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ABSTRACT 
PURPOSE – The purpose of this exploratory thesis is to gain insights into the individual decision 
making competence levels for the decision makers and solution designers at production level 
at Scania Research and Development. And develop a simple framework for counteracting the 
negative influences of the cognitive biases and heuristics on the decision making process. 

DESIGN/METHODOLOGY/APPROACH – We used survey methodology to measure the 
competence in avoiding cognitive biases and heuristics. The survey is based on the Adult 
Decision Making Competency Survey (A-DMC) (Bruine de Bruin, et al., 2007). The survey 
measured the performance of the participants from Scania R&D on the analytic competences 
(Applying Decision Rules, Resistance to framing and Consistency in Risk Perception) and the 
heuristic decision making competences (Under/Overconfidence, Resistance to Sunk Costs and 
Recognizing Social Norms). The scores on the A-DMC not only reflect the performance on the 
measured component task but can be interpreted as indicator of normative decision-making 
competence in resisting the cognitive biases and heuristics. The survey has 135 question and 
received responses from total 55 participants from. 

FINDINGS – The research shows that the individual decision making competence scores of 
solution designers and decision makers shows no significant difference. On the other hand, 
age seems to clearly have a correlation with the analytic (negative) and heuristic (positive) 
decision making competence. We have also looked into the correlation between the A-DMC 
scores and Age/Experience of the survey respondents. 

RESEARCH IMPLICATIONS – The research findings contribute to understanding of the 
relationship between the role, experience and age to the individual decision making 
competence using the A-DMC battery of questions. 

PRACTICAL IMPLICATIONS – All is not lost in the battle against the systematic irrationality and 
departure from the normative models of decision making. It is possible to counter act the 
negative influences of cognitive biases and heuristics on decision-making by spreading 
awareness and using simple frameworks. Companies can effectively prepare their staff by 
targeted trainings for decision making competence weaknesses in different age groups. 

KEYWORDS – individual decision making competence, cognitive biases, heuristics, product 

development projects, counter acting biases.  
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1 INTRODUCTION 

1.1 BACKGROUND 
“Decisions based on emotion aren't decisions, at all. They're instincts. Which can be of value. The 
rational and the irrational complement each other. Individually they're far less powerful.” (House of 
Cards, Episode 12, 2013). 

We humans are proud of our ability to make objective, logical and rational decisions (Ariely, 2010). 
Decision making is one of the most important activities in our professional and personal lives. We 
make a lot of simple and small decisions almost continuously and unconsciously. And then, there are 
decisions that are complex, important and vital for people’s lives which needs much more deliberation 
and demands even more energy from our mental faculties.  

People intend to make the best decision in favour of themselves, their organisation or the society at 
large but the biases in judgement and decision making cause costly errors (K. Morewedge, et al., 2015). 
We assume that we are making decisions which are right and based on reason. And this is true some 
of the times, but we are making decisions on regular basis that turn out to be bad or less good for its 
purpose. Especially when we have to make “big, painful, difficult choices”, our cognitive biases lead 
us astray from the right path (Ariely, 2010). Bad decisions does not necessarily have to be intentional 
or deliberate, but rather can be linked to how the decisions were made (Hammond, et al., 2009). It 
can depend on lack of information, or rather lack of communication, incorrect assumptions or just 
plain overlooking of the facts, possible alternatives for the decision not clearly defined and project 
goals such as cost, quality, time, etc. not accurately weighted, prioritized and balanced.  

Everyone will make mistakes, and in general the decision maker tries to make the best decision within 
the given conditions. There are two important aspects which influence the quality of the decisions 
being made, the decision making process and the decision maker itself (Hammond, et al., 2009). The 
conditions are not always the root cause to a faulty decision, but instead it is at times in the mind of 
the decision maker. According to Hammond, it is not just the faults in the decision making process 
that contributes to bad decisions, but also the flaws in the process of the mind of the decision maker 
(Hammond, et al., 2009). Our mind can influence the decision negatively, leading to bad decisions 
without the decision makers doing it consciously. Most decision will not have high validity, but most 
probably be good enough (Kahneman & Klein, 2010). Correctly communicated information and 
additional awareness of project conditions and goals are crucial for decision makers to achieve project 
and business goals. However, the cognitive influences on the decision are not easily recognisable and 
need greater attention, and in particular the cognitive biases and heuristics. An ideal decision making 
framework should be able to counter the effects of cognitive biases introduced by everyone involved 
in the decision making process. 

At Scania’s Research and Development, the decisions at the production level are prepared by the 
technical experts. And it is the line managers who make the actual decision and own the decisions on 
alternatives or strategies to act on. Although, the literature and practice puts a great amount of focus 
on the actual alternative choice by the decision maker, in the decision making process. The risk of 
cognitive biases and heuristics effecting those involved the solution design in the upstream steps in 
decision making is crucial to making rational decisions. The aim of this exploratory thesis is to evaluate 
the ability, of both the technical experts and the decision makers, to avoid departure from the 
normative standards of decision making. We have chosen to use a survey based on A-DMC as the 
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scores on the A-DMC not only reflect the performance on the measured component task but 
can be interpreted as indicator of normative decision-making competence in resisting the 
cognitive biases and heuristics (Bruine de Bruin, et al., 2007). 

1.2 PROBLEM DISCUSSION 
In product development projects, decisions are being made at all the levels in the project including 
business, project management and production level. There are different types of decisions being made 
at each of these levels. The decisions made at the production level of a project organisation are critical 
to the achievement of the goals at the project level and subsequently for achieving the success of the 
strategic goal set out at the company’s operational level. While, the business level and project 
management level takes strategic decisions about “What to do?”, whereas the production level 
decisions are mainly of operational nature regarding the “How to do?”. See Figure 7, below for 
different levels in a project model (Scania CV AB, 2008). 

In an ideal setup, decision makers at different levels are aware of the importance of taking objective 
decisions, free from the biases and psychological traps that can negatively influence the outcome of 
the decisions. The decision making process, should help eliminate these biases and psychological 
traps, ensuring the achievement of the project goals leading to realization of project benefits and 
which in turn results in fulfilment of company’s objectives. Statistics from the R&D project office 
(Aspemar, 2016) shows that project goals are indeed not always fulfilled. In appendix 8.4, we exhibit 
the key performance indicator of projects on time. Not many projects have an introduction time 
according to the original agreed and stated in the project definition (PDF). The trend has been positive 
lately, but it has been increasing from a very low level. However, during 2015 the trend was broken 
and fell back heavily. Our opinion is that the cognitive biases & heuristics as being one of the major 
factor leading to the unfulfilled project goals. 

Most of the mainstream literature (Snowden & Boone, 2007) (Drucker, 1967) (Hammond, et al., 2009) 
(Ronkainen, 1985) describes the decision making process in the context of strategic decisions being 
made at the business level. We would focus our study to the operational decisions being made at the 
production level in the product development projects at Scania R&D. Our experience is that in 
production level, where the decisions regarding, “the how” to achieve the project goals are made, 
there is very little awareness about the existence of barriers and traps to making good decisions. 

We would investigate the theory about the decisions making process and the challenges that exist in 
making normatively sound decisions. And in the next stage, conduct survey among the technical 
experts and decision makers to understand their thought process, awareness of the biases and 
psychological traps that exist. We would conclude by comparing the theory with the practice. 

1.3 PROBLEM FORMULATION AND PURPOSE 
The theoretical problem is that, most of the decision making frameworks/tools (Tonnquist, 2010) 
(Wenell, 2001) used, in project management of product development projects, do not take in to 
account the effects of heuristics and biases on the in-data for the decision models as well as the 
experts involved in design of solutions. Although the actual selection among alternatives or the 
evaluation-choice routine, depends to a large extent on the quality of the in-data, design of solutions 
and due diligence done in the stages upstream in the decision making process, the literature on 
decision making focuses to a large extent on just the selection routine. The stages before the selection, 
involving the problem identification and design of the solutions are equally prone to the cognitive 
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biases, effecting the quality of the alternatives made available to the decision maker and ultimately 
the outcome of the decision itself. Both the decision makers and technical experts or solution 
designers, at the production level should be aware of the negative influences of psychological traps 
and biases. And the decision making process should support the decision makers in making good 
decisions. As it is critical for the company that the decisions being made at the production level lead 
to the goals set out by the project management level. 

Our hypothesis is that everyone involved in the decision making process are equally critical for the 
quality of decisions made. Based on the above problem formulation we have come up with two 
research questions for our thesis: 

 How skilled are the technical experts compared to decision makers at Scania R&D in handling 
the framing bias, under/overconfidence, social norms, decision rules, sunk cost bias and risk 
perception?  

 How can cognitive biases be countered or neutralised? 

The aim of the research is to evaluate the competence of decision makers at Scania R&D in handling 
the cognitive biases and suggest methods for countering these biases. The research would show if 
there is any difference in competence of those involved in solution design and those responsible for 
the selection among alternatives. The following research objectives have defined to operationalise the 
research questions stated above: 

1. Test the decision making skills in handling cognitive biases, of the technical experts who design 
the solutions and decision makers (line managers) at Scania R&D using survey strategy. 

2. Find out the methods and frameworks suggested in literature to counter act the common 
biases. 

3. Create a simple and practical framework adopted to the Scania R&D. 

1.4 DE-LIMITATIONS 
We would focus on product development projects within a single firm, Scania Research and 
Development. Decisions are being made at all levels of the project. We would limit the study to the 
decision making and goal setting in product industrialization projects, and decision making at the 
various decision forums at production level and at the interface to the project level. Decision forums 
included in the study are technical meetings at different levels in the line organisation. This is being 
done to limit the scope of this study and make it practically achievable in the time frame available for 
the thesis. The reason for focusing on these forums at production level, as in these forums the decision 
maker and solution designers are two distinct roles. And makes it possible to make reasonable 
observations. 

For the purpose of this study, we make an assumption that all the due diligence has been done at the 
business level while creating the business case for the project to ensure that the end customer of the 
product is getting what they had demanded.  

There are lot more factors affecting the decisions for example morality, legality, lack of/insufficient 
information etc., other than heuristics and biases. Lack of information or insufficient information 
about what to achieve and how to prioritise may be important factors and of great interest to 
understand better. However, we believe the effect of biases and heuristics in decision making are less 
known to decision maker and experts. Hence, for the sake of simplicity the scope of our research is 
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limited to the rationality of the decisions being made. The study would only be focusing on the 
departure from the normative standard for decision making.  

1.5 THESIS’ STRUCTURE 
Chapter 1: Introduction. We begin the introduction chapter with a background on the work done in 
the thesis to the readers. The second section discusses the problems with heuristics and cognitive 
biases on the decision making process, followed by the research questions and the purpose of the 
research. In the last section of this chapter, we discuss the de-limitations to the scope of the research 
being done in this thesis. The overall thesis structure is shown in Figure 1. 

Chapter 2: Theory. The literature review has been organised in three major sections: Decision making 
process and projects, Cognitive biases and heuristics and Counter-measures for cognitive biases and 
heuristics in decision making 

In the first section we discuss the decision making process in projects, the decision making theory, the 
decision making process and the core competencies needed in making rational decisions. We then 
discuss the different forms of project organisations, levels in the project model and the differences in 
the nature of the decisions made at different levels of the project models. In the second section, the 
focus is on the literature about cognitive biases and heuristics and situations where the different 
biases can be usually seen. And in the last section of the theory, we review the literature for the 
counter measures for the cognitive biases and heuristics in the decision making process.  

 
Figure 1 Thesis structure 

Chapter 3: Method. In this section we describe the methodology used to do the literature review and 
data collection. A brief description of the A-DMC survey task components and it evaluation is given. In 
the last part of the section we discuss the reliability and validity of the data collected using the survey.  

Chapter 4: Empirical findings. The empirical findings chapter is divided in two parts. In the first part, 
survey, we present the scores and descriptive statistics for the six A-DMC component task from the 
survey conducted at Scania R&D. We also show the bivariate correlation between the scores on the 
A-DMC survey and the work experience; and age of the survey respondents at Scania R&D. And in the 
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second part, an account of authors’ observations from the different decision forums about the 
relevant cognitive biases.  

Chapter 5: Analysis. In the analysis chapter we discuss the empirical findings in the context of the 
literature on the topic described in Chapter 2 Theory. The aim of the analysis is to discuss the validity 
of our hypothesis and prepare the base for the conclusions to be made in the next chapter. 

Chapter 6: Conclusions and Implications. This chapter aims to describe the extent to which research 
objectives have been achieved, the highlights from the findings and analysis section, and its practical 
implications. The authors’ also give their perspective for the possible future research to build on to 
this thesis.  
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2 THEORY 
While the term “decision” refers to the choice one makes about something after applying rational 
thinking, decision making is the thinking process for “logical” selection of an alternative from the 
available alternatives (WebFinance, Inc, 2016). When a problem emerges, the goal is established and 
then possible solutions to achieve this established goal and solving the problem at hand are identified. 
These alternatives are then evaluated and the one deemed most suitable is chosen.  

Not all bad results originate from a faulty decision. It can also come from a calculated risk. However, 
it is not easy to distinguish between calculated risks and faulty decisions. A faulty decision can be 
linked back to how the decision was made (Hammond, et al., 2009), and can be a result of lack of 
information, correct information not being communicated, alternatives for decision not being clearly 
stated and project goals such as time, cost, quality, etc. not being weighted and prioritised correctly 
(Finkelstein, et al., 2009b). But the human mind is also influencing the decision negatively with all the 
cognitive biases and heuristics coming in to the play. It does not matter if a decision making process 
is perfect, humans will still make mistakes due to cognitive influences on the judgment. 

There are, according to Finkelstein et al. (2009b), two factors that lead to faulty decisions by an 
individual or a group. The first factor is that one or more influential persons makes a bad judgment, 
and the second factor is that no one during the discussions are correcting the error in the judgment. 

The literature review has been organised in three major sections: 

1. Decision making process and projects 
2. Cognitive biases and heuristics 
3. Counter-measures for cognitive biases and heuristics in decision making 

In the first section we discuss the decision making process in projects, the decision making theory and 
the different decision making tools, the different forms of project organisations, levels in the project 
model and the differences in the nature of the decisions made at different levels of the project models. 
In the second section, the focus is on the literature about cognitive biases and heuristics and situations 
where the different biases can be usually seen. And in the last section of the theory, we review the 
literature for the counter measures for the cognitive biases and heuristics in the decision making 
process. 

2.1 DECISION MAKING PROCESS AND PROJECTS 
The decision theory assumes that the when faced with the options to choose the decision maker does 
so in a non-random, goal oriented manner (Hansson, 2005). In theory, decision making is highly 
simplified (Drummond, 2012) and the theory assumes that the decisions we make are always based 
on logic, rationality and understates the fact that intuition, heuristics and biases influences our 
thought process significantly. This reliance of the decision maker on the intuition introduces the errors 
in our reasoning. 

The decision making theories are classified as normative and descriptive decision theories. The 
normative decision theory is a theory about how the decisions should be made for it to be rational 
whereas the descriptive decision talks about how the decisions are actually made in real life situations 
(Hansson, 2005). The main standards for normative decision making models comes from the 
probability theory, utility theory, and statistics. Normative decision making model or theories are the 
mathematical models or theories that describes the norms against which judgements are 
benchmarked (Baron, 2004). The decision making theory is a much simplified process compared to 
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the complexity of the real world. These simplifications are helpful in ordered circumstances but as 
soon as the complexity and uncertainty enter the equation they are no longer helpful to the decision 
makers. 

In this section, we would discuss about the decision making process in general and then go on to 
describe decision making styles. And in last section we discuss the different forms of project 
organisations and different levels in the project management model used at Scania’s Research and 
Development. 

2.1.1 Decision making process in general 
As most decisions are not taken in an impulse and take time, it therefore seems natural to break down 
decision making in phases and stages. Decision making models can be divided as being sequential or 
non-sequential models. The sequential models describe the decision making process as discrete stages 
with a set sequence. While non-sequential models are more realistic, as they allow the different steps 
or stages, of the decision making process, to be re-ordered according to the need of the decision 
problem (Hansson, 2005).  
 
The key elements of decision making process; is the understanding of the purpose, being able to 
identify the biases our decisions can be tainted and lastly being aware of the consequences of the 
decision being made. According to Brim (1962), decision making process can be divided in to following 
six sequential steps: 
 

1. Problem identification 
2. Gathering the relevant information 
3. Creating probable solutions 
4. Critical evaluation of the solutions 
5. Selection of an alternative 
6. Implementation of the chosen alternative 

 
In decision making process proposed above the different steps or stages of the process are considered 
as being in sequence and had to be executed in the stated order, in practice however it difficult for us 
to gather relevant information, without simultaneously thinking about the probable solutions that it 
leads us to and evaluating them in parallel. It is much more reasonable to assume that the decision 
making process consists of these distinct stages but they can happen parallel to each other and are 
not necessarily having a "simple sequential relationship" (Hansson, 2005). 

According to Mintzberg, decision making process can be broadly divided into three major stages or 
phases (See Figure 2): 

1. Identification 
2. Development 
3. Selection 

In identification phase consists of two activities, the first being the "decision recognition" during which 
the problem is identified and decision makers receive the first unstructured information or data. The 
second activity in this stage is the "diagnosis", and this involves researching the existing and new 
information streams for relevant data to elucidate and describe the problem. In the development 
phase of the decision making process, the solutions are elucidated and described. In this stage as well 
there are two activities performed, the first being "search" routine which tries to find the existing 
solutions to the problems. While the second routine, "Design" involves customising of the existing 
solutions found in the earlier routine or creation of new solutions. The last phase, selection, consist of 



Theory 

8 | P a g e  

 

three routines; screen, evaluation-choice and authorisation. The screen routine is used for further 
filtering down the existing solutions which were found and filtered during the search routine. In the 
evaluation-choice routine, the actual selection among the available alternatives is done by using one 
or more of the three methods, intuitive judgement, requirement balancing and analysis. The final 
routine is authorization, which involves having the decision maker higher up in the organisational 
hierarchy approve the solution (Mintzberg, et al., 1976).  

 
Figure 2 The relationships between the phases and routines of a decision process (Mintzberg, et al., 1976) 

According to Mintzberg et al, supported by the findings from observation, although relatively small 
amount of time is actually spent in the choosing of the alternatives in the decision making process, 
compared to the large amount time spent in the identification and development phase. But still the 
decision theory and most of the literature on decision making is way too focused on the "evaluation-
choice" routine. The success of the “evaluation-choice” routing depends to a large extent on the 
quality of the work done in the earlier phases of identification and development (Mintzberg, et al., 
1976).  

2.1.2 Decision tools in projects 
As we mentioned in our discussion about the theoretical problem, literature about different tools used 
for making decisions does not take into account the biases influencing the in data of the decision tool. 
The tools use three different methods to analysis risks and opportunities. The first method, such as 
maxi risk method (Tonnquist, 2010) and mini risk method (Wenell, 2001), uses estimated numbers, 
often in a scale 1 to 10, to evaluate consequences and likelihoods of something to occur. The second 
method, such as SWOT (Tonnquist, 2010), uses descriptive writing to highlight different implications 
and solutions. The third method, such as FMEA (Stammatis, 2003), uses a mix estimated numbers and 
descriptive writing.  

 
Figure 3 Example of Mini Risk Assessment 
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Figure 4 Example of FMEA (iSixSigma, 2016) 

Another method to break down a problem or situation is to use what is called a decision tree, where 
each step is evaluated and new steps are brought up by the solution designer or working group. The 
method can be accurate and effective but will quite fast become complex and thereby more difficult 
to use (Quinlan, 1987). All methods described are built upon estimations, evaluations or knowledge 
of the solution designers. 

 
Figure 5 Example of Decision Tree 

 

2.1.3 Decision making competence 
The normative models of decision making refers to four core decision making competences: ability to 
structure a decision problem, the ability to comprehend the decision options, ability to integrate 



Theory 

10 | P a g e  

 

information & reasoning, and the ability to understand one’s own limitations in decision making skills 
(Bruine de Bruin, et al., 2007) (Edwards, 1954). 

Decision Structuring refers to the ability to generate solutions for the problem at hand, to understand 
the consequences or outcomes of acting on each of this option, and the likelihood and importance of 
those outcomes. Decision structuring of the problem is a critical first step of the decision making 
process as it is important that the decisions are based on correct evaluation of the real world and 
consequences of those decision option. The decision theory identifies decision structuring 
competence as value assessment and belief assessment. While value assessment involves being able 
to judge the relative importance between the outcomes of decision options, belief assessment is the 
ability to judge the probability or likelihood of an outcome to occur as result of the decision options 
(Finucane & Lees, 2005).  

Information integration is the ability to combine the different elements, for example value and belief, 
of the decision making in an unified way (Bruine de Bruin, et al., 2007). According to research, the two 
most relevant factors for decision making competence are the effective decision strategy selection 
and consistency. The decision strategy selection refers to that aspect of information integration which 
involves effective combination of decision-making elements. And consistency refers to the ability to 
consistently assign weightages to the attributes across the superficially difference in the description 
of the decision options. The weightages or the preferences to the attributes may change in the 
different decision situations intentionally, but there is a risk of unintentional inconsistency creeping in 
with only the change in the description of the decision options (Finucane & Lees, 2005). 

Insight or Metacognition refers to the ability of the individual to recognise his or her own extent or 
limitations of decision-making skills (Bruine de Bruin, et al., 2007). While comprehension is 
understanding the information being conveyed, insight involves understanding the consequences and 
influences of our own limitations, heuristics and cognitive biases (Finucane & Lees, 2005). 

2.1.4 Project Organisation 
According to Hobday (2000), there are six ideal forms of project organisation ranging from the purely 
functional to the purely project organisations. In Figure 6, the various functional departments, for e.g. 
R&D, Production, Sales, Marketing etc., in the organisation are represented by the letter F1 to F5 and 
the project being undertaken by the organisation are represented by P1 to P5. In the purely functional 
project organisation, the project manager’s sole responsibility is coordinating the resources, 
monitoring the progress of the work and reports in to one or more functional managers (Type A). At 
the other extremes is the project based organisation, where the entire business is organised around 
product/project lines (Type F). 

In a function based matrix organisation (Type B), there is a weak project coordination across the 
different functions. While in a balanced matrix (Type C), the responsibilities for the project deliveries 
are shared by the project management and the functional management. The project management has 
a stronger authority as compared to functional matrix. In the project/product matrix form (Type D), 
the project managers have the control over the resources and finances. The project managers and 
functional level managers are at the same level. In project-led organisation (Type E), the demands of 
the project carry much more weight than any individual functions. Also, there is much representation 
of the project in the senior management and coordination across the project exists (Hobday, 2000). 
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Figure 6 Different forms of Project Organisations (Hobday,2000) 

At Scania R&D, the project organisation is a balanced matrix (Type C), with the project office and the 
line organisation sharing responsibilities of the project deliveries. The line managers own the 
resources and are also responsible for delivering the product properties/targets set out in the project 
definition. 

 

 
Figure 7 Project Model with levels, roles and responsibilities 

In project model used by Scania Research and Development, the project organisation operates at 
three different levels, namely, business level, project management level and production level. As 
mentioned earlier in the text, the business levels make decisions which are of strategic nature. It is 
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the business level which takes the decisions about the projects and portfolio that are to be undertaken 
for the achievement of the company’s strategic goals. The business level has representation from all 
the functions including marketing, sales and R&D. The differences lie in the roles and responsibilities 
of members in each of these project model levels. The business level, is responsible for initiating 
projects and maintaining the project portfolio which helps in achieving the organisational goals. While 
the business level has the responsibility for communicating “Why” the organisation should undertake 
a particular project or a certain project portfolio. The project management level takes strategic 
decisions about “What to do?” and “When to do”, whereas the production level decisions are mainly 
of operational nature regarding the “How to do?”. See Figure 7, above for different levels in a project 
model. 

2.2 COGNITIVE BIASES AND HEURISTICS 
Cognitive biases are not intentional or fanciful thinking affecting the decision making or selection of 
alternatives but rather systematic deviation from making of rational judgements (Haselton, et al., 
2005). These are errors which are made in the presence of all the required data in making a logical 
judgement. 

On the other hand, Heuristics are one of the processes that lead to biases and refer to the simple rules 
based on experience, a sort of mental short cuts used in making decisions which may not be accurate 
but suffices in most common situations. Heuristics do not guarantee correct response in all the 
situations. Stereotypes are one such heuristics, which may not be accurate in making judgements. 
Examples of this method include using a rule of thumb, an educated guess, an intuitive judgment, 
stereotyping, profiling, or common sense (Haselton, et al., 2005).  

Mental shortcuts or heuristics are often used in making decisions and judgements. And in most cases 
heuristics are good basis. But one of the biggest factor determining the success of intuition based 
judgement is expertise. The decision maker should have been exposed to the iterative process of 
decisions in the domain. Wherein the decision maker develops and learns the causal relationship 
between the choices and feedback on the results or consequences of choosing those alternative. 
According to research it takes at the least 10 years of repetition and feedback loop in a particular 
domain to develop expertise and accurate heuristics. Locke recommends that, the intuition should be 
used in combinations with the analytical approach. Another factor which determines the 
appropriateness and success of the intuitive approach is the unstructured nature of the problem at 
hand (Locke, 2015). 

According to Kahneman (Tversky & Kahneman, 1974), humans depend on a limited number of 
heuristic principles for converting complex problems concerning probabilities and prediction to 
simplified judgement problems. While these heuristics can be quite useful in many situations it can 
sometimes lead to “severe and systematic errors” (Tversky & Kahneman, 1974). Decision makers think 
of themselves as “objective, rational and logical”. They are proud of the “fact” that they are making 
decisions based on reason and rationale. We wrongly assume decisions and choices we have made 
are the right ones. We might have the right choices some of the times but in most cases cognitive 
biases introduces the error in judgement, particularly when we have to make a critical, difficult or 
important decisions (Ariely, 2010). The risk of being caught in a psychological trap increases when 
more things are at stake and the problems are more complexed and highly important. It is at this time 
decision maker tend to use the most assumptions, estimates, and the most input from advisers around 
(Hammond, et al., 2009). When decisions or judgements are being made the mind depend on 
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heuristics which associates clarity with proximity (Hammond, et al., 2009). For an example, a clearer 
object seems to be closer than a fuzzier object. 

Cognitive scientists believe that, intuition and reasoning are the two different modes in which the 
human brains process thoughts. Kahneman (Kahneman, et al., 2011) calls the intuitive operation mode 
of brain as “system 1” and the reflective mode as “system 2”. Although, both system 1 and system 2 
are active simultaneously, it is system 1 which is the default mode of operation for the brain while 
system 2 keeps a close watch. System 2 kicks in when the challenge encountered is important or 
complex, or when we need to make a decision based on reasoning. 

System 1 is intuition based, causal thinking, fast, automatic and pre-attentive. System 1 guesses well 
most of the time, shortcuts that lead to errors of judgment/mistakes works well vast majority of the 
time. System 1 creates a simplified image of the everyday events and helps us to do activities like 
walking, making small changes to steering wheel while driving car, without us having to consciously 
focus on how to do the activity (Kahneman, et al., 2011).  

System 2 on the other hand is slow, deliberative, reflective and is demanding on the mental faculties. 
System 2 is in action when we are learning to drive a car or trying to multiply numbers like 17 with 24. 

Previous researches have indicated that social skill, self-awareness and emotional intelligence, is of 
importance when making competent decisions. A typical decision making involves a conflict between 
emotions and reason (Geisler & Allwood, 2015). 

According to Kahneman et al. (2011), only the awareness of biases does not guarantee that we would 
be able to negate the biases or avoid them. In fact, one of the major differences between the errors 
made by the system 1 and system 2, is that the decision maker is more aware of the errors in logic 
made by system 2 compared to the unchallenged decisions made by intuition in system 1 mode. It is 
this inability to detect the errors and biases in our own decisions which makes it difficult to counteract 
the biases in decision making on our own. 

In the following sections, we have grouped the cognitive biases and heuristics into blocks with 
different typical situations where biases may occur. Each block contains several biases and heuristics 
influencing decisions. 

2.2.1 Typical biases and heuristics in structuring of information 
To be able to make a decision, the question or the problem needs to be structured and framed. By 
framing the question, the scope is limited. This very first step in decision making is one of the most 
precarious steps, since it is at this stage the problem is framed setting the preconditions. Depending 
on how it is framed it can strongly influence a decision (Hammond, et al., 2009). Framing bias can lead 
to many other biases, such as sunk cost or confirming bias, discussed in section 2.2.3. The typical 
scenarios for the framing is decisions with an outcome of gain and loss. In general people will favor 
decisions with a gain over a loss. It is in the same way important how the problem or question 
presented to decision makers. 

The result of a research based on a theory proposed by Daniel Kahneman and Amos Tversky (1974) 
showed the typical framing bias. The participants were asked to choose between two alternatives, A 
and B, how to treat a deadly disease, Table 1. When the alternatives were presented with a positive 
interpretation as many as 72% of the participants chose alternative A. However, when presented with 
a negative interpretation only 22% chose alternative A. 
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Table 1 Framing Biases 

Hammond et al. (2009) performed a similar research based on the theory of Daniel Kahneman and 
Amos Tversky. Two groups were formed and each group were asked two questions A and B, 
respectively C and D. Question A and C, and B and D, had the same meaning but was formulated 
differently. What is significant in both researches is with diverse amount of risk between the 
alternatives the less risky alternative is to be preferred. Hammond et al. (2009) also concluded that 
people are risk averse of gains but risk seeking if the problem is formulated in terms of avoiding losses. 

Also an anchoring bias in the operation of our memory can, in some cases, cause judgments to be less 
trustworthy. It all depends on how a question is formulated and the contents rate of information. If a 
question is asked with a predication, the answer will be based on that information. Questions, asking 
for the same answer, will thereby get different solutions depending on the formulation of the 
question. The first information received will be weighted disproportional by the mind (Hammond, et 
al., 2009). For an example, a question such as “Is the average price of German cars more or less than 
$100 000?” or a question as “Is the average price of German cars more or less than $30 000 and what 
is the average price?” will affect what type of cars that will be used as anchoring the answer to. 
Individuals receiving the first question will think of Porsche, BMW and Mercedes and persons receiving 
the second question will think of models such as Volkswagen Golf or Beetle.  

Another type of anchoring effect occurs when individuals make faulty correlations between the 
information they receive and the skill they have obtained. An example is when an individual is being 
asked to guess another person’s average grade from school given the information that the person 
could read at the age of 4. Most people giving direct intuitive answer to the question rate the person’s 
grade very high, as they would think that reading at age of 4 is very impressive. However, the 
correlation between reading at age of 4 and high average school grades is very low and cannot validate 
such anchoring. 

Difficulty to make a correct judgment based on the information retrieved, can also depend on 
proportional dominance. Proportional dominance will occur especially when there is a big uncertainty 
about the outcome or in situations that involves uncertainty about a quantity (Slovic, et al., 2007). An 
example of the latter can be described as difficulty with proportion dominance. Most people would 
prefer a technical solution which will solve 98% of 200 trucks rather than a solution which will solve 
the problem for 200 trucks. Solving 200 trucks is good but diffuse, while solving 98% of 200 trucks is 
very good since it in the upper bound of the percentage scale, and the solution is also easier to 
evaluate. 

Framing Alternative A Alternative B 
Positive 
interpretation 

"Saves 200 lives" "A 33% chance of saving all 600 people, 66% possibility 
of saving no one." 

Negative 
interpretation 

"400 people will 
die" 

"A 33% chance that no people will die, 66% probability 
that all 600 will die." 
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Figure 8 Stimuli of filled ice cream cups (Slovic, et al., 2007) 

Figure 8Fel! Hittar inte referenskälla. above illustrates another example described by C.K. Hsee, about 
proportion dominance problem regarding filled appearance of ice-cream cups (Slovic, et al., 2007). 
People seemed more willing to pay for the over filled cup with less ice cream in it, than the under filled 
cup with more ice cream in it. 

A general aspect of bad decisions or differences in decisions is the time-approach. A previous research 
(Geisler & Allwood, 2015), about competence and quality in decision making, showed that time is an 
important aspect of decision making, and will affect the decision maker´s perception and approach of 
the problem. 

2.2.2 Typical biases and heuristics in intuitive decisions 
Intuition, or in daily speech gut feeling, plays a major role in decisions making. You can sometimes 
hear people say “my gut feeling tells me we should go for decision A”. Everyone makes decision upon 
intuitions but some intuitions are better than other. In decision making the decision maker will most 
probably listen to its experts or to its own intuition. These intuitions can be seen as professional 
intuitions, but also professional intuition is likely to success or to fail (Kahneman & Klein, 2009). Half 
of all failed decisions come from mislead intuitions based on experience (Finkelstein, et al., 2009b). As 
described earlier, intuitions are operated in system 1. Intuitions will come to the decision makers mind 
with very little effort but without any type of validation. When there are indications of the intuition 
being wrong the brain will switch method to system 2 and try to come up with a decision by reasoning. 
But checking the intuition with system 2 is not always made since it can be very difficult and take a lot 
of effort to do, or some may not even bother to try. 

There are some conditions were no indications of a mistaken intuition are perceived. Experts or non-
experts will in some cases have no or little previous experience about a certain problem and will 
thereby make an intuition based on simplified heuristics. The accuracy of such intuitions will most 
probably be low and also cause systematically biases. But even intuitions based on experience or 
proven skills will in some cases be wrong (Kahneman & Klein, 2009). However, as Daniel Kahneman 
says in an interview (Kahneman & Klein, 2010), in some occasions the intuition has to be trusted and 
followed, such as decision making under time pressure. Still, many professional intuitions are of high 
importance and a decision maker should still take advantage of the decision making process. In other 
words, there are different levels of intuition which are made up by different level of skills. 

All intuitions, professional or not, are non-rational processes and originates from recognitions. In an 
example given by Kahneman and Klein (2009) and first described by H. A. Simon in 1992, a paediatric 
nurse will recognize if an infant may be seriously ill or not. It doesn’t differentiate from someone who 
is able to tell if a person is tired or angry. However, not everyone can tell if an infant is seriously ill or 
not. What differ is that the paediatric nurse is making a professional intuitive judgment. According to 



Theory 

16 | P a g e  

 

the recognition model (Kahneman & Klein, 2009) a skilled intuition needs two conditions to be fulfilled. 
First, the situation has to provide sufficiently high validity, causal and statistical structure of the 
situation. For example, early indications will tell an engineer in structural mechanics that the design 
of a wheel expansion will fail during fatigue test. On the other hand, it is difficult to say how well a 
release of a new truck program will be received by the market. If such valid information existed, the 
value of the truck manufacturing company would already reflect it. 

The opportunity to practice the skills is the second condition that has to be fulfilled. But one has to be 
aware of that even if everyone has the same opportunity to practice skills some will develop skilled 
intuitions faster than others due to personal qualifications (Kahneman & Klein, 2009). Those who 
develop this ability faster than other are still coming up with intuitions made up with the same 
recognition pattern as for all other intuitive judgments. Reasons for lack of skilled intuition may be 
due to irregular situations to learn from or due to that they have not yet mastered the area of subject. 

2.2.3 Typical biases and heuristics in motivational judgment 
We are sometimes asked to put on the “corporate hat” and become objective. However, the natural 
instinct will be the factor of what is best for own interests or the business unit. Personal motivation 
objectivity in decision is difficult to achieve (Finkelstein, et al., 2009a), but as for most of the biases 
the decision maker is unaware of the bias effect and consider the judgment as objective. But in fact, 
the decision makers are much more affected by the self-interest bias than they think. The drive to 
perform and success is driven by self-interests, and can thereby be seen as positive. The danger lies 
within the awareness to recognise and eliminate an, by the self-interest bias, enhanced judgment. 
Self-interests are more likely to occur by decisions taken by individuals than decisions made by groups 
(Schmitd, et al., 2001). 

Affect heuristic is a significant part of the decision making process and often one of the first responses 
affecting a decision (Slovic, et al., 2007). A thought is most often made up by introspective self-
consciousness, for an example “a nice looking car” and not only “a car”. The affect heuristic is the 
motivator in the decision making and it drives from the lifelong learning from situations that have 
occurred in the past. If the triggered feeling coming up is positive the action of the decision maker will 
probably be that of reproducing the feeling. If the triggered feeling is negative the decision maker will 
avoid a decision reproducing the feeling. 

If a problem is complex it becomes more easy to use triggered feelings, affect heuristic, instead of 
weighting pros and cons or retrieving relevant information from the brain´s memory, according to 
Slovic et al. (2007). Positive or negative marked memories will then affect the decision maker. 
However, the triggered feeling will vary in correctness and also in correlation to the image in the 
memory. The brain has the chance to overrule these feelings, however the brain will already be 
focused on the positive marked memory (Finkelstein, et al., 2009a). For an example, how much would 
you hesitate to employ an individual if you received information that the individual was said to be 
intellectual, or how much would you hesitate if you only got information that the individual was 
unbearable. Intellectual is a positive characteristic of a person but a more diffuse description of a 
person than unbearable, which is seemed as a negative characteristic. But how much would you 
hesitate If you received information that the individual was both intelligent and unbearable? 

A motivational judgment can also consist of not only positive marked memories but positive and 
negative present incentives, such as making a decision to appease and look good to superior 
managers.  
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Also motivational judgment plays a role in the correlation of risk and benefit. The greater the benefits 
the smaller the risk will be perceived as, and vice versa. However, people seems not to be only base 
their judgment on what they think but also o what they feel (Slovic, et al., 2007). If someone tend to 
like an activity, situation or technology they will most likely value the risk as low and the benefit as 
high, described in Figure 9. 

 
Figure 9 Model showing how information about risk and benefit affect the judgment. The model shows A and B as positive to 
nuclear power while C and D is negative to nuclear power, giving different judgments (Slovic, et al., 2007). 

Noticeable, during risk assessment, but also during daily work, a typical path for decision makers is to 
make a status quo decision. Typical examples of such tendency is the first web based newspaper which 
looked very much like a printed paper, or if someone inherit shares of stocks they don’t sell the shares 
even though they would never have bought those stocks themselves. It becomes easier not to do 
anything instead of making an action. The status quo is deeply rooted within us and will protect our 
egos from any harm (Hammond, et al., 2009). When the status quo is broken the decision maker is 
taking an action, which means taking responsibility. Staying with status quo will then be safer and put 
less risk on ourselves as decision makers. An experiment described by Hammond et al. (2009) indicated 
that the more alternatives we are given the more will we stick to status quo. This is once again about 
taking action which will mean that more efforts are needed to make the decision, and choosing status 
que as an alternative will avoid this effort. 

Another bias, which also can be related to the protection of one’s ego is the sunk cost fallacy. This is 
comparable to protecting a decision made in the past with a present decision (Hammond, et al., 2009). 
Mostly this is made, consciously or unconsciously, to avoid admitting to a mistake. In some cases, the 
corporate culture reinforces this bias depending on the organisations view of penalties. 

A decision can also be influenced by a tendency to seek for information that supports the decision 
makers point of view. This is called confirmation bias. It causes the decision maker to only see evidence 
that reinforces their idea and disregard arguments against it (Kahneman et al, 2011). Confirmation 
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bias refers to the decision makers’ behaviour of ignoring all the evidence that does not confirms to 
their notion of solution or preconceived opinion. This tendency of only seeing evidence or seeking 
information confirming the preconceived opinion does not necessarily have to be conscious, it can 
affect the decision maker unconsciously. According to Hammond et al. (2009) there are two 
fundamental psychological forces at operation. One is the tendency to find out what to do before 
everything is known about what should be done. The other force is the motivation to do things we like 
rather than things we dislike. All this leads to information backing up our own unconscious objectives. 

2.2.4 Typical biases and heuristics in estimations in decisions 
Estimations is something we all do on a daily basis, even when we are cooking dinner and adding 
seasonings or when we are estimating how long time it will take to get from point A to point B. In 
projects, decision makers will rarely get any feedback on their estimations made since the complexity 
and the time horizon is not supporting that kind of event. One type of a strong bias influencing the 
decision maker estimations is the overconfidence bias. It occurs often in areas where the decision 
makers or professionals have little or no skills (Kahneman & Klein, 2009). The human being is not very 
good at making estimations but think very high of the accuracy of the estimates, tending to be 
overconfident (Hammond, et al., 2009).  

“Worst case scenario” is a methodology often heard about. When the risk seems to be high decision 
makers adjust their estimations to the safe side (Hammond, et al., 2009), called the prudence bias. 
The worst case scenario can sometimes make the decision to not line up with a project goal or make 
the business case become bad. Many times the conditions for a worst case scenario to come true is 
very small. A worst case scenario can increase costs to the project or the product without no or little 
benefits. 

An estimation is also based on what we can recall from the past. What Hammond et al. (2009) 
underlines is the influence of dramatic evets on the memory. The probability of a certain event can be 
exaggerated. For an example will someone who have been involved in a car accident assign higher 
probability to such event to occur on the way to work or if a close friend has passed away in cancer 
the person will assign higher probability of dying in such decease.  

2.2.5  Typical biases and heuristics affecting decisions made in group 
Groups act different from individuals and a decision made by a group could also either be a success or 
a failure. An individual making a decision will have cognitive limitations, and a group will also have 
group dynamics influencing the decision (Schmitd, et al., 2001). 

Generally, every individual in the group has their own desired decision that will clash with the other 
group members wishes (Frisch, 2015), especially when the group is prioritising between three or more 
alternatives. A decision that seems to consist of two alternatives, in the majority of the time, comprises 
of three or more alternatives. For instance, a choice of “expanding the vehicle program with hybrid 
vehicles with the same functionality as all other vehicles in the program or leave hybrid trucks outside 
the vehicle program” will always have a third alternative – “none of the above!”. It mostly will be even 
more than three alternative since some want to expand but not with full functionality, and other group 
members want to expand with full functionality but only in some specific markets, and so forth. It is 
most likely that different sub-groups will always favour a different alternative. 

The theory (Frisch, 2015) behind this is the consciously or the unconsciously of favouring self-interests 
or organisational interests. It can be difficult for the decision maker to separate its thoughts from how 
a decision will impact the own work or the organisation it is working for. This even though everyone 
tries to think of the company’s or projects best. The “voting paradox”, as it has been called, will make 
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the leader of the meeting to become a dictator. An example can illustrate this. If a manager was to ask 
three group members their choice between travelling with bus, train or car the manager would always 
end up with a majority of turning down the suggested alternative. As Table 2 shows, if the manager 
proposes train as transportation form, it will always be a majority of 2/3 of the group preferring other 
alternatives. And the same if the manager proposes any of the other forms of transport. 
 

 First choice Second choice Third choice 
Group member 1 Train Bus Car 
Group member 2 Bus Car Train 
Group member 3 Car Train Bus 

Table 2 Options made by group members generating a voting paradox 

When clear goals are missing, group members will most likely choose alternatives grounded on less 
sound prerequisites, which will create the paradox forcing the manager or leader of the meeting to 
become the dictator (Frisch, 2015). Most often people think they are talking about the same thing but 
are thinking of different things. 

Furthermore, Thomas Powell et al. (2011) have also found that groups, more than individuals, try to 
justify its decisions with defensible reasons. Their research also indicated that this also occur even if 
the alternatives chosen contradict sound investment policy. 

A group will also tend to fall into a uniformity, also described as group thinking affect, especially in 
small groups (Schmitd, et al., 2001). The effect take place when individuals in the group doesn´t 
declare doubts about the direction of the discussion or about a decision just because of the drive not 
to break the conformity of the group. New information that is brought up at a meeting will most likely 
be discounted of several reasons. One cause is due to the need, of individuals in the group, to pay 
close attention to the ongoing discussion and will not have the cognitive recourses to take all new 
information in consideration. Schmitd et al. (2001) also brings up another cause which implies that 
new information may challenge earlier discussed alternatives or previous group decisions. The 
conformity of the group also tends to increase when the task is greater, with greater uncertainty, with 
increasing proportion of the majority for an certain alternative, with an increasing proportion of 
expertise on the part of the majority (Schmitd, et al., 2001). 

2.3 COUNTER-MEASURES FOR COGNITIVE BIASES AND HEURISTICS IN DECISION-
MAKING 
Biases are the consequence of our cognitive behaviour. Awareness of biases and its effect will help 
decision maker to make better and more sound decisions, and ensuring recommendation to become 
more reliable (Hammond, et al., 2009). But the actual effect of awareness of biases is debated. 
Kahneman, Lovallo and Sibony (2015) are more restricted about the effect of awareness of biases. 
They believe awareness affect have more limited affect than first though since cognitive biases are 
non-aware influences to the thoughts, and thereby difficult to counter measure. However, with help 
of better awareness the decision maker can minimise biases influencing their own judgement and 
decisions and but more minimise others biases to influence decision since it is easier to see other 
person’s biases than reflect on own behaviour. 

As mentioned earlier, mistakes in decisions made by the system 1 are not easy to identify by the 
individual himself. In spite of this fact, that individuals themselves cannot recognize their own biases, 
we can overcome this challenge by making the decisions more independent of decision makers and 
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more dependent on the decision making process. We can use system 2 to find logical fallacies in the 
system 1 decisions made by others. Kahneman proposes that by using a systematic process of 
evaluating the proposals and retracing the basis for those proposals to make sure that no bias of 
system 1 has crept into it (Kahneman, et al., 2011). 

Our intuition is failing us in repeatable predictable way and it seems there is nothing we are able to 
do about it. Mistakes in visual illusions are easy to point out but in the case of cognitive illusion/biases 
it is difficult to realise that one is affected by the biases. In case of difficult decision, the mind wants 
to make a decision and get over with it. Instead of trying to get in to a mentally taxing exercise of 
making sense of the complex problem it faces. This happens even to experts and people with a lot of 
experience. (Ariely, 2010). 

2.3.1 Methods and frameworks to minimise influences of biases 
In general people doesn’t have a very good ability to notice and identify biases in their own judgment, 
but more likely identify biases in situations around them (Kahneman & Klein, 2009). In situation where 
the time between the decision and the result of a decision is long the feedback to the person or 
persons making the decision will be too late and have no or little effect on understanding a bias at the 
time of the decision, and learn from it. 

Hammond et al. (2009) proposes different techniques for some of the biases to reduce the impact of 
them. First, when it come to the anchoring effect they recommend to: 

 Look at the problem from different perspectives. It can be helpful to use an alternative starting 
point than the first thought that comes to one’s mind. Bazerman and Chugh (2009) also 
suggest to have meeting agendas where all parts presents their view or information. 

 Always be open-minded. By listening to a variety of persons and by looking for information 
the chances to become narrow thinking will minimise and the references, which easily can 
become framed, will increase. 

 To avoid being anchored with others thoughts always think about the problem yourself first 
before consulting other. 

 Before the actual decision your own thoughts, estimates and tentative decisions should be 
carefully shared to advisers or consultants to minimise the risk of influencing them with your 
own preconceptions. 

 Bazerman and Chugh (2009) adds to the discussion a proposal to have one individual to 
summarise all information from all sources to create a structure for the sharing of information.  

The status quo bias, the protection of not making any harm to ourselves or to protect us from putting 
ourselves in a bad position Hammond et al. (2009) recommends to: 

 The objectives that are being fulfilled needs to be reminded and the status quo has to be 
examined if it justifies the objectives. It can be found that the status quo is a barrier to reach 
the objectives. 

 Identify several other alternatives and use them as counterbalances and weight pluses and 
minuses for all of them including the status quo. It is important to never have the status quo 
as the only alternative.  
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 If changing from the status quo it is significant not to exaggerate the effort or cost involved to 
make the change happen. 

 The attraction of the status quo will change over time. Therefore, should the alternatives be 
evaluated both in terms of future and as well as present terms. 

 Force yourself to choose the best alternative and do not only go for status quo when 
confronted with several superior alternatives, even when it can be very difficult to choose 
among them all. 

For the sunk cost fallacy, protecting one selves from an earlier bad decision, Hammond et al. 
(Hammond, et al., 2009) suggests: 

 Discuss and listen to people who were not involved in the earlier decision and who will thereby 
not be committed to the decision. Their thoughts can give a less unclear view. 

 Be aware of sunk cost fallacy in subordinates’ recommendations or decisions. If necessary, the 
responsibility has to be reassigned to someone who is not likely committed to the earlier 
decision 

 Work for a good culture without any fear of failure, and also reward people’s quality of their 
decision making process and not just the quality of the result of a decision. 

 Also try to understand why it is difficult to admit to a mistake made with an earlier decision. 

The confirmation bias, where we tend to look for information supporting our own point of view can 
Hammond et al. (Hammond, et al., 2009) suggests to minimise this by: 

 Control if you are looking at all information and evidence with equal objectivity. Question 
yourself when you find information supporting the own point of view. 

 Use someone, whom you respect, to argue against the decision you intend to make forcing 
you to make your own counterarguments. By thinking of what the three strongest arguments 
to do something else would be will help gathering information to make a better decision or 
just find evidence supporting your theory. 

 It is important not to ask leading questions which will invite confirming evidence, when asking 
for advice. If the adviser always supports your point of view you should find another adviser 
since it is important with not having yes-men around. 

When using all the information gained the whole context of the situation should be looked at. 
According to Bazerman and Chugh (2009) it will then be less likely to neglect important information. 

In the aviation industry, checklists are a fundamental part to minimize faulty decisions. Today, no 
passenger, aware of the pilots’ work, would want to fly with pilots not using checklists. Traditionally 
we believe experience and training will help us to minimize less good decisions (Gawande, 2009). But 
as the literature about biases and heuristics describes even with experience and training people will 
make bad decisions. According to Atul Gawande (2009) a checklist can help with recalling memories 
and to set out the minimum steps in a decision making process. He addresses that a checklist can 
improve the baseline performance and increase discipline, which is essential when using checklists. A 
checklist can force people to communicate and thereby work better as a team, help experts to manage 
complex problems and to make priorities more clear. The checklist described by Kahneman et al 
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(2011), and presented later in this chapter, can help decision makers identify whether the proposers 
have been affected by their own self-interest, overconfidence or other biases.  

What is important to think of is that a checklist will only work if there is discipline in using it. According 
to Atul Gawande (2009), implementing checklists can help changing the behaviour among the 
employees and in the long run the culture. There is one thing differing pilots from other professional 
occupations. Atul Gawande continues saying that all professional occupations share three common 
ideas; 

1. Expectation of selflessness in the sense of helping others depending on them instead of 
putting themselves in first line. 

2. Expectation of skill, in the sense of improving once knowledge. 

3. Expectation of trustworthiness, in the sense that you take responsibility for your own actions 

What differs pilots from other professions is the fourth idea, discipline. Discipline is hard and we as 
humans are not built for discipline. However, the aviation industry have made discipline into a norm 
(Gawande, 2009). In the article in HBR, “Before You Make That Big Decision…”, Kahneman et al. (2011) 
present a 12-question checklist which decision makers could use to evaluate the solutions proposed 
to them by helping identify and counter the biases that may have seeped in. The checklist helps the 
decision maker to have a systematic review of the decision process. The checklist questions can help 
determine whether the proposals have been result of thorough exploration of the possible alternative, 
sufficient due diligence has been undertaken and that the facts support the proposals.  

The checklist is divided into three parts; what to ask yourself as a decision maker, what the decision 
maker should ask the group coming up with recommendations, and questions about evaluating the 
proposal. 

Part 1, Questions to ask yourself as a decision maker 

1. Is there any reason to suspect motivated errors, or errors driven by the self-interest of the 
recommending team? The question should never be asked to the persons making the 
recommendations since they would probably not know or it might also affect their integrity. 

2. Have the people making the recommendation fallen in love with it? With this question 
Kahneman et al. (2011) wants to minimise the affect heuristic. We tend to minimise the risk 
of things we like and doesn’t opposite things we dislike. 

3. Were there dissenting opinions within the recommending team? All opinions should be 
explored. It is, as we discuss in “decisions made in group”, group thinking is common where 
the group tend to fall into uniformity.  

Part 2, Questions that the decision maker should ask the group coming up with recommendations 

4. Could the diagnosis of the situation be overly influenced by salient analogies? The question is 
aimed to minimise a risk of building recommendations from past success stories. The risk lies 
within the analogy of a past problem that it might not be relevant even if so appears to be. 

5. Have credible alternatives been considered? There is a risk of searching for information that 
supports the own or the groups hypothesis. All alternatives should be objectively evaluated.  
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6. If you had to make this decision again in a year, what information would you want, and can 
you get more of it now? Information might not always be available or have not been 
presented. Examine the data adequacy to prevent yourself from overlooking relevant 
information. Kahneman et al. (2011) also proposes a checklist that specifies what information 
that is relevant for certain types of decisions. 

7. Do you know where the numbers came from? Understand what figures are estimates and what 
are facts. When making the decision it is good to know what the information is based upon 
and also to consider its assumptions. 

8. Can you see a halo effect? This is to minimise decisions being made on proposals where the 
problem or a risk has been reduced or more emotional appealing. A favourable expert or a 
successful design can too easily get a raised position. 

9. Are the people making the recommendation overly attached to past decisions? A decision will 
most likely be based on history. One of the most common risks to be minimised is the risk of 
sunk-cost fallacy. 

Part 3, Questions about evaluating the proposal. 

10. Is the base case overly optimistic? It is difficult to correct proposal form optimistic biases. To 
minimise optimistic forecasts, the decision maker has to take lead and look at the proposal 
from an outside view. For an instance, the decision maker can increase the statistical 
information by asking the team about results from several similar situations. 

11. Is the worst case bad enough? The decision maker must understand what the worst case is 
built up from and also how sensitive it is to competitors’ responses. If the worst case is not 
good enough, what will then happen? Gary Klein (2011) suggest to use a technique called 
“pre-mortem”. The member of the group should think of a situation where the worst case has 
happened and come up with a story about how it happened. They are the able to evaluate if 
the proposal should pass or be reassessed.  

12. Is the recommending team overly cautious? The conservatism, status-quo, is common among 
many people. Recommending team is affected by loss aversion, where they tend to avoid 
losses. 

This type of quality control undertakes that there is a distinct separation between the decision maker 
and the recommending group. Also leaders need to prepare to become systematically in their decision 
making processes. The biggest problem with checklists is that most people don’t like checklists. 
Checklists are not exciting and procedural. For some using a checklist can feel like a failure. In cultures 
today we tend to seek for “heroes” solving our problems. Sometimes pilots are hailed when avoiding 
catastrophes, when they only have relied on and followed checklists (Gawande, 2009). What has to 
be done in decision making processes is to make checklists into standard operating processes. 

Kahneman (Kahneman & Klein, 2010) proposes to use some type of checklist especially when the 
situation don’t have high validity. Furthermore, he says the checklist will not prevent biases from 
happening but it will guide to better conclusions. The checklist itself is not about the content of the 
situation or problem but rather about the process of decision making. Gary Klein (Kahneman & Klein, 
2010) on the other hand says that checklists are less good particularly in complex situations. He says 
that it is at that time expertise are as most important. 
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2.3.2 Methods and frameworks to minimise influences of biases in groups 
It is more efficient to let a group make a decision than an individual considering cognitional processes, 
such as information recall, information exchange and using the information (assessing its 
associations). An individual will not have the same cognitive recourses to handle the three processes 
(Schmitd, et al., 2001). According to the survey, performed by Schmitd et al. (2001) the group will be 
less likely to increase the self-interests bias, over individual based decision making. 

To minimise the risks and to challenge biases Finkelstein et al. (2009b) suggest to create a debate 
within the group, which not necessarily needs to become an extraordinary process. It is good enough 
with only a chat between the group members. The purpose with the debate is to expose the 
assumptions and beliefs that can lead to biases in the decision. To bring more challenging and 
objective perspectives meetings or decision groups could preferably be managed by a manager from 
a sister group in the organisation 

To handle the voting paradox Bob Frisch (2015) recommends five improvements for a better group 
decision making process. 

1. Specify the desired outcome: Communicate clearly what has to be accomplished. This should 
prevent the group members not to talk about the same thing and also to put aside the bias of self-
interests. When the group members understand the goal it becomes more easy to agree how to 
reach the goal. 

2. Multiple range of option to reach a goal: Break the alternative solution into more than three 
options how to reach the goal. The alternatives will become more refined instead of simple 
alternatives such as “accept”, “refuse” or “defer”. 

3. Test fences and walls: What is possible and not as a solution is not always known and needs to be 
clarified. Almost instantly people start to focus on what can´t be done when groups think of 
options. This is more common at operational level where employees tend to not knowing where 
corporate policies, strategies or project boundaries are not well known. 

4. Surface alternatives early: By talking about the alternatives and getting to know where all group 
member’s preferences are, will prevent the discussion getting into a looked position at the decision 
meeting. Two methods of doing such is to either perform a straw poll, with equally weighted votes, 
to quickly reduce alternatives that got no votes and to discuss further the two options that got the 
most votes. The other method is not to use weighted votes but instead give all group members a 
certain amount of points (similar to poker chips). The points are then distributed by the group 
members in accordance to which alternatives that are believed to generate the best result. This 
will indicate what alternative that have most support. The procedure can then be repeated in order 
to narrow down the alternatives even further. The unequally weighted method has a better chance 
of not getting into the voting paradox than the equally weighted method. 

5. State each alternatives pros and cons: Listening to the alternatives and giving feedback to each 
one of the is time consuming. The time is better spent on stating the pros and cons before the 
decision meeting. The difficulty is to come up with complete objectively pros and cons, not 
intervening with self-interests. Giving criticism on the different alternatives can be seen as criticism 
to the person who is presenting it. There are three methods how to increase the quality of the 
material of decision. One is to use an objective person, who is not part in the discussion, that will 
summarise the alternatives’ pros and cons by from each group member and present the material. 
The second method is to let the manager or leader of the meeting ask each group member to come 
up with two to three perspectives from his or her view. The third method is to present each 
alternative in a uniform way by identical template allowing easy comparison at a council, taking 
the whole picture in to consideration and valuing each alternative equally. 
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Bob Frisch (2015) also talks about increasing the chance of a sound decision by allocating enough time 
to discuss and reflect upon the alternatives. It is common to have an agenda where the problem is 
presented the majority of the time and giving only a fraction of time to discuss and to make a decision. 
When new alternatives are presented a person needs time to reflect about the information and to 
assess counterarguments. To break up the discussion into several parts, and at the best with free time 
between the parts, gives the decision makers extra time to evaluate and reflect.  
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3 METHOD 
This section describes our method for collecting and analysing data to achieve the research objectives 
and helped us subsequently answer the research questions mentioned in Section 1.3. The approach 
of this thesis will be deductive (Saunders, 2009). Having the research formulation in mind, where our 
hypothesis is that everyone involved in the decision making process are equally critical for the quality 
of decisions made, and problem discussion where we think the literature about decision making and 
decision frameworks for project does not take biases into account in the in data, a deductive approach 
is necessary to help test the theory. The deductive approach will be less time consuming which is more 
appropriate for the time frame of this thesis. Another point in favour of this approach is that deduction 
of a theory is less exposed to risks. However, since a deductive approach rely on quantitative data, a 
risk with this approach is lack of respondents to the survey. 

The purpose of the thesis is an exploratory research of the individual decision making competence of 
technical experts and decision makers in the line organisation of Scania R&D. The exploratory research 
method is useful for this thesis since the method´s objective to gather preliminary information that 
will help define problems and suggest hypotheses. It will help answering the research questions, “how 
skilled are the technical experts and decision makers at Scania R&D in handling the framing bias, 
overconfidence, social norms, decision rules, sunk cost bias and risk perception?” and “how can 
cognitive biases be countered or neutralised?”. The exploratory research is relying on quantitative 
data and is very useful when the data is difficult to collect. Since the research is about cognitive 
behaviour the data is difficult to collect when the correspondents most likely are not aware of its 
cognitive behaviour, and specific cognitive biases. We must rely on validated methods to collect the 
data needed for our analysis. A quantitative study allows for a large amount of data to be collected, 
however, it does not allow for deeper questions with higher qualitative information. But the data is 
easier to analyse and to visualize through diagrams and graphs. 

3.1 METHOD OF DATA COLLECTION 
According to Saunders (2009), a survey is commonly used for “how”-formulated questions. In general, 
both qualitative and quantitative method provides the strongest data (Bryman & Bell, 2011). For the 
purpose of acquiring answers to the research questions set out in this thesis report and to collect 
quantitative data a survey is being primarily used. We would use the survey strategy for evaluating 
the competence of those involved in the decision making process. 

We have chosen not to conduct interviews for the reason of the difficulty of achieving relevant 
answers. As described earlier in this chapter, cognitive biases is difficult to measure and especially 
difficult to obtain objective answers from the interviewee. Since the interviewee most likely is not 
aware of his own biases, the answers will have low validity. Another weakness is the biases that can 
occur due to poorly formulated questions (Yin, 2009). This would most likley occur since none of the 
authors are trained or experienced in formulating questions that give insight to the psychology of the 
human brain. 

As a secondary source of data collection we have chosen to conduct direct observations. This provides 
a strength in the analysis by covering events in real time, providing relevant understanding 
circumstances within the decision forums to which this thesis is limited. The direct observations have 
been conducted at technical meetings at group-, section-, department- and R&D-level and at cross-
functional meetings. The constitution of these meetings, along with participants, are all described in 
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appendix 8.1. The participants have varied over time and occassions but the general constituition have 
been similar each time. 

 

Group level Section level 
Department 

level R&D level 

Cross 
functional 

level 
Number 
of times 13 8 5 4 5 

Table 3. Number of times technical meetings have been direct observed 

Table 3 above indicates have many times technical meetings have been observed at different levels. 
Within each level different technical meetings within the organisation have been observed. This have 
been conducted by either one of the authors or by both of the authors. Each meeting have lasted in 
approxemately one hour. The findings have then been discussed to minimize biases of observation 
(Saunders, 2009) or interpretation of information and to find a common view. 

3.1.1 Participants of Survey 
The survey was answered by a total of 55 Scania R&D employees giving us a participation rate of 79 
%, which is extremely good considering that the targeted population included some of the busiest 
respondents at this point of time, and the fact that survey takes at the least 30 minutes and upwards 
to answer. Figure 10 below shows the breakdown of the survey respondents on the basis of their job 
designation in Scania R&D. For our analysis, the survey participants were grouped into Solution 
Designer and Decision Maker based on their roles in the decision making process at Scania R&D. The 
solution designer group includes the C1-C2 Designers and C3 Senior Designer – C4 Expert, while the 
decision maker group includes the designations object manager, group manager, section manager and 
sector manager (see also appendix 8.1 for the hierarchy and composition of meetings). 

 
Figure 10 Breakdown of survey respondents based on their job designation, and grouped into the analysis cluster of Solution 
Designer and Decision Makers. 

There were participants who had chosen to skip some of the questions or sections. These questions 
which had missing answers where considered as no response and are reflected in the n-values for each 
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of the section. Some of the recipients of the survey email, had responded with the information about 
their unwillingness to respond citing reasons, including, the length of the survey, lack of time and 
inappropriateness of the survey questions.  

3.1.2 Materials 
For this survey, we used the Adult Decision-Making Competence (A-DMC) measure developed by 
Bruine de Bruin, W., Parker, A. M., & Fischhoff, B. (2007). The A-DMC measures performance on the 
tasks to represent the following decision making skills needed by normatively competent decision 
makers (see Table 4: A-DMC Component Measures used in the survey): 

1. Resistance to Framing 
This component of the ADMC battery assesses the degree to individual responses are affected 
by the superficial change in the wording of the decision problems which are in reality rationally 
or normatively equivalent. There are two pairs of sections, with each pair having a 14 framing 
problems (total 28 questions).  
 
The first pair assessed the responses to the risky-choice framing problems (RC1/RC2) which 
are normatively equivalent. For example, the gain version of the problem in the RC1 section 
asks, “Imagine that Sweden is preparing for the outbreak of an unusual disease, which is 
expected to kill 600 people. Two alternative programs to combat the disease have been 
proposed. Assume that the exact scientific estimates of the consequences of the programs 
are as follows: If Program A is adopted, 200 people will be saved. If Program B is adopted, 
there is a 33% chance that 600 people will be saved, and a 67% chance that no people will be 
saved”. While the corresponding loss frame of the problem in RC2 section is presented as, 
“Imagine that Sweden is preparing for the outbreak of an unusual disease, which is expected 
to kill 600 people. Two alternative programs to combat the disease have been proposed. 
Assume that the exact scientific estimates of the consequences of the programs are as follows: 
If Program A is adopted, 400 people will die. If Program B is adopted, there is a 33% chance 
that nobody will die, and a 67% chance that 600 people will die”. 
 
The second pair, of 14 questions, evaluates the responses to attribute framing problems 
(A1/A2). For example, the positive frame version of the problem in the A1 section asks, 
“Imagine that a type of condom has a 95% success rate.  That is, if you have sex with someone 
who has the AIDS virus, there is a 95% chance that this type of condom will prevent you from 
being exposed to the AIDS virus. Should the government allow this type of condom to be 
advertised as "an effective method for lowering the risk of AIDS?"”. The corresponding 
negative frame version of the problem in section A2 reads as, “Imagine that a type of condom 
has a 5% failure rate. That is, if you have sex with someone who has the AIDS virus, there is a 
5% chance that this type of condom will fail to prevent you from being exposed to the AIDS 
virus. Should the government allow this type of condom to be advertised as "an effective 
method for lowering the risk of AIDS?””. The positive and negative frames are kept in different 
sections of the survey with different order of questions and are separated by other A-DMC 
component tasks. 
 
Respondents scored their choice by selecting on a 6-point Likert Scale (see appendix 8.6 for 
the survey questions). The scores on the resistance to Framing, were measured by the mean 
absolute difference in response between the paired questions. The scores with greater 
positive values should be interpreted as greater competence in resisting framing biases. 
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2. Recognising social norms  

Recognising social norms measures the ability of the respondents in understanding and 
assessing their peers’ social norms. This component task measure consisted on two sections 
(SN1 and SN2) having a 16 questions each. In the first section (SN1), the survey respondents 
are asked to judge “if it is sometimes OK” to engage in each of the 16 undesirable behaviours. 
And in the later section (SN2), the participants are asked to estimate how many “out of the 
100 people of your age” would approve each of the 16 undesirable behaviours. The 
performance is measured by rank-order correlation between the responses to the first section 
(SN1) giving the percentage of participants who approve each of the undesirable behaviours 
and the response to second sections giving each participant’s assessment of the same.  
 

3. Under/overconfidence 
Under/overconfidence task component of the A-DMC measures the ability of the participants 
to understand and recognize the limits of their own knowledge. Participants choose whether 
each of the 34 statements is true or false and also indicate their confidence for the same, on 
a scale of 50% (just guessing) to 100% (absolutely sure). The scores were calculated as one 
minus the absolute difference between the mean confidence and percentage correct answers 
on all the 34 items in the section, with higher scores reflecting better performance (see 
appendix 8.6 for the survey questions). 
 

4. Applying Decision Rules 
In the section for evaluating application of decision rules, the participants were asked to 
answers a set of ten questions that assessed their competence in applying a group of decision 
rules for making a correct selection among the five alternative in a multi-attribute matrix. 
Applying Decision Rules asks the participants to select among the available five DVD players 
for hypothetical customers based on the different decision rules or selection criteria for each 
of these customers. For example, “Sally first selects the DVD players with the best Sound 
Quality. From the selected DVD players, she then selects the best on Picture Quality.  Then, if 
there is still more than one left to choose from, she selects the one best on Programming 
Options. Which one of the presented DVD players would Sally prefer?”. Each consumer 
chooses from a different set of five equally priced DVD players with varying ratings of picture 
quality, sound quality, programming options, and brand reliability (1 = very low;5= very high). 
The participant’s performance is measured as the percentage of correct options selected 
among the ten items in the section.  
 

5. Consistency in Risk Perception 
The Consistency in Risk Perception task component evaluates the ability of the participants to 
follow probability rules. There are two pairs of the problem sections with ten questions each, 
in the first section (RP-A) the participants are asked to judge the probability of an event 
occurring with/to them during the coming year on a linear scale ranging from 0% (no chance) 
to 100% (certainty). In the second part (RP-B), the respondents have to judge the probability 
of the same events as in first section during the coming five years. Each time frame pair is 
counted as correct response if the probability of the event occurring in the coming year is 
equal or less than the probability of the same event occurring in the coming five years. In 
addition, within each time frame, three item pairs show nested subset and superset events. 
For example, having a cavity filled is a subset of the superset visiting a dentist for any cause. 
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The response is considered as correct if the probability of the subset occurring is lower than 
the superset occurring. Also in each time frame, two item pairs present complimentary events. 
For example, the probability that you will move your permanent address to another state 
some time during the next 5 years versus the probability that you will keep your permanent 
address in the same state during the next 5 years. The responses are considered correct if the 
added probability is equal to 100%. For more information about the scoring see Appendix 8.7. 
 

6. Resistance to Sunk Costs 
According to norms of rational decision making, expenditures that cannot be recovered back 
should be excluded to reflect only the possible future outcomes. The Resistance to Sunk Costs 
section of the A-DMC measures the ability of the participants to ignore earlier investments 
made when making decisions. The component tasks have 10 questions, where the participant 
had to select a rating ranging from 1 (most likely to choose [the sunk cost option]) to 6 (most 
likely to choose [the normatively correct option]). The higher the average score on all the 
items, the better is the individual competence in overcoming the resistance to sunk costs. See 
appendix 0 for the survey questions and appendix 8.7 for the key for evaluation of scores in 
this section. 
 

7. Path Independence 
The original A-DMC survey had Path Independence section but it has not been included in the 
survey. The reason why we did not include the path independence component of the A-DMC 
is because Bruine de Bruin et al., found that the performance on it was relatively unreliable 
over a period of time, suggesting that performance on it reflects reliable measure of a 
temporary state. 

Out of the seven tasks that can be measured by the A-DMC , the survey used in this research was 
divided in to 11 sections (with a total of 135 questions) for evaluating six different decision making 
tasks which fit the theoretical categorization of the normative decision making skills (Table 4: A-DMC 
Component Measures used in the survey).  

A-DMC component 
General 
decision-
making skill 

Criterion Score Response 
scale 

Survey Section 
(Measures) 

Resistance to Framing 
Value 
assessment 
Integration 

Consistency 
Absolute difference 
between ratings of 
related frames 

1-6 rating 

Section 1 (RC1) 
Section 2 (RC2) 
Section 3 (A1) 
Section 10 (A2) 

Recognizing Social Norms 

Belief 
assessment 
Belief 
assessment 

Accuracy 
Rank correlation between 
judged proportion and 
actual proportion 

(a) 0%-100% 
(b) yes/no 

 
Section  4 (SN1) 
Section 11 (SN2) 

Under/overconfidence 
Belief 
assessment 
Metacognition 

Accuracy 

1- absolute difference 
between mean 
confidence and 
percentage correct 

(a) true/false 
(b) 50%-
100% 

Section 5 (CAL) 

Applying Decision Rules Integration Accuracy Percentage of correct 
answers 

Multiple 
choice Section 6 (DR) 

Consistency in Risk 
Perception 

Belief 
assessment Consistency Percentage of consistent 

risk judgements 0%-100% Section 7 (RP-a) 
Section 8 (RP-b) 

Resistance to Sunk Costs Value 
assessment Accuracy Average rating across 

items 1-6 rating Section 9 (SC) 
      

Table 4: A-DMC Component Measures used in the survey (Bruine de Bruin, et al., 2007) 
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According to Finucane, there are four fundamental skills identified by the normative models of 
decision making (Finucane & Lees, 2005) (Bruine de Bruin, et al., 2007):  

i. Belief assessment which involves judging of the probability of outcomes 
ii. Value assessment involving evaluation of outcomes 

iii. Integration involves combining beliefs and values in making decisions 
iv. Metacognition means knowing the limitations of one’s own abilities 

Table 4, lists the six A-DMC component tasks being measured by the survey used in this research 
thesis, along with its relationship to the four general decision-making skills. These fundamental 
decision making skills are discussed in the section 2.1.2. 

The survey consisted of 138 questions, with 135 question from the A-DMC and three demographic 
questions for collecting information about the respondents to allow segmentation (See Appendix 8.6 
for the complete survey). The survey was created on Google forms and was sent out to around 70 
Scania R&D employees working within the line organisation. The initial email gave one week’s time to 
respond and a reminder email was sent a day before the initial deadline with an extension of two 
more days.  

3.2 RELIABILITY AND VALIDITY  
According to Saunders (2009) the reliability of the survey relates to how the data is collected and 
analysed. there are four different threats to the reliability of the survey and the observations. The first 
threat is subject and participant errors which refers to the mindset status of the participant, for 
instance if the survey is completed on a Monday or a Friday. The timing aspect can be controled but 
we have chosen not to since we can not compel the participants to perform the questionairre at the 
same time. In the A-DMC survey, all measured components are independent of the current state of 
mind except for the Path Independence component which reflected the performance at a particular 
time. The path independence component is not part of the survey administered in this thesis. 

The second threat is subject and participant bias, which refers to what the participants are willing to 
say. By using a survey with anonomys answers the conficence of the anseers can be higher than in an 
interview. The third and fourth threat according to Saunders (2009) is observers’ error and bias. To 
minimise differentiation between the authours, a high degree of structure will be used and the 
observations would be discused indepth and analysed. 

A potential lack of validity in the conclusions of the survey is minimised by choosing an existing 
questionairre, the ADMC, which have been validated in other research situations within the same 
subject. According to Bruine de Bruin, et al., there exists a positive correlation between the measures 
of the ADMC and the decision making compentence of individuals. The non-compliance of normative 
standards of decision making on these measures are not just indicative of random performance errors 
but rather a sign of consistent weakness in the decision-making compentence (Stanovich & West, 
1998). At least 25 responses would be needed to draw some reliable conclusion. 

Table 5 below shows the descriptive statistics for the total responses received for the survey questions 
with higher scores on each of the task component representing better performance. None of the 
survey questions were made mandatory and the skipped questions are considered as missing 
response rather than as incorrect response. As can be seen from the table, the scores on each of the 
component task show good span over the whole potential range, showing the variability needed to 
assess reliability and validity.  
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The Cronbach’s α which a measure of the internal consistency of the survey for the different 
component tast sections, is also listed in the table. The Cronbach’s α for all the component measures 
are above 0,60 except for the Resistance to Sunk Costs. A comparison to the A-DMC survey conducted 
by  Bruine et. al. (2007, p. 944), shows internal consistency for the Resistance to Sunk Cost is quite 
comparable (0,49 vs. 0,54). 

A-DMC component Potential 
range 

Observed 
range Mdn M SD Cronbach’s 

α 
Resistance to Framing 0,00 – 5,00 2,71  – 4,86 4 4,08 0,43 0,72 
Recognizing Social Norms -1,00  – 1,00  -0,44  – 0,85 0,49 0,44 0,24 0,72 
Under/overconfidence 0,50 – 1,00 0,59  – 1,00 0,93 0,90 0,09 0,64 
Applying Decision Rules 0,00 – 1,00 0,00 – 1,00 0,80 0,74 0,21 0,81 
Consistency in Risk Perception 0,00 – 1,00 0,00 – 1,00 0,85 0,78 0,24 0,92 
Resistance to Sunk Costs 1,00 – 6,00 3,10 – 5,80 4,60 4,56 0,65 0,49 

Table 5 Descriptive Statistics of Nonstandardized A-DMC Components 
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4 EMPIRICAL FINDINGS 
The empirical findings chapter is divided in two parts; survey and observations. In the survey section, 
we present the findings from the modified A-DMC survey conducted at Scania R&D. And in the 
observation section of this chapter, we report the findings by authors in different decision forums at 
Scania R&D. 

4.1 SURVEY 
 
Resistance to Framing 
A total of 52 responses were recorded to the Resistance to Framing component of the A-DMC. Table 
6 shows the descriptive statistics for the responses to the section. The mean value of resistance to 
framing for all the participants (52) was 4,08 (SD=0,43). Out of the 52 respondents, decision makers 
were 52% (Mean = 3,99; SD=0,44), while 48% were solution designers (Mean=4,17; SD=0,44). The 
table below also summarizes the descriptive statistics with a breakup based on the work experience 
and age of the participants. 

 
N Min Max Mdn Mean SD 

Resistance to Framing 
Overall 52 2,71 4,86 4,00 4,08 0,43 
Role in Decision Making Process           
Decision Makers 27 2,71 4,71 4,00 3,99 0,44 
Solution Designers 25 3,50 4,86 4,00 4,17 0,39 
Work Experience            
0-5 years 6 3,71 4,67 4,30 4,28 0,31 
6-10 years 11 3,43 4,57 3,86 3,91 0,33 
11-15 years 16 2,71 4,71 4,00 3,97 0,50 
16-20 years 11 3,71 4,86 4,07 4,21 0,35 
21-30 years 8 3,71 4,71 4,00 4,20 0,38 
Age             
25-35 years 17 3,43 4,67 4,00 4,03 0,36 
36-45 years 21 2,71 4,71 4,00 4,10 0,43 
46-60 years 14 3,14 4,86 4,00 4,10 0,48 

Where n = number of respondents; Min = Minimum Value; Max = Maximum Value; Mdn = Median; SD = Standard deviation 

Table 6 Descriptive Statistics for Resistance to Framing 

The analysis of the variance (ANOVA) for the groups, namely decision makers and solution designers, 
is shown in  

SUMMARY 
      

Groups Count Sum Average Variance SSw  
Decision Maker 27 107,762 3,991 0,203 5,278  
Solution Designer 25 104,308 4,172 0,155 3,710  

       
       

ANOVA       
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Source of Variation SS df MS F P-value F crit 
Between Groups 0,426 1 0,426 2,369 0,130 4,034 
Within Groups 8,988 50 0,180    

       
Total 9,413 51         

Table 7 below. Since P-value = 0,13 > 0,05=α & F crit =4,03 > 2,37=F; we can accept the null hypothesis 
(H0: μDecision Makers = μSolution Designers) i.e. the variance between the mean scores of each group and total 
mean is because of random variations. 

SUMMARY 
      

Groups Count Sum Average Variance SSw  
Decision Maker 27 107,762 3,991 0,203 5,278  
Solution Designer 25 104,308 4,172 0,155 3,710  

       
       

ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0,426 1 0,426 2,369 0,130 4,034 
Within Groups 8,988 50 0,180    

       
Total 9,413 51         

Table 7 Anova: Single Factor for Scores on Resistance to Framing (RC1,RC2, A1,A2) 

 
Recognizing Social Norms 
The recognition of social norms section of the survey received a total of 51 responses, with 51% of the 
respondents being Decision Makers (Mean=0,43; SD=0,27) and the remaining 41% were Solution 
Designers (Mean = 0,45; SD = 0,22). The table below also summarizes the descriptive statistics with a 
breakup based on the work experience and age of the participants. 

 n Min Max Mdn Mean SD 

Recognizing Social Norms 
Overall 51 -0,44 0,85 0,49 0,44 0,24 
Role in Decision Making Process           
Decision Maker 26 0,01 0,85 0,47 0,43 0,27 
Solution Designer 25 -0,05 0,75 0,54 0,45 0,22 
Work Experience             
0-5 years 6 0,08 0,56 0,33 0,35 0,16 
6-10 years 11 -0,05 0,75 0,36 0,41 0,25 
11-15 years 15 -0,44 0,85 0,37 0,36 0,29 
16-20 years 11 0,22 0,79 0,62 0,60 0,17 
21-30 years 8 0,20 0,68 0,50 0,47 0,16 
Age             
25-35 years 16 -0,05 0,75 0,33 0,35 0,23 
36-45 years 21 -0,44 0,85 0,57 0,50 0,28 
46-60 years 14 0,20 0,69 0,50 0,46 0,17 

Where n = number of respondents; Min = Minimum Value; Max = Maximum Value; Mdn = Median; SD = Standard deviation 

Table 8 Descriptive Statistics for Recognizing Social Norms 
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The ANOVA for the groups, namely decision makers and solution designers, is shown in Table 9 below. 
Since P-value = 0,72 > 0,05=α & F crit =4,04 > 0,13=F; we can accept the null hypothesis (H0: μDecision 

Makers = μSolution Designers) i.e. the variance between the mean scores of each group and total mean is 
because of random variations. 

SUMMARY    
Groups Count Sum Average Variance SSw  
Decision Maker 26 11,14 0,428 0,075 1,871  
Solution Designer 25 11,34 0,453 0,049 1,179  
       
ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0,01 1 0,008 0,128 0,722 4,038 
Within Groups 3,05 49 0,062    
Total 3,06 50     

Table 9 Anova: Single Factor for Scores on Recognizing Social Norms (SN1, SN2) 

 
Under/Over Confidence 
The section measuring under/over confidence received a total of 55 responses (Mean=0,90; SD=0,09), 
with 51% of the respondents giving their role as Decision-makers (Mean=0,90; SD=0,09) and the 
remaining 49% being involved in the decision making process as Solution Designers (Mean=0,89; 
SD=0,09). The table below also summarizes the descriptive statistics with a breakup based on the work 
experience and age of the participants. 

 n Min Max Mdn Mean SD 
Under/overconfidence 
Overall 55 0,59 1,00 0,93 0,90 0,09 
Role in Decision Making Process           
Decision Maker 28 0,65 1,00 0,94 0,90 0,09 
Solution Designer 27 0,59 0,99 0,91 0,89 0,09 
Work Experience             
0-5 years 6 0,65 0,97 0,87 0,85 0,10 
6-10 years 11 0,59 0,98 0,85 0,83 0,12 
11-15 years 18 0,69 0,99 0,93 0,90 0,08 
16-20 years 11 0,86 0,99 0,96 0,94 0,04 
21-30 years 9 0,83 1,00 0,98 0,93 0,06 
Age             
25-35 years 17 0,65 0,98 0,89 0,87 0,10 
36-45 years 23 0,73 0,99 0,95 0,91 0,08 
46-60 years 15 0,59 1,00 0,93 0,90 0,10 

Where n = number of respondents; Min = Minimum Value; Max = Maximum Value; Mdn = Median; SD = Standard deviation 

 Table 10 Descriptive Statistics for Under/overconfidence 

The ANOVA for the groups, namely decision makers and solution designers, is shown in Table 11 
below. Since P-value = 0,69 > 0,05=α & F crit = 4,02 > 0,16 = F; we can accept the null hypothesis (H0: 
μDecision Makers = μSolution Designers) i.e. the variance between the mean scores of each group and total mean 
is because of random variations. 



Empirical findings 

36 | P a g e  

 

SUMMARY       
Groups Count Sum Average Variance SSw  
Decision Maker 28 25,232 0,901 0,009 0,246  
Solution Designer 27 24,054 0,891 0,009 0,228  
       
ANOVA       
Source of Variation SS Df MS F P-value F crit 
Between Groups 0,001 1 0,001 0,162 0,689 4,023 
Within Groups 0,475 53 0,009    
       
Total 0,476 54       

Table 11 Anova: Single Factor for Scores on Under/Overconfidence (CAL) 

Applying Decision Rules 
The A-DMC survey section measuring the competence in applying the decision rules, received 51 
responses (Mean=0,74; SD=0,21). Out these 26 respondents (51%) reported their role as Decision-
makers (Mean=0,75; SD=0,19) while the remaining 25 respondents (49%) reported being Solution 
Designers (Mean=0,73; SD=0,24). The table below also summarizes the descriptive statistics with a 
breakup based on the work experience and age of the participants. 

 n Min Max Mdn Mean SD 

Applying Decision Rules 
Overall 51 0,00 1,00 0,80 0,74 0,21 
Role in Decision Making Process           
Decision Maker 26 0,50 1,00 0,80 0,75 0,19 
Solution Designer 25 0,00 1,00 0,80 0,73 0,24 
Work Experience             
0-5 years 6 0,70 0,90 0,80 0,80 0,08 
6-10 years 11 0,00 1,00 0,80 0,73 0,28 
11-15 years 15 0,20 1,00 0,80 0,74 0,22 
16-20 years 11 0,50 0,90 0,80 0,74 0,14 
21-30 years 8 0,20 1,00 0,70 0,70 0,24 
Age             
25-35 years 16 0,70 1,00 0,85 0,84 0,08 
36-45 years 21 0,20 1,00 0,80 0,73 0,20 
46-60 years 14 0,00 1,00 0,70 0,63 0,27 

Where n = number of respondents; Min = Minimum Value; Max = Maximum Value; Mdn = Median; SD = Standard deviation 

Table 12 Descriptive Statistics for Applying Decision Rules 

The ANOVA for the groups, namely decision makers and solution designers, is shown in Table 11 
below. Since P-value = 0,77 > 0,05=α & F crit = 4,04 > 0,09 = F; we can accept the null hypothesis (H0: 
μDecision Makers = μSolution Designers) i.e. the variance between the mean scores of each group and total mean 
is because of random variations. 

SUMMARY     
Groups Count Sum Average Variance SSw  
Decision Maker 26 19,4 0,746 0,036 0,905  
Solution Designer 25 18,2 0,728 0,058 1,390  
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ANOVA       
Source of Variation SS df MS F P-value F crit 
Between Groups 0,004 1 0,004 0,090 0,766 4,038 
Within Groups 2,295 49 0,047    

       
Total 2,299 50         

Table 13 Anova: Single Factor for Scores for Applying Decision Rules 

 
Consistency in Risk Perception 
The risk perception section of the A-DMC received a total of 55 responses (Mean=0,78; SD=0,24), with 
51% reporting their role as Decision-maker (Mean=0,75; SD=0,22) and the remaining 49% as Solution 
designers (Mean=0,80; SD=0,25). The table below also summarizes the descriptive statistics with a 
breakup based on the work experience and age of the participants. 

 n Min Max Mdn Mean SD 

Consistency in Risk Perception 
Overall 55 0,00 1,00 0,85 0,78 0,24 
Role in Decision Making Process           
Decision Maker 28 0,00 0,95 0,80 0,75 0,22 
Solution Designer 27 0,00 1,00 0,90 0,80 0,25 
Work Experience             
0-5 years 6 0,70 0,95 0,85 0,84 0,08 
6-10 years 11 0,70 1,00 0,80 0,85 0,10 
11-15 years 18 0,00 1,00 0,80 0,69 0,32 
16-20 years 11 0,60 0,95 0,85 0,82 0,12 
21-30 years 9 0,00 0,95 0,85 0,77 0,28 
Age             
25-35 years 17 0,00 1,00 0,85 0,80 0,22 
36-45 years 23 0,00 1,00 0,85 0,77 0,26 
46-60 years 15 0,00 1,00 0,80 0,77 0,23 

Where n = number of respondents; Min = Minimum Value; Max = Maximum Value; Mdn = Median; SD = Standard deviation 

Table 14 Descriptive Statistics for Consistency in Risk Perception 

The ANOVA for scores on the A-DMC component task for measuring Consistency in Risk Perception 
between the groups, namely decision makers and solution designers, is shown in Table 11 below. Since 
P-value = 0,441 > 0,05=α & F crit = 4,02 > 0,60 = F; we can accept the null hypothesis (H0: μDecision Makers 
= μSolution Designers) i.e. the variance between the mean scores of each group and total mean is because 
of random variations and that the variance from the mean is comparable. 

SUMMARY       
Groups Count Sum Average Variance SSw  
Decision Maker 28 21,1 0,754 0,051 1,390  
Solution Designer 27 21,7 0,804 0,064 1,655  

       
       

ANOVA       
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Source of Variation SS df MS F P-value F crit 
Between Groups 0,035 1 0,035 0,601 0,441 4,023 
Within Groups 3,044 53 0,057    

       
Total 3,079 54         

Table 15 Anova: Single Factor for Scores for Consistency in Risk Perception 

 
Resistance to Sunk Costs 
The section of the survey measuring the resistance to sunk costs received 51 responses (Mean=4,56; 
SD =0,65).  The respondents were almost equally divided between decision-makers (51%; Mean=4,49; 
SD=0,70) and Solution designers (49%; Mean=4,64; SD=0,60). The table below also summarizes the 
descriptive statistics with a breakup based on the work experience and age of the participants. 

 n Min Max Mdn Mean SD 

Resistance to Sunk Costs 
Overall 51 3,10 5,80 4,60 4,56 0,65 
Role in Decision Making Process           
Decision Maker 26 3,10 6,00 4,50 4,49 0,70 
Solution Designer 25 3,50 5,60 4,70 4,64 0,60 
Work Experience             
0-5 years 6 3,78 4,70 4,45 4,36 0,33 
6-10 years 11 3,33 5,60 4,40 4,49 0,77 
11-15 years 15 3,10 6,00 4,60 4,51 0,77 
16-20 years 11 3,90 5,20 4,70 4,67 0,45 
21-30 years 8 4,10 5,80 4,45 4,73 0,60 
Age             
25-35 years 16 3,78 6,00 4,70 4,67 0,59 
36-45 years 21 3,10 5,60 4,30 4,38 0,67 
46-60 years 14 3,50 5,80 4,75 4,69 0,64 

Where n = number of respondents; Min = Minimum Value; Max = Maximum Value; Mdn = Median; SD = Standard deviation 

Table 16 Descriptive Statistics for Resistance to Sunk Costs 

The single factor ANOVA for the scores on resistance to sunk costs between the groups, namely 
decision makers and solution designers, is shown in Table 17 below. Since P-value = 0,43 > 0,05=α & F 
crit = 4,04 > 0,64 = F; we can accept the null hypothesis (H0: μDecision Makers = μSolution Designers) i.e. the 
variance between the mean scores of each group and total mean is because of random variations. 

SUMMARY       
Groups Count Sum Average Variance SSw  
Decision Maker 26 116,656 4,487 0,503 12,564  
Solution Designer 25 115,878 4,635 0,372 8,935  

       
       

ANOVA       
Source of Variation SS Df MS F P-value F crit 
Between Groups 0,281 1 0,281 0,639 0,428 4,038 
Within Groups 21,499 49 0,439    
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Total 21,779 50         

Table 17 Anova: Single Factor for Scores on Resistance to Sunk Costs (SC) 

 
Correlation of the A-DMC components to Role, Age and Experience 
The box and whisker charts for the survey results (see appendix 8.2) shows graphically the correlation 
between the different A-DMC components and the survey participants roles, work experience and 
age. The Table 18 below shows the Pearson’s correlation coefficient between the A-DMC component 
scores and work experience; and age of the survey participants. The table also shows the correlation 
between the overall A-DMC score, Analytical A-DMC components (comprising of scores on Resistance 
to Framing, Applying Decision rules and Consistency in Risk Perception), Heuristic A-DMC components 
(comprising of scores on Recognizing Social Norms, Under/Overconfidence and Resistance to Sunk 
Costs) and the participants’ age and work experience.   

A-DMC Components Work Experience Age 
Recognizing Social Norms (SN1, SN2) 0,20 0,11 
Resistance to Framing (RC1,RC2, A1,A2) 0,10 0,04 
Under/Overconfidence (CAL) 0,38 0,23 
Sunk Cost Rating (SC) 0,14 0,05 
Applying Decision Rules (DR) -0,13 -0,34 
Consistency in Risk Perception (RP) -0,06 -0,04 
Total A-DMC Score -0,01 -0,03 
Analytical DMC (RC1, RC2, A1, A2, DR, RP) -0,07 -0,10 
Heuristic DMC (SN1, SN2, CAL, SC) 0,05 0,04 

Table 18 Correlation of the A-DMC components to Age and Experience 

The individual heuristic decision making components of the A-DMC shows a strong positive correlation 
to the work experience while the analytical decision making components show a negative correlation 
to the work experience. Similarly, the Applying Decision Rules show a strong negative correlation to 
age and a very weak positive correlation to Resistance to Framing and Sunk Cost Rating. It can also be 
noted that A-DMC score as a whole show a weak negative correlation to both work experience and 
age. 

4.2 OBSERVATIONS 
This section describes the observations made by the authors, as participants or as bystanders, at the 
various decision forums at Scania R&D. As the individual actions are influenced by factors like 
personality and decision making style, the observations made in this part does not apply to all the 
decision makers, solution designers, informers and advisors. But rather should be seen as observations 
on the general working of the decision forums. 

Framing: Usually, decision makers at both group and section level consult the technical experts for 
their opinions when they are uncertain about how to make a decision based on the information given 
at the meeting. Often the information presented is not opposed against actual project goals or what 
effect it will have on the specific business goal. Also, both the decision maker and the presenter, 
evaluate and evaluate these proposals on the basis of time, cost and quality. 

Some individuals more than other use framings such as “My gut feelings say…” and “Intuitively 
suggestion A…”. Even more common is to ask for information about the past, what have been done in 
similar problem formulations or what the outcome are like at customers. In most of the cases at Scania 
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R&D, information is also presented about a similar case as a reference in the hope to facilitate a 
decision. These similar cases seem to be used when there is a greater uncertainty about how to 
proceed and also when there is greater risk. The reference cases are perhaps relevant in some of the 
cases, but there is a risk that they do not truly represent the case at hand or representative bias.  

Risk perception and avoidance: One of the Scania R&D’s leadership principle states, “Act now and 
handle risks”. But it is quite common that the decision makers wait and postpone the decision either 
to await more results from testing, which is a common source for decision basis in the development 
process, or to ask for more information to make a more “correct” decision. 

Group thinking and Social norms: It has been observed that, in technical meetings at group-, section-, 
and department meetings, members of the group of decision makers awaits the answer from the 
group member with the highest rank. This occur particularly when there is a situation where the group 
members are uncertain of the correct way to behave, or in other words what decision that will be 
more or less accepted. The group members will then look to others for indications of a correct 
behaviour/answer. This should not be seen as something unusual but is most likely bias of conformity 
within the group (Schmitd, et al., 2001), where the group members doesn’t want to break the 
conformity of the group. 

This observation is not as visual at meetings where two or more of the group members are superior 
and hold the same rank. The discussion then becomes more defensive with arguments supporting 
their own theories, discussions similar to self-interests. The actual self-interest bias has not been 
validated in these situations. A deeper research about the groups social behaviour are needed to fully 
understand what group thinking effects there are within the different technical meetings. Moreover, 
what can be observed is that at meetings consisting of several superior group members of higher rank, 
the superior group members seem more willing to break the conformity. 

Furthermore, the critical mass making decisions at technical meetings at Scania R&D can be seen as 
small groups (Schmitd, et al., 2001) which increases the risk of group thinking affect. Appendix 8.1 
shows general pictures of how the decision meetings, observed for this research, are constituted at 
Scania R&D in terms of decision makers, informers and advisers. 

At section level there is no homogenous method for the meetings. Some sections have a separate 
moderator moreover administrator, while other section meetings use one in the group of decision 
maker as administrator, but then lack a moderator function, which is then more up to the constellation 
of decision maker or primary advisers to act as administrator. The primary advisers could be seen as 
the group managers, technical managers, expert and senior engineers. These meetings seem to have 
a higher tendency of conformity bias. 

At department level the meetings are more structured than at section level. These meetings use a 
separate moderator moreover administrator. But the moderator function is weak in the sense of 
highlighting questions and summarising discussions. The primary advisers could be seen as being the 
sector managers. At this level the primary advisers are more willing to discuss and argue for their own 
opinion. 

The cross-functional department technical meetings are similar to those at department level but there 
is a significant difference in how the moderator is involved. The moderator has a more active role in 
helping the decision makers to summarise the information and summarise the discussions ongoing. In 
these meetings many participants seem to have a high grade of self-interest bias. It also seems that 
several participants already have a view of that the opposite part make decisions upon self-interests. 
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R&D level is similar to the department level in how the meeting is structured and moderated. The 
informers/presenters seem to have great respect to the decision makers, whom are of superior rank. 
There is a tendency that the informers and presenters, more carefully than normally, chose their 
words and thoughts to protect themselves from getting in a bad position. Furthermore, the questions 
from the decision makers are in general not open questions (e.g. “how, what, when…”) but rather 
questions with a statement (for e.g. “why are we not using white colour which is brighter…”). One 
could see a change in how new decision makers act when trying to understand more about the 
problem they are about to make. The lower rank among the managers, i.e. technical meetings closer 
to the production level, the more open questions are questioned the presenter or advisers by the 
decision maker. It is also noticeable that younger participants of the meetings or participants with less 
relevant work experience tend not to share thoughts or ask questions.  



Analysis 

42 | P a g e  

 

5 ANALYSIS 
How skilled are the solution designers compared to decision makers at Scania R&D in handling the 
framing bias, Under/overconfidence, social norms, decision rules, sunk cost bias and risk perception? 

The scores for the decision makers on two A-DMC sections, measuring the under/overconfidence and 
applying decision rules is 1% and 2,7% respectively, marginally higher than scores for the solution 
designers. While on the A-DMC sections measuring the resistance to framing biases, recognising social 
norms, sunk cost rating and consistency in risk perception, the solution designers scored, 4,5%, 4,7%, 
3,3% and 6,7% respectively, higher than the scores for the decision makers.  

The results from the survey at Scania R&D shows that the individual competence in handling the 
cognitive biases and heuristics among the solution designers and decision-makers is comparable and 
do not show any significant differences (see Appendix 8.2 and Chapter 0). These results are in line with 
our hypothesis that everyone involved in the decision-making process should have the competence 
to resist the influences of cognitive biases and heuristics which lead to departure from the normative 
models of decision making. 

Does age and experience affect the Individual Decision Making Competence? 

The A-DMC tasks can be divided into two different competences, analytic decision making 
competence and heuristic decision competence. The analytic decision making competence is assessed 
by the three A-DMC component tasks, namely, Applying Decision Rules, Resistance to framing and 
Consistency in Risk Perception. While heuristic decision making competence can be assessed by the 
remaining three tasks, Under/Overconfidence, Resistance to Sunk Costs and Recognizing Social Norms.  

According to a research performed by Amez Jaafar Hussein (2013), participants age shows a negative 
correlation with the scores on the analytics aspect of the decision making. On the other hand, heuristic 
decision making scores displayed a positive correlation with age, indicating that the competence 
derived from experience increased with age (Hussein, 2013). The box and whisker charts for the scores 
on A-DMC versus the experience and age is presented in the appendix 8.2.2 and 8.2.3 respectively. If 
we look at the Analytic Decision Making components, while Resistance to Framing does not shows any 
clear correlation between the scores and the age. The scores on Apply Decision Rules and Consistency 
in Risk Perception show a clear downward trends with increasing age of the participants. A possible 
reason for the downward trend of decision rules is that of with increasing age the mind have difficulty 
keeping all decision rules in working memory Hussein (2013). See Table 18 Correlation of the A-DMC 
components to Age and Experience. 

For heuristic decision competence components scores; under/overconfidence, resistance to sunk 
costs and recognizing social norms shows an upward trend with increasing age of the participants. 
These trends are in line with the findings from the research done by Hussein (2013). It has to be 
however noted that the number of survey participants administered at Scania did not had significant 
amount of participants in each age group to make a correlation between the A-DMC scores and age 
of the participants. 

How good are the decision making competence at Scania R&D compared to references? 

The absolute numbers of the scores will allow us to have a better perspective of the decision making 
competence of Scania R&D when compared to other A-DMC researches (Bruine de Bruin, et al., 2007), 
(Hussein, 2013), (Geisler & Allwood, 2015), (Mäntylä, et al., 2012). The result of the comparison is 
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presented in appendix 8.2. The comparison has to be taken with caution since there is a huge 
difference in the number of attendances to the different researches.  

In comparison, Scania R&D have in general a good decision making competence with in most cases a 
better outcome than the average of the five other A-DMC researches. Scania R&D get the best 
resistance to Framing and resistance to biases in applying decision rules. The initial resistance is 
however very small with only 1% better than the second best result and 4% better than the average 
result. The latter resistance has a significant better result with 13% better result than the second best, 
29% better result than the average, and 40% better result than the worst research result (research 1 
and 3). The resistance to under/overconfident are close to the average result, 2% better result, but 
nevertheless in the top of the research results, 2 % poorer result than Research 1.  

Even the competence of consistency to risk perception and recognising social norms are both close 
but under the average result of the research 1 to 5, 1% poorer result respectively 2% poorer result 
than the average. However, there is potential for improvements concerning these competences and 
in specific recognising social norms. The best result from a reference research (research 3) have a 36% 
better result of recognising social norms. Research 5 has a 9% better result of consistency to risk 
perception. 

 
Figure 11 Percentage difference of scores in recognising social norms compared to the five reference researches. 

The resistance to sunk cost is slightly better than the average, 3% better result, and somewhat 5% 
poorer than the best reference research. The resistance to sunk cost could also be considered as of 
need of improvements at Scania R&D.  

Is it possible to counter-act the cognitive biases and heuristics? 

Biases in decision making are not easy to prevent or detect (Kahneman & Klein, 2010) (Kahneman, et 
al., 2015) (Hammond, et al., 2009) but creating an awareness about the biases is essential to minimise 
the effect. Our research showed that there is little or no correlation to the role in the decision making 
process, it does not matter if you are a decision maker, informer or an adviser, and your ability to 
avoid cognitive biases affecting your decision making. But one could advocate that it is more important 
for the decision maker to be aware of biases and heuristics since the decision maker have the final 
word. 
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One of first step in counteracting the biases in decision making process is spreading the awareness 
about the subject of biases and heuristics, the patterns and challenges they pose to normative decision 
making process. It is important to reflect upon the biases and how they can creep in unconsciously 
and intentionally, what signs or patterns to look out for in one’s own behaviour and in others 
behaviour. One important aspect is to help each other to reflect and minimise biases. However, 
according to Kahneman et al. (2010),  the awareness of the biases and heuristics is not enough, why a 
checklist and an organised meeting structure will be suggested as framework. As mentioned earlier, 
the biggest problem with a checklist is that most people will not use it. But the harm to the decision 
and project of not using checklist to increase the quality of the decision is supreme. 

The comparison of the survey results with other researches using A-DMC, has helped us identify the 
biases at Scania R&D against which resistance needs to be increased. As discussed in section 5.1, 
compared to the reference researches, Scania R&D has potential to improve its ability to minimise 
biases within consistency to risk perception, recognising social norms and resistance to sunk cost. The 
sunk cost fallacy can have a major impact on how well a decision is linked with the project 
goals/business goals, since the decision according to Hammond et al. (2009), will most probably 
support a decision made in the past rather than making the best out of the present situation. 

The potential in improving the risk perception is also supported by the observations were decision 
makers tend to postpone decisions. A decision can of course be postponed by a valid reason. But one 
can also believe there is a motivational reason behind some of the decisions made to postpone the 
final decision. The affect heuristic, presented by Slovic et al. (2007) is a plausible cause especially if the 
risk trigger negative feelings. In cases where there are no affect heuristics the benefit affect, visualised 
in Figure 9, is another plausible cause. If the options presented by the solution designer have low 
benefits the decision maker will think as the risk is to be high, or if the options is presented as risky 
the decision maker tend to think of them as providing low benefits (Slovic, et al., 2007). The risk in 
making a decision with low knowledge about the actual outcome could also be related to the bias of 
status quo. Since it is deeply rooted within us to protect ourselves from any harm (Hammond, et al., 
2009), making no decision rather than wrong decision could become very attractive. 

During the observations of cross-functional technical meetings occurrences and remarks from the 
meeting participants, but in specific decision makers, implies a practice of self-interest. The drive is 
not always personal motivation, which is most common according to Schmitd et al. (2001), but the 
interest of the best for the business unit they represent. In some occurrences the use of “corporate 
hat” is pointed out, which can have a positive effect on all involved decision makers. However, it will 
most likely not remove the self-interest bias completely since decision maker are affected more than 
they think (Finkelstein, et al., 2009a). 

The observations noticed that younger meeting participants or participants with less experience tend 
to not share opinions. If personality is omitted in, several biases can explain such behaviour. One 
plausible component is recognising social norms. It is emphasised by both the survey result and the 
reference comparison. The survey illustrates that younger participants have lower scores than older, 
appendix 8.2 Figure 22, and that less experienced participants scores lower that more experienced 
appendix 8.2 Figure 21. It is important to get everyone to speak up. A question that arise is if all 
information, assumptions and beliefs that can lead to biases are exposed (Finkelstein, et al., 2009b) 
when the more protective opinions are declared? A decision maker must be interested in listening to 
everyone’s thoughts and opinions (Hammond, et al., 2009) (Kahneman, et al., 2011). This is most likely 
not something that is encouraged explicit and clearly. Managers and decision makers have a key role 
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in encouraging everyone to feel for sharing thoughts and opinions. Managers should act in such 
manner so that the informant arise a positive feeling (Slovic, et al., 2007) when sharing information.  

Another reason for not sharing information could be due to the group thinking affect, and more 
precisely the concern of breaking the uniformity. The age and experience factor in this case is also 
emphasised by the observations where it could be noticed that superior managers and advisers with 
longer experience seemed less concerned about breaking the conformity, which also may have various 
explanations to it. 

The survey indicates that with increasing age the resistance to biases related to decision rules 
decreases. A checklist will then be of good use, but one has to consider that the resistance to checklist 
could also increase with increasing age. This could partly depend on a state of the mind where with 
increasing age and experience, the usage of heuristics in handling situations increases and so does the 
overconfidence and need for asserting authority (authors own reflection). 

  



Conclusions and Implications 

46 | P a g e  

 

6 CONCLUSIONS AND IMPLICATIONS 
Our hypothesis is that those involved in the decision making process, solution designers and decision 
makers, should be equally competent in overcoming the influences of cognitive biases and heuristics 
on the normative or rational decision making process. The analysis of the survey responses at Scania 
R&D shows that irrespective of the role of the respondents in the decision making process, the scores 
on the A-DMC sections are comparable, and thus, reinforces our main hypothesis that everyone 
involved at all stages of the decision making process should be equally competent in handling biases. 
When using decision tools, such as tools described in section 2.1.2 (Wenell, 2001) (Tonnquist, 2010) 
(iSixSigma, 2016), decision makers and users should be aware of the risk of influenced in-data in these 
simple decision tools, if no other complementary framework or methods are used to minimise biases 
and heuristics. 

There are two aspects of the decision making process, the human part and the method part. For an 
organization to be able to rational decisions consistently, it is not enough with just having competent 
people. They should be supported by methods and frameworks to be able to stick to normative models 
of decision making (see section 2.3 for counter-measures for biases and section 6.1 for simple 
frameworks to minimize biases). 

6.1 SIMPLE FRAMEWORK TO MINIMISE BIASES 
Based on the empirical finding from survey and direct observations, we propose a simple framework 
consisting of three blocks; meeting structure, checklists for solution designer, and decision maker, 
intended to improve the quality of the decisions (Figure 12). All three blocks are necessary and aims 
at eliminating different biases and heuristics. The meetings structure intends to minimise, for instance, 
motivational biases, framing biases and heuristics affecting decisions made in group. The checklist for 
solution designer focuses at the problems with structuring of the information, giving the decision 
makers the best possible chance to understand the problem and decision proposals. 

 

 
Figure 12 The 3-step block framework to minimise biases in decision meetings 
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The checklist for the decision maker focuses on preparing and sorting out the information to be 
presented on the decision meeting before the actual decision. The design of the checklists needs to 
be simple and easy to use (Gawande, 2009) and not feel as an obstacle or a “must do!”. Below is the 
checklist described, but to become a useful checklist it has to be to the point and not having everything 
spelled out. The finalised suggestion of checklists can be found in appendix 8.4. But as Gawande (2009) 
also states, a checklist can make priorities clearer and prompt people to function better as a team, but 
a checklist cannot make anyone follow them. Each part of a checklist has to be taken seriously and 
completed. No one would like to fly with pilots who randomly skipped steps in their checklists. The 
organisation has to become disciplined. As mentioned earlier, implementing checklists as decision 
quality control is perhaps one of the most difficult things to be done. 

 
Meeting structure 

Standardised Technical Meetings: Meeting structure at different levels as well as within the same level 
in the organisation differs depending on the managers. To help participants focus on the right things, 
an explicitly defined common meeting structure should be created. The following meeting structure 
and checklist would enable to have a greater uniformity and discipline: 

Decision problems on the Agenda: To allow participants and decision makers to understand 
beforehand the problem formulation and incubate the decision alternatives suggested, the decision 
meeting agenda with the presentation material should be made available in advance to surface 
alternatives early (Frisch, 2015). Decision makers then have the possibility to prepare, gather 
information, ask questions and give feedback. In Figure 13, we propose a timeline for different 
activities to be completed before the actual decision meeting. 

 
Figure 13 Proposal of time-line for problem preparation before decision meetings. 

To be able to structure the data all decision problems should follow a standardised template enabling 
comparisons between proposals and correlation to the project goals and business case. This helps 
against anchoring bias, by identifying faulty correlations between information they receive from the 
presenters and the knowledge they have obtained, making better correct judgements. Examples of 
standardised tools for presenting different proposals with opportunities and risk is SWOT-analysis and 
risk matrices. 

Moderator or Facilitator: The role of the facilitator or moderator, is to help keep the decision making 
process moving during the meeting, taking responsibility for the process itself but not the content of 
the meeting. While the recorder-role has the responsibility for taking down the notes and decisions 
being made. And ensures that the meeting notes are distributed at the earliest after the meeting. It is 
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important that the roles and responsibilities in the meeting are clearly demarcated and assigned prior 
to start of the meeting, to allow the leader to fully participate (University of Wisconsin System, 2014). 
As proposed by Bazerman and Chugh (2009), an appointed individual, who is not involved in the 
decision making ought to summarise and structure information from all sources to create a structure 
for the sharing of information. Use all the information gained, the whole context of the situation 
should be looked at. The decision has to be as transparent as possible so that everyone has the 
opportunity to see through self-interests or other biases. The moderator should regularly surface all 
alternatives and opinions so that everyone can follow and eventually narrow down the proposals. 

Participants: As Kahneman and Klein (2009) described, knowledge from related and relevant areas 
may be needed to solve a particular problem in a specific area. It should therefore be ensured that all 
the right expertise for decision problems on the meeting agenda, is available during the meeting.  

Discussions: Make it possible to have a debate before the actual decision is made. At meetings at group 
and section level this can preferable be conducted two and two, and at the other levels in small groups. 
This is too minimise and expose assumptions and beliefs, described by Finkelstein et al. (2009b). The 
moderator should premier and clarify, in the beginning of the meeting, that everyone´s thoughts and 
opinion are valuable. One suggestion is to create the meeting agenda where all parts presents their 
own view or information with regular intervals during the meeting. It could also be good to use the 
technique called “pre-mortem” described by Gary Klein (2011) in section 2.3.1. 

Time: It is important to not rush into a decision. As mentioned in the reference research by Geisler 
and Allwood (2015), time plays an important role in how the decision maker perceives the information 
being presented about the decision problem. A general aspect of bad decisions or differences in 
decisions is the time-approach. After all relevant information is presented, everyone should be 
allowed to express their opinion and use the opportunity to discuss. Important is to allocate enough 
time to discuss and reflect upon the alternatives. 

 
Solution designers 

Information gathering: The aim of giving the solution designers a checklist is to prevent the 
information from being affected with biases and to make it easier for the decision maker to have 
information in such way biases and heuristics can be minimised by the decision maker. 

Consider all possible perspectives and try to use an alternative starting point than the first though 
coming to one’s mind. Listen to a variety of persons, become open-minded to minimise narrow 
thinking. But before consulting other, think the problem through yourself first. 

If the problem has been up for decision in the past it is good to listen to and discuss the problem with 
people who were not involved in the earlier decision or discussion. They are less likely to be committed 
to an earlier decision. 

Evaluate information: Minimise the affect bias and the increase the objectively by considering if the 
advisers have or haven’t “fallen in love” with its proposed advice or solution. When summarising all 
gathered information, control that you are looking at all information with equal objectivity. It is also 
of great importance to know from where the data origins so that it can be presented to the decision 
makers.  

Presenting problem/information: Use standardised templates for the presentation where different 
proposals suggested can be compared towards each other and towards project goals. Try the best to 
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come up with complete objectively pros and cons. The desired outcome has to be communicated 
clearly, preventing the meeting members from talking around each other and to minimise self-
interests. The solutions presented should be broken down to become more refined, come up with 
multiple range of options how to reach the intended goal. 

 
Decision Maker 

Consulting others: Before consulting others, you should think about the problem yourself first to avoid 
being anchored with others thoughts. When sharing thoughts and opinions with advisers, be careful 
about how you share to minimise the risk of influencing them with your own preconceptions. 

Discussions: Listen to everyone’s opinion and encourage participants to speak up. Discuss the problem 
and proposals with people who were not involved in the decision made in the past. They are most 
likely not committed to the decision. Dare to admit to an earlier mistake made with an earlier decision. 

Evaluate information: When summarising all gathered information, control that you are looking at all 
information with equal objectivity. Make a swift judgment for yourself to figure out if anyone of the 
advisers or participants have a self-interest in the decision or if they are attached to a previous 
decision. Also consider if there were different opinions in the team, otherwise group thinking affect 
my have affected the recommendation.  

Also consider if the risk or the problem of any proposals have been reduced or made emotional 
appealing. According to Kahneman et al. (2011) a successful design or a favourable experts can very 
easily get an elevated position. Consider if you or any of the advisers are overly cautious. Conservatism 
or status-quo is very common since we tend to avoid losses. 

To make the right decision the overall project objectives has to be reminded and also the objective of 
the specific problem. It is easy to overlook the overall objective and make sub-optimisations. For an 
example can thickening of a bracket result in that the bracket itself will increase the life length but 
result in not achieving the project goal of a low cost product. Widen the references and consider if the 
proposals are meeting the project objectives. 

The checklist could also be used before a decision meeting, during the preparation phase, described 
in Figure 13.  

6.2 IMPLICATIONS 
Although, we don’t see any significant differences in the scores on A-DMC survey between the 
different roles, decision-makers and solution designers, at Scania R&D. We see that scores on the A-
DMC battery is comparatively more sensitive to age and experience. The Appendix 8.2.2 & 8.2.3, 
shows the trends when it comes to A-DMC scores and its correlation to the age and experiences of 
the respondents. There is a huge potential benefits that the organization stands to gain by investing 
in awareness of cognitive biases and heuristics among the employees recruited to the entry level roles. 
And trainings aimed at improving and maintaining analytic decision making competences for the more 
experiences employees. According to research by K. Morewedge, et al. (2015), training interventions 
focused on decision biases can be used to improve the decision making competence. They recommend 
use of training along with improved incentives, presentation and nudges to minimize expensive errors 
because of biased judgements and decisions (K. Morewedge, et al., 2015). 



Conclusions and Implications 

50 | P a g e  

 

We can also see differences between our result and the results from the reference researches, and 
also between the researches itself. To better understand the differences in the result further 
investigations about the correlation between survey and educational background. The majority of our 
participants have a technical background from at university level. What is the outcome of other 
professions with other educational background? 

Since most decisions with greater impact, economical, time and quality, are made at technical 
meetings an enhanced research about the group thinking affect would be of high interest to increase 
the quality of the outcome from these technical decision meetings.  
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8 APPENDICES 

8.1 COMPOSITION OF TECHNICAL MEETINGS 
This appendix is showing the composition at technical meetings at different levels in the organisation. 
The structure and the number of participants should be seen as general. 

 
Figure 14 Composition of technical meeting at group level. 

 

 
Figure 15 Composition of technical meeting at section level. 
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Figure 16 Composition of technical meeting at Department level. 

 

 
Figure 17 Composition of technical meeting at cross-functional level. 
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Figure 18 Composition of technical meeting at R&D level. 
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8.2 BOX AND WHISKER CHARTS FOR SURVEY RESULTS  
 

 
Figure 19 Legend for Box and Whisker Charts 
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8.2.1 A-DMC Component Scores Vs Role of the Survey Respondents 
 

 
Figure 20 The box and whisker charts with scores on the different A-DMC components versus the role of the survey 
respondents in the decision making process. 
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8.2.2 A-DMC Component Scores Vs Experience of the Survey Respondents 
 

 
Figure 21 The box and whisker charts with scores on the different A-DMC components versus the number of years of work-
experience of the survey respondents 
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8.2.3 A-DMC Component Scores Vs Age of the Survey Respondents 
 

 
Figure 22 The box and whisker charts with scores on the different A-DMC components versus the age of the survey 
respondents 
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8.3 COMPARISON WITH OTHER A-DMC RESEARCHES 
The appendix presents a comparison with A-DMC performed in other researches. It enables a better 
understanding of the absolute decision making competence of Scania R&D. 

Researches: 

Research 1. Individual differences in adult decision-making competence (Bruine de Bruin, et al., 
2007) 

Research 2. Decision-making Competence, Executive Functioning, and General Cognitive Abilities 
(Finucane & Lees, 2005) 

Research 3. Aging and Decision Making as Measured by The Swedish Version of The ADMC Battery 
(Hussein, 2013) 

Research 4. Competence and Quality in Real-Life Decision Making - Study 2 (Geisler & Allwood, 
2015) 

Research 5. Competence and Quality in Real-Life Decision Making - Study 3 (Geisler & Allwood, 
2015) 

 

Resistance to Framing Mean % difference 
R&D Overall 4,08  
Research 1 3,72 -9% 
Research 2 0,97 -76% 
Research 3 3,91 -4% 
Research 4 3,94 -3% 
Research 5 4,05 -1% 
Average Research 1-5 3,32 -19% 
Average Research 1-5 (except 2) 3,91 -4% 
   

Table 19 Resistance to framing; Comparison between research results 

 

 
Figure 23 Percentage difference to other research results of scores in resistance to framing. 



Appendices 

62 | P a g e  

 

 

Recognizing Social Norms Mean % difference 

R&D Overall 0,44   
Research 1 0,33 -25% 
Research 2 0,51 16% 
Research 3 0,60 36% 
Research 4 0,39 -11% 
Research 5 0,42 -5% 
Average Research 1-5 0,45 2% 
   

Table 20 Recognizing Social Norms; Comparison between research results 

 

 
Figure 24 Percentage difference to other research results of scores in recognising social norms. 

 

 

Under/overconfidence Mean % difference 
Scania R&D Overall 0,90   
Research 1 0,91 2% 
Research 2 0,83 -7% 
Research 3 0,89 -1% 
Research 4 0,00 0% 
Research 5 0,00 0% 
Average Research 1-5 0,88 -2% 
   

Table 21 Under/overconfidence; Comparison between research results 

 



Appendices 

63 | P a g e  

 

 
Figure 25 Percentage difference to other research results of scores in under/overconfidence. 

 

Applying Decision Rules Mean % difference 
R&D Overall 0,74   
Research 1 0,44 -40% 
Research 2 0,64 -13% 
Research 3 0,44 -40% 
Research 4 0,64 -13% 
Research 5 0,63 -15% 
Average Research 1-5 0,56 -24% 
   

Table 22 Applying Decision Rules; Comparison between research results 

 
Figure 26 Percentage difference to other research results of scores in applying decision rules. 
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Consistency in Risk 
Perception Mean % difference 

R&D Overall 0,78   
Research 1 0,70 -10% 
Research 2 0,75 -4% 
Research 3 0,79 2% 
Research 4 0,83 7% 
Research 5 0,85 9% 
Average Research 1-5 0,78 1% 
   

Table 23 Consistency in Risk Perception; Comparison between research results 

 

 
Figure 27 Percentage difference to other research results of scores in risk perception. 

 

Resistance to Sunk Costs Mean % difference 
R&D Overall 4,56   
Research 1 4,40 -3% 
Research 2 3,97 -13% 
Research 3 4,58 0% 
Research 4 4,79 5% 
Research 5 4,41 -3% 
Average Research 1-5 4,43 -3% 
   

Table 24 Resistance to sunk cost; Comparison between research results 
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Figure 28 Percentage difference to other research results of scores in resistance to sunk cost. 
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8.4 KPI OF INDUSTRIALISATION PROJECTS IN START OF CUSTOMER ORDERED 
PRODUCTION 

 

 
Figure 29 KPI of projects on time 2011(Q1)-2015(Q2) (Aspemar, 2016) 
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8.5 SIMPLIFIED GENERAL CHECKLISTS FOR SOLUTION DESIGNERS AND DECISION 
MAKERS 

These checklists are simplified checklist. Read chapter 6.1 Simple framework to minimise biases to 
better understand the context. 

8.5.1 Checklist A: Solution designers 
 

Gathering information: 

 Consider all perspectives, is there other alternatives? 
 Write down your own view of the problem. 
 Become open minded – listen to others thoughts. 
 Consult people not involved in the problem or earlier decision. 

 

Evaluate information: 

 Are advisers’ objective? 
 Look at gathered information with equal objectivity. 
 Do you know the origin of all data? 

 

Presenting problem/information: 

 Use standardised template. 
 Present objective pros and cons. 
 Break down solutions – refine. 
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8.5.2 Checklist B: Decision makers 
 

Consulting others: 

 Write down your own view of the problem. 
 Don´t influence advisers with your preconceptions. 
 Consult people not involved in the problem or earlier decision. 

 

Discussions: 

 Listen to everyone’s opinion – encourage sharing – become open minded. 
 Consult people not involved in the problem or earlier decision. 
 Dare to admit earlier mistakes in decisions. 

 

Evaluate information: 

 Are advisers’ objective? 
 Look at advisers on equal basis – avoid favouring. 
 Are there different opinions – avoid uniformity. 
 Look at gathered information with equal objectivity. 
 Are opinions overly cautious? 
 Are proposals made emotional appealing? 
 Widen references – are proposals meeting project objectives? 
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8.6 ADULT DECISION MAKING COMPETENCE (A-DMC) SURVEY QUESTIONS 
The survey is based on the A-DMC battery of questions with some of the questions adopted to the 
Swedish context of the respondents. 
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8.7 KEY FOR EVALUATING THE SCORES ON THE ADULT DECISION MAKING 
COMPETENCE (A-DMC) SURVEY QUESTIONS 
 

Resistance to Framing (RC1, A1, RC2, A2) 

Overall score: 5- mean absolute difference between related frames 

"Positive Frame","Negative Frame" 

"rc1_1","rc2_5"; "rc1_2","rc2_4"; "rc1_3","rc2_7"; "rc1_4","rc2_2"; "rc1_5","rc2_6"; "rc1_6","rc2_3"; 
"rc1_7","rc2_1"; "a1_1","a2_6"; "a1_2","a2_5"; "a1_3","a2_3"; "a1_4","a2_1"; "a1_5","a2_7"; 
"a1_6","a2_2"; "a1_7","a2_4" 

Excel formula used: = IF (COUNTBLANK('Form responses 1'!G4)+COUNTBLANK('Form responses 
1'!GA4)>0;"No Response";5-ABS('Form responses 1'!G4-'Form responses 1'!GA4))  

Recognizing Social Norms (SN1, SN2) 

Overall score: Rank correlation between judged proportion and actual proportion 

"Personal behavior (for computing actual proportion)","Judged proportion" 

"sn1_1","sn2_1"; "sn1_2","sn2_2"; "sn1_3","sn2_3"; "sn1_4","sn2_4"; "sn1_5","sn2_5"; 
"sn1_6","sn2_6"; "sn1_7","sn2_7"; "sn1_8","sn2_8"; "sn1_9","sn2_9"; "sn1_10","sn2_10"; 
"sn1_11","sn2_11"; "sn1_12","sn2_12"; "sn1_13","sn2_13"; "sn1_14","sn2_14"; "sn1_15","sn2_15"; 
"sn1_16","sn2_16" 

Excel formula used: =IF (COUNT('Form responses 1'!$FF4:$FU4)=0;"No Response"; PEARSON ( $U$2: 
$AJ$2 ; 'Form responses 1'!$FF4:$FU4)) 

Under/Overconfidence (CAL)  

Overall score: 1-absolute difference between mean confidence and percent correct" 

"Item","Related confidence","Correct answer" 

"tf1","p1","T"; "tf2","p2","T"; "tf3","p3","T"; "tf4","p4","T"; "tf5","p5","F"; "tf6","p6","T"; 
"tf7","p7","F"; "tf8","p8","F"; "tf9","p9","T"; "tf10","p10","T"; "tf11","p11","F"; "tf12","p12","F"; 
"tf13","p13","T"; "tf14","p14","T"; "tf15","p15","T"; "tf16","p16","F"; "tf17","p17","F"; 
"tf18","p18","F"; "tf19","p19","T"; "tf20","p20","T"; "tf21","p21","T"; "tf22","p22","T"; 
"tf23","p23","T"; "tf24","p24","T"; "tf25","p25","F"; "tf26","p26","F"; "tf27","p27","T"; 
"tf28","p28","F"; "tf29","p29","T"; "tf30","p30","F"; "tf31","p31","F"; "tf32","p32","T"; 
"tf33","p33","T"; "tf34","p34","T" 

Excel formula used : = IF(COUNT('Form responses 1'!$AN4:$DC4)=0;"No Response";(1-
ABS(IF(COUNT('Form responses 1'!$AN4:$DC4)=0;"No response"; AVERAGE('Form responses 
1'!$AN4:$DC4))-(COUNT('Form responses 1'!$AN4;'Form responses 1'!$AP4;'Form responses 
1'!$AR4;'Form responses 1'!$AT4;'Form responses 1'!$AW4;'Form responses 1'!$AX4;'Form 
responses 1'!$BA4;'Form responses 1'!$BC4;'Form responses 1'!$BD4;'Form responses 1'!$BF4;'Form 
responses 1'!$BI4;'Form responses 1'!$BK4;'Form responses 1'!$BL4;'Form responses 1'!$BO4;'Form 
responses 1'!$BP4;'Form responses 1'!$BS4;'Form responses 1'!$BU4;'Form responses 1'!$BW4;'Form 
responses 1'!$BX4;'Form responses 1'!$BZ4;'Form responses 1'!$CB4;'Form responses 1'!$CD4;'Form 
responses 1'!$CF4;'Form responses 1'!$CH4;'Form responses 1'!$CK4;'Form responses 1'!$CM4;'Form 
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responses 1'!$CN4;'Form responses 1'!$CQ4;'Form responses 1'!$CR4;'Form responses 1'!$CU4;'Form 
responses 1'!$CW4;'Form responses 1'!$CX4;'Form responses 1'!$CZ4;'Form responses 
1'!$DB4))/34))) 

Applying Decision Rules (DR) 

Overall score: Percent of correct answers 

"Variable","Item","Correct Answer" 

"dr1","problem 1","C"; "dr2","problem 2","D"; "dr3","problem 3","C"; "dr4","problem 4","None"; 
"dr5","problem 5","A"; "dr6","problem 6","E"; "dr7","problem 7","E"; "dr8_1","problem 8, answer 
1","A, C"; "dr8_2","problem 8, answer 2","A, C"; "dr9_1","problem 9, answer 1","A, D, E"; 
"dr9_2","problem 9, answer 2","A, D, E"; "dr9_3","problem 9, answer 3","A, D, E"; "dr10_1","problem 
10, answer 1","C, D, E"; "dr10_2","problem 10, answer 2","C, D, E"; "dr10_3","problem 10, answer 
3","C, D, E" 

Excel formula used: = IF(COUNT('Form responses 1'!$EM4:$EV4)=0; "No Response";(SUM('Form 
responses 1'!$EM4:$EV4))/COUNT('Form responses 1'!$EM4:$EV4)) 

Consistency in Risk Perception (RP) 

"Overall score: Percent of consistent risk judgment pairs (see below)", 

"Item","Topic","Time" 

"rp_a1","getting in car accident","year"; "rp_a2","having cavity filled","year"; "rp_a3","dying of any 
cause","year"; "rp_a4","having something stolen","year"; "rp_a5","moving out of state","year"; 
"rp_a6","die in terrorist attack","year"; "rp_a7","break-in, something stolen","year"; "rp_a8","keep 
address in state","year"; "rp_a9","visit dentist","year"; "rp_a10","driving accident free","year"; 
"rp_b1","getting in car accident","5 years"; "rp_b2","having cavity filled","5 years"; "rp_b3","dying of 
any cause","5 years"; "rp_b4","having something stolen","5 years"; "rp_b5","moving out of state","5 
years"; "rp_b6","die in terrorist attack","5 years"; "rp_b7","break-in, something stolen","5 years"; 
"rp_b8","keep address in state","5 years"; "rp_b9","visit dentist","5 years"; "rp_b10","driving 
accident free","5 years";  

Consistency rules; Year vs. 5 years: A1<=B1; A2<=B2; A3<=B3; A4<=B4; A5<=B5; A6 <=B6; A7<=B7; 
A8>=B8; A9<=B9; A10>=B10.  
Inclusion: A3>=A6; B3>=B6; A4>=A7; B4>=B7; A2<=A9; B2<=B9. 
Complementarity: A1+A10=1; B1+B10=1; A5+A8=1; B5+B8=1. 

Excel formula used: = ( // Consistency rules // 
COUNTIF('Form responses 1'!DP5;"<="&'Form responses 1'!EB5) 
+ COUNTIF('Form responses 1'!DQ5;"<="&'Form responses 1'!EC5) 
+ COUNTIF('Form responses 1'!DR5;"<="&'Form responses 1'!ED5) 
+ COUNTIF('Form responses 1'!DS5;"<="&'Form responses 1'!EE5) 
+ COUNTIF('Form responses 1'!DT5;"<="&'Form responses 1'!EF5) 
+ COUNTIF('Form responses 1'!DU5;"<="&'Form responses 1'!EG5) 
+ COUNTIF('Form responses 1'!DV5;"<="&'Form responses 1'!EH5) 
+ COUNTIF('Form responses 1'!DW5;"<="&'Form responses 1'!EI5) 
+ COUNTIF('Form responses 1'!DX5;"<="&'Form responses 1'!EJ5) 
+ COUNTIF('Form responses 1'!DY5;"<="&'Form responses 1'!EK5) 
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// Inclusion// 
+ COUNTIF('Form responses 1'!DR5;">="&'Form responses 1'!DU5) 
+ COUNTIF('Form responses 1'!ED5;">="&'Form responses 1'!EG5) 
+ COUNTIF('Form responses 1'!DS5;">="&'Form responses 1'!DV5) 
+ COUNTIF('Form responses 1'!EE5;">="&'Form responses 1'!EH5) 
+ COUNTIF('Form responses 1'!DQ5;"<="&'Form responses 1'!DX5) 
+ COUNTIF('Form responses 1'!EC5;"<="&'Form responses 1'!EJ5) 

//Complementarity//  
+IF('Form responses 1'!DP5+'Form responses 1'!DY5=10;1;0) 
+IF('Form responses 1'!EB5+'Form responses 1'!EK5=10;1;0) 
+IF('Form responses 1'!DT5+'Form responses 1'!DW5=10;1;0) 
+IF('Form responses 1'!EF5+'Form responses 1'!EI5=10;1) 
) / 20 

Resistance to Sunk Cost (SC) 

Overall score: Average rating across items 

"Item" 

"sc1"; "sc2"; "sc3"; "sc4"; "sc5"; "sc6"; "sc7"; "sc8"; "sc9"; "sc10" 

 

Excel formula used: =IF(COUNT('Form responses 1'!$EM5:$EV5)=0; "No Response";(SUM('Form 
responses 1'!$EM5:$EV5))/COUNT('Form responses 1'!$EM5:$EV5)) 


