with education about moral 
decision making and the method for moral decision making that the computerized 
tool is based upon. As the computerized tool progressed from a mere tool towards 
being a complete method for moral decision making we come closer and closer to 
conformity with the fourth criterion, to “help the user to be unconstrained by moral 
fixations and authorities” but I doubt that a software application alone can support 
the user in this regard without proper education and commitment from the user. 
The tool can continuously prompt the user to motivate why certain values and 
principles, stakeholders and solutions are relevant but we then run the risk of 
designing a piece of software that is so cumbersome to use because of the myriad of 
interruptions this would cause that no one would use it. I would therefore conclude 
that even though it is possible to design a such software it lies beyond the scope of 
this thesis in regard to the time and effort needed for doing the interaction design 
properly. Even so it is a very interesting point for further study,  because should we 
accomplish this the software application will be a large step closer to encompassing 
the entire of the method it is based upon.   
 
The second point comes into conflict with the first, should we take supporting the 
user in weighting the relevant values and principles against each other we run the 
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risk of having the user relying on the tool by selecting the solution that fulfils the 
most values or have the least negative impact. On the other hand, not supporting 
the user in weighting the relevant values and principles against each other runs the 
risk of resulting in weaker analyses of the possible solutions to the moral problem. 
Finding the exact right amount of support for the user in regard to the sixth 
criterion, to “help the user to weight the relevant values and principles against each 
other”, is a question of the uttermost importance and certainly merits further 
investigation. 
 
Overall the third prototype fulfils much of what it set out to do, it supports 
autonomy in the moral decision making process for the user by; not presenting a 
ready made set of moral principles and values, forcing the user to motivate his or 
her decisions in regard to the relevant interests and values, helping the user to 
systematically explore the moral problem at hand, and helping the user to organize 
and analyse the facts. It does not come the whole way towards supporting 
autonomy by failing to help the user to be unconstrained by moral fixations and 
authorities, and to help the user to weight the relevant values and principles against 
each other. Both these failings should be remediable but will take time and effort 
beyond the scope of this thesis, and should therefore be considered as suggestions 
for further research. 
 
As for the question wither this approach provide any benefit over an analog 
equivalent of the tool the answer is simple, it is undecided. The closest analog 
equivalent of the tool is the usage of mind maps, post-it notes and whiteboards, or 
similar techniques. For simpler moral problems the analog tools are probably more 
efficient, they require less training to use and have next to no set up time. As the 
complexity of the moral problem increases so does the benefits of using a digitalized 
tool. When the complexity of the moral problem reaches the level when the user 
have to restructure or reorganize large sets of information during the exploration 
and analysis the computerized tool come into its own since the ease of restructuring 
and reorganizing information lets the user focus on exploring the moral problem 
instead of working with information structure. 
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8 Conclusion 
 
The results from the evaluations of the prototypes show how much the method 
used for moral decision making affect how the software application support 
autonomous decisions. For the first prototype, the direct computerization of the 
autonomy matrix from the Autonomy method, the need for proper education for  
and commitment by the user can impair the degree to which the software 
application support autonomous decisions. In hindsight perhaps this is not that 
unexpected, much of the Autonomy method builds upon the education of the moral 
decision maker in regard to making autonomous decisions. While the digitalized 
tool reflects the capabilities of the analog tool in the autonomy matrix regarding the 
software application as a complete method, and not taking training and education 
in to consideration leaves us with an incomplete product. Used with proper training 
and education the digital tool should perform in par with the analog tool, but it can 
not be said to constitute a complete decision making system for moral problems. 
And with adherence to only two of six criteria this digital tool leaves a lot to be 
wished for. Even so it provides educated and trained decision makers with a 
supportive tool to use in when exploring a moral problem, and this capability 
should not be dismissed even if it does not provide any immediate benefit over 
using the analog autonomy matrix tool.  
 
The second prototype adds a further layer of computerized support by letting the 
user explore and analyse the moral problem using a dialog based user interface. 
The user can focus on the current issue being explored, and does not have to 
consider, or even view, the entire problem when doing so. This approach comes out 
stronger than the direct digitalization of the autonomy matrix. Much of this seems 
to come from the fact that additional parts of a method for moral decision making is 
added to the software application by supporting the user in exploring the moral 
problem and the possible solutions. Even so it’s capabilities for promoting 
autonomy remains in the vicinity of the first prototype as it only provides support 
for specific parts of the method the tool is modelled after. Viewed as a tool used in 
addition to education and training this approach should work fine, and could even 
provide a benefit over the analog tool it emulates. It still lacks the complete 
coverage of a decision making system since it does not help the user to make the 
decision, and it also falls short of  promoting autonomy by only adhering to half of 
the criteria. Even so it does constitute a step in the right direction when viewed in 
the light of the first prototype’s capabilities. Of the criteria that this prototype fails 
to fulfil the most outstanding ones are the two that directly deal with autonomy, 
helping the user to be unconstrained by moral fixations and authorities along with 
forcing the user to motivate his or her decisions in regard to the relevant interests 
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and values. 
 
The third prototype comes out as the strongest contender in regard to promoting 
autonomy in the moral decision making process. As with the second prototype this 
additional adherence to the criteria comes from the tool encompassing a more 
whole method rather than being a tool used in conjunction with a method. It still 
requires education and training to use properly, but as a stand alone tool this 
version comes closest to being a complete moral decision making system that 
promotes autonomy in the decision maker. The two criteria that are not fulfilled are 
to “help the user to be unconstrained by moral fixations and authorities” and to 
“help the user to weight the relevant values and principles against each other”. The 
first deals directly with autonomy and since it is one of the key points to creating a 
moral decision making system that promotes autonomy this issue will be discussed 
later. The second deals with both with the exploration of the moral problem and the 
decision making part of the moral decision making method. As noted during the 
evaluation of the third prototype there is a fine line between supporting the user by 
letting him or her weight the relevant values and principles and risking that the 
user leans too much on the system for making the decision by selecting the solution 
that either has the most positive aspects or the solution that has the least negative 
aspects. And thus by laying this responsibility on the system comes to regard the 
system as a moral authority, or become fixated by the numbers of negative or 
positive aspects of the solutions. While there is an inherent risk in letting the user 
weighting values and principles against each other it is also one of the key stones of 
decision making. Without exploring the impact of each of the negative and positive 
aspects a solution have on a value or principle, or the ability to compare the 
different aspects of a solution the application will fall short of becoming a complete 
decision making system for moral problems. The other issue, to “help the user to be 
unconstrained by moral fixations and authorities”, is somewhat more complex. 
Being unconstrained by moral fixations and authorities is an important part of 
making well informed autonomous decisions. Without the ability to be 
unconstrained there can be no autonomy and thus the entire notion of a moral 
decision making system that promotes autonomy in the decision maker falls. So 
how can this inadequacy be remedied? One way that was explored during the 
creation of the third prototype was to constantly question the user as to why 
different values are important, why the given stakeholders are relevant and 
whether there are more to be found, or to force the user to always motivate every 
decision made during both the exploration and analysis of the moral problem. This 
approach was ditched due to the large increase in workload for the user and the 
clunkiness for lack of better words in the interaction with the system. While this 
could safeguard the user from falling in to an heteronomous way of thinking it also 
runs the risk of keeping the user from using the system entirely. Another approach 
is to let the system get to know the user, and this is probably one of the best ways 
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to detect when the user runs the risk of slipping in to an heteronomous way of 
thinking. By gathering heuristics about the decision maker’s usage of the system 
the system can detect either when the user parts from a previously set behaviour or 
when the user starts doing a perfunctory exploration and analysis of the problem. 
While this does not give the user any benefit the first few times the system is used 
and relies on having the same user keeping using the system the benefits can be 
immense. Even so the task to define how to detect behavioural changes or when the 
user is doing an perfunctory job is not an easy one, and doing so would require 
both time, effort and a great deal of research into the behavioural side of moral 
decision making. 
 
A fallacy in saying that a digitalized tool for moral decision making can replace 
education, training, and analog tools is that no tool ever made can replace proper 
education and training. No matter how great a tool can become it will always be a 
tool, even the best hammers and saws does not build furniture’s by themselves even 
if the results most certainly can improve by using high quality tools. Education and 
training will always be a key part of moral decision making and effort to 
accommodate this fact while designing a moral decision making system should be 
taken. The best scenario is to provide the digital tool in conjunction with education 
and training, and if this should not be possible to include the education and training 
in the tool. Usage of the tool can also in it self be considered as a form of education 
even if basic training and guidance is needed for the user to be able to properly gain 
experience from the usage. This goes for all the three approaches investigated in 
this thesis but is perhaps most important in the third and final prototype where 
quite much of the method itself is included in the tool. Since the tool can be no 
more than a subset of the larger method and at best a nearly complete 
interpretation of the method having the user understand this fact, and therefore 
study the method is perhaps one of the most important lessons learnt while 
exploring whether it is possible to create a moral decision making system that 
promotes autonomy in the decision maker. 
 
My goal when I started this thesis was to explore whether it is possible to build a 
usable system for handling moral problems using the principle of autonomy. A 
quick summary of my findings is that, yes it is possible to create a moral decision 
making system for handling moral problems using the principle of autonomy. The 
other aspect of my exploration was to find whether the digitalized tools provided 
any benefit over the pen and paper equivalents. In this regard my findings where 
that, yes most of the digital tools could provided a benefit over the pen and paper 
equivalents in different strengths. As a note to this finding there must be said as 
stated above that no tool can replace education and training and the possible 
benefits of using a digital tool only comes when the user both has the commitment 
and competence to explore the moral problem at hand and to come to a well 
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informed autonomous decision. 
 
To address the first question, whether it is possible to build a usable system for 
handling moral problems using the principle of autonomy, the prototypes 
developed shows in order an increasing adherence to the criteria. The third and 
final prototype lacked support for two key criteria, namely to “help the user to be 
unconstrained by moral fixations and authorities” and to “help the user to weight 
the relevant values and principles against each other in both positive and negative 
aspects”. Both of these weaknesses can in theory be remedied by either 
implementing more of the decision making process in the digital tool or for the first 
case by employing advanced heuristics about the decision maker’s usage of the 
system. Since neither of these remedies are beyond what is possible using modern 
computer technologies it must be assumed that these two issues can be addressed 
given time and effort. As stated before the foundation for supporting the user in 
weighting the relevant values and principles against each other in both positive and 
negative aspects exists in all three prototypes in form of the available overviews and 
reports, and this in conjunction with proper education and training could be 
considered a fulfilment the criteria in question. All that is needed is the final 
touches that truly puts it beyond question that the digital tools supports the user in 
weighting the relevant values and principles against each other in both positive and 
negative aspects. The problem with this criteria lies more in delimitations because 
of the scope of this thesis rather than any theoretical or technical difficulties, had 
there been time for a fourth prototype this would have been remedied. 
 
The second and secondary question, wither a digital tool has any benefit over the 
equivalent analog tool, the amount of benefit comes from the level of complexity of 
the moral problem. For smaller well defined problems the direct digital 
implementation of the analog tool and the computer assisted implementation of the 
analog tool the usage of the digital does not provide any immediate benefits over 
using the analog tool. When the moral problem scale up on the complexity scale the 
computers ability to handle large datasets and letting the user focus on parts of the 
information comes into play. The benefits comes in two different ways, the first is 
that the digital tool helps the user by optimizing the amount of work needed to set 
up the analog tool. Drawing matrices, redrawing when updates, etc. The other 
benefit, and the more important one, comes from the computers ability to hide for 
the moment non relevant information. Thus letting the user focus on parts of the 
problem during exploration and analysis. The biggest benefit comes from the third 
and final approach evaluated. While it is possible to perform the same process of 
visually drawing a moral problem using for example a whiteboard, the ability to 
quickly model a problem and equal quickly redraw the same problem to explore 
another angle or to expand the previous exploration gives a huge benefit in terms of 
work optimization. Coupled with the ability to assign intrinsic properties and notes 
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to each object and to iterate through the entire drawn problem space both when 
doing the analysis of the problem and when motivating the final decision the benefit 
can not be argued with. And since this visual approach comes closest to adhering to 
the six criteria, and the two criteria it does not adhere to being remediable this 
makes my strongest case for the merit of using a digital tool for moral decision 
making. 
 
None of these results have been proved empirically or by any other means than 
reasoning about whether the prototypes conform to the criteria developed or not. It 
would be interesting to further investigate the validity of the usage of a 
computerized aid for moral decision making but such an endeavour is beyond the 
scope of this thesis. Since the positive effect of education in moral decision making 
on an autonomy test has been proved (Kavathatzopoulos, 2004) further 
investigation in comparing the differences in autonomy test results of those with 
education using a computerized support system, without education using a 
computerized support system and those with only education would be of interest. 
Should the usage of both education and a computerized support system prove to be 
more effective than education alone the worth of using computerized support 
systems for ethical decision making would be proved. 
 
When I started working on this thesis in 2006 my goal was to determine if it was 
possible to create a computerized decision making system for moral decision 
making in accordance with the theory of autonomy. My approach was to set down 
a set of criteria for how such a system should behave for it to be said to support the 
decision maker in an autonomous decision making process. It is still my belief that 
these criteria gives an indication to whether such a system can be said so support 
autonomy in the decision making process. Even so, one problem with the criteria is 
that a decision making system must fulfil all of the criteria for it to be said to fully 
support the decision maker in an autonomous decision making process. Should the 
system not fulfil all the criteria the unfulfilled criteria gives an indication to what 
needs to be remedied for the system to work in accordance with the theory of 
autonomy. There is no scale that gives an indication to what degree the system 
supports autonomy, either it does or it does not. As a reflection of what I have 
learned during my work on this thesis I would most probably choose a slightly 
different approach today than what I did then. The criteria encompasses how a 
system should work for it to be said to function in accordance with the theory of 
autonomy,  but as a measuring instrument they are quite frankly to blunt. They 
should instead give the direction for the system, be the ideal that should be strived 
towards. In this case a new tool is needed to evaluate to what degree the moral 
decision making system adheres to the principle of autonomy, a statistical tool that 
can give empirical evidence to whether the system supports autonomy, measures to 
what degree it supports autonomy, and that can be used to compare both different 
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approaches to designing the system and to compare how both external and internal 
activities such as education and training effect the degree of autonomy. One such 
tool that could be used is the Ethical Competence Questionnaire - Working Life 
and Business (ECQ-WLB) (Kavathatzopoulos, 2012; Kavathatzopoulos and 
Riga’s, 2006; Kavathatzopoulos and Rigas, 1998), a questionnaire consisting of 
seven moral dilemmas each with four alternatives of which the participant choses 
two and ranks these according to importance. The chosen alternatives and their 
ranking indicates both the participants degree of ethical competence and where 
they are placed on the scale going from heteronomy to autonomy. When used to 
evaluate a computerized system this should also indicate the what degree the 
system supports the decision maker in making autonomous decisions. It can also be 
used, and should be used, to investigate how different levels of computerization 
interacts with education and training. A big difference from the criteria-based 
evaluations is that evaluating the system using ECQ-WLB or an equivalent tool the 
evaluation have to be made using real participants. 
 
Another different choice I would have made today is to create and evaluate four 
different prototypes instead of three. The first two prototypes explored the same 
concept but with different levels of computerization. The lessons learned when 
creating and evaluating the first prototype played a big role in the creation of the 
second prototype, resulting in a much better and more elaborate creation. While 
the third prototype builds upon the lessons learned from both the first and second 
prototypes it differs from them enough to merit the creation of a fourth prototype, 
to incorporate the lessons learned from working with and evaluating the visual 
representation of the moral problem. The fourth prototype could probably have 
fulfilled at least one more criteria in helping the user to weigh relevant values and 
interests against each other in both positive and negative aspects, the criteria that 
was almost fulfilled in the third prototype. 
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10 Appendix 
 
The following pages contain wireframe sketches and screenshots from the three 
prototypes. 
 

10.1 Appendix contents 
 
Wireframes for the first prototype 
Image 1: Wireframe 1 for the first prototype, the autonomy matrix for the 
stakeholder “Sailors”. 
Image 2: Wireframe 2 for the first prototype, adding a stakeholder. 
 
Wireframes for the second prototype 
Image 3: Wireframe 1 for the second prototype; the first step of the dialog showing 
the problem description. 
Image 4: Wireframe 2 for the second prototype; identifying stakeholders and 
stakeholder values. 
Image 5: Wireframe 3 for the second prototype; identifying actions. 
Image 6: Wireframe 4 for the second prototype; the final step of the dialog, 
analysis. 
 
Wireframe for the third prototype 
Image 7: Wireframe 1 for the third prototype; the drawing canvas, toolbox and 
generic properties. 
Image 8: Wireframe 2 for the third prototype; stakeholder properties 
Image 9: Wireframe 3 for the third prototype; start of the analysis. 
Image 10: Wireframe 4 for the third prototype; impact of solutions on global values. 
Image 11: Wireframe 5 for the third prototype; impact of solutions on stakeholder 
values. 
Image 12: Wireframe 6 for the third prototype; impact of solutions on stakeholder 
obligations. 
Image 13: Wireframe 7 for the third prototype; impact of solutions on stakeholder 
expectations. 
Image 14: Wireframe 8 for the third prototype; summary of the analysis. 
Image 15: Wireframe 9 for the third prototype; making a decision. 
Image 16: Wireframe 10 for the third prototype; creating a report, part 1. 
Image 17: Wireframe 11 for the third prototype; creating a report, part 2. 
 
Screenshots from the first prototype 
Image 18: Screenshot 1 from the first prototype; the welcoming screen. 
Image 19: Screenshot 2 from the first prototype; the problem description. 
Image 20: Screenshot 3 from the first prototype; an autonomy matrix for the 
stakeholder “Captain Birk”. 
Image 21: Screenshot 4 from the first prototype; an autonomy matrix for the 
stakeholder “Sailors”. 
Image 22: Screenshot 5 from the first prototype; dialog windows. 
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Screenshots from the second prototype 
Image 23: Screenshot 1 from the second prototype, welcoming screen 
Image 24: Screenshot 2 from the second prototype; problem description. 
Image 25: Screenshot 3 from the second prototype; autonomy matrix for the 
stakeholder “Captain Birk”. 
Image 26: Screenshot 4 from the second prototype; autonomy matrix for the 
stakeholder “Sailors”. 
Image 27: Screenshot 5 from the second prototype; first step of the dialog, problem 
description. 
Image 28: Screenshot 6 from the second prototype; identify stakeholders and 
stakeholder values. 
Image 29: Screenshot 7 from the second prototype; identify actions. 
Image 30: Screenshot 8 from the second prototype; analysis. 
 
Screenshots from the third prototype 
Image 31: Screenshot 1 from the third prototype; the drawing canvas, toolbox and 
generic properties. 
Image 32: Screenshot 2 from the third prototype; the first step of the analysis. 
Image 33: Screenshot 3 from the third prototype; solution impact on global values. 
Image 34: Screenshot 4 from the third prototype; solution impact on stakeholder 
values. 
Image 35: Screenshot 5 from the third prototype; solution impact on stakeholder 
obligations. 
Image 36: Screenshot 6 from the third prototype; solution impact on stakeholder 
expectations. 
Image 37: Screenshot 7 from the third prototype; summary and comparison 
between solutions. 
Image 38: Screenshot 8 from the third prototype; decision and general motivation. 
Image 39: Screenshot 9 from the third prototype; motivations. 
Image 40: Screenshot 10 from the third prototype; generate report organized by 
stakeholder. 
Image 41: Screenshot 11 from the third prototype;  view report organized by 
stakeholder. 
Image 42: Screenshot 12 from the third prototype;  report autonomy matrices. 
Image 43: Screenshot 13 from the third prototype; generate report organized by 
solution. 
Image 44: Screenshot 14 from the third prototype; view report 
 

10.2 Wireframes for the first prototype 
The following wireframes shows the early concept sketches for the first prototype. 
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Image 1: Wireframe 1 for the first prototype, the autonomy matrix for the 
stakeholder “Sailors”. 
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Image 2: Wireframe 2 for the first prototype, adding a stakeholder. 
 

10.3 Wireframes for the second prototype 
The following wireframes shows the early concept sketches for the second 
prototype. Note that only the differences between the first and second prototypes 
are shown, and all wireframes from the first prototype are also valid for the second. 
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Image 3: Wireframe 1 for the second prototype; the first step of the dialog showing 
the problem description. 
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Image 4: Wireframe 2 for the second prototype; identifying stakeholders and 
stakeholder values. 
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Image 5: Wireframe 3 for the second prototype; identifying actions. 
 



 73 

 
Image 6: Wireframe 4 for the second prototype; the final step of the dialog, 
analysis. 
 
 

10.4 Wireframe for the third prototype 
The following wireframes shows the early concept sketches for the third prototype. 
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Image 7: Wireframe 1 for the third prototype; the drawing canvas, toolbox and 
generic properties. 
 

 
Image 8: Wireframe 2 for the third prototype; stakeholder properties 
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Image 9: Wireframe 3 for the third prototype; start of the analysis. 
 
 

 
Image 10: Wireframe 4 for the third prototype; impact of solutions on global values. 
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Image 11: Wireframe 5 for the third prototype; impact of solutions on stakeholder 
values. 
 
 

 
Image 12: Wireframe 6 for the third prototype; impact of solutions on stakeholder 
obligations. 
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Image 13: Wireframe 7 for the third prototype; impact of solutions on stakeholder 
expectations. 
 
 

 
Image 14: Wireframe 8 for the third prototype; summary of the analysis. 
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Image 15: Wireframe 9 for the third prototype; making a decision. 
 
 

 
Image 16: Wireframe 10 for the third prototype; creating a report, part 1. 
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Image 17: Wireframe 11 for the third prototype; creating a report, part 2. 
 
 

10.5 Screenshots from the first prototype 
Screenshots taken from the first prototype. 
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Image 18: Screenshot 1 from the first prototype; the welcoming screen. 
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Image 19: Screenshot 2 from the first prototype; the problem description. 
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Image 20: Screenshot 3 from the first prototype; an autonomy matrix for the 
stakeholder “Captain Birk”. 
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Image 21: Screenshot 4 from the first prototype; an autonomy matrix for the 
stakeholder “Sailors”. 
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Image 22: Screenshot 5 from the first prototype; dialog windows. 
 

10.6 Screenshots from the second prototype 
Screenshots taken from the second prototype. 
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Image 23: Screenshot 1 from the second prototype, welcoming screen 
 

 
Image 24: Screenshot 2 from the second prototype; problem description. 
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Image 25: Screenshot 3 from the second prototype; autonomy matrix for the 
stakeholder “Captain Birk”. 
 

 
Image 26: Screenshot 4 from the second prototype; autonomy matrix for the 
stakeholder “Sailors”. 
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Image 27: Screenshot 5 from the second prototype; first step of the dialog, problem 
description. 
 

 
Image 28: Screenshot 6 from the second prototype; identify stakeholders and 
stakeholder values. 
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Image 29: Screenshot 7 from the second prototype; identify actions. 
 

 
Image 30: Screenshot 8 from the second prototype; analysis. 
 

10.7 Screenshots from the second prototype 
Screenshots taken from the third prototype. 
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Image 31: Screenshot 1 from the third prototype; the drawing canvas, toolbox and 
generic properties. 
 

 
Image 32: Screenshot 2 from the third prototype; the first step of the analysis. 
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Image 33: Screenshot 3 from the third prototype; solution impact on global values. 
 

 
Image 34: Screenshot 4 from the third prototype; solution impact on stakeholder 
values. 
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Image 35: Screenshot 5 from the third prototype; solution impact on stakeholder 
obligations. 
 

 
Image 36: Screenshot 6 from the third prototype; solution impact on stakeholder 
expectations. 
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Image 37: Screenshot 7 from the third prototype; summary and comparison 
between solutions. 
 
 

 
Image 38: Screenshot 8 from the third prototype; decision and general motivation. 
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Image 39: Screenshot 9 from the third prototype; motivations. 
 
 

 
Image 40: Screenshot 10 from the third prototype; generate report organized by 
stakeholder. 
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Image 41: Screenshot 11 from the third prototype;  view report organized by 
stakeholder. 
 
 

 
Image 42: Screenshot 12 from the third prototype;  report autonomy matrices. 
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Image 43: Screenshot 13 from the third prototype; generate report organized by 
solution. 
 
 

 
Image 44: Screenshot 14 from the third prototype; view report 
 
 
 
 


