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Using Q Methodology for Developing a System Dynamics 
Model. A Case Study of Modelling Perspectives on Road 

Procurement in Sweden 
 

Abstract – The importance of strategic and dynamic behaviour in real-world systems is 
paramount, especially when we consider the large technical infrastructures that make 
society work. Modelling social aspects are complicated because they are usually not 
well defined and can highly depend on individuals. This paper proposes and describes a 
framework on how to combine system dynamics and Q methodology to better 
understand complex systems. The proposed framework is the tool to work with systems 
where connections can be explained only by subjective opinions, and it gives 
opportunities to simulate sociotechnical systems, where social behaviour cannot be 
described with observation data. 

Keywords— Q methodology, SD model, modelling and simulation, sociotechnical 
systems 

Introduction 
Modelling and simulation tools are widely used in many fields because 

experimentation with a real system can be extremely expensive, time-consuming, or may 
require months or years in real systems to obtain the desired feedback (Robinson, 2003). 
It may also be the case that a real reference system might not exist at all, but to be merely 
a design of a future system. 

Besides, many systems are complex (Luenberger, 1979). The complexity can be 
raised from elements that interact in the system over time, creating dynamic networks of 
interactions, where the combined output is larger than just the results of individual 
elements. In this case, system dynamics has proven to be an effective approach to work 
with such systems. Many of these systems have social, economic and/or environmental 
aspects to them. Since system dynamics have a high level of aggregation, it is often used 
for strategic models and policies (Forrester, 1961). 

In order to develop a simulation model, typically a significant amount of data is 
required. There is a number of ways how data can be obtained and used for simulation 
purposes. However, most of the data are gained from statistical information. Hence, 
other types of information, such as subjectivity, usually are not included or are obtained 
with the help of experts. The question that is seldom brought up is if we can transform 
experts into building blocks of the model. 

One of the ways to obtain such subjective data is a usage of Q methodology (Exel & 
Graaf, 2005). This methodology provides a foundation for the systematic study of 
subjectivity, and the results from these studies can be used to assist the development of 
system dynamics. 

This paper proposes and describes a framework on how to combine system dynamics 
and Q methodology to better understand complex systems. 

A case study of road procurement system in Sweden has been chosen as the focal 
point for developing this framework. Since the market in the road construction sector has 
a specific structure, road procurement can be perceived as a process in a complex 



adaptive system that is governed mainly by a limited number of stakeholders with their 
unique perspectives. 

By using this proposed framework, it becomes possible to investigate what people 
think about the working of the system over time based on their subjective opinions, and 
how these results can be interpreted.  

The remainder of the paper is organised as follows: in Section 2, we provide a 
deeper overview of the problem and the reasoning behind why combining subjectivity 
with system dynamics can benefit research of complex sociotechnical systems. Section 3 
introduces the framework and describes its 7 steps, while Section 4 introduces the case 
study and shows how each of the steps has been applied. Finally, we conclude the paper 
in Section 5. 

Problem Statement 
The importance of strategic and dynamic behaviour in real-world systems is 

paramount, especially when we consider the large technical infrastructures that make 
society work. As a technical-physical system, socio-technical systems are to deal with 
many interdependent variables or system complexity. At the same time, they also have 
many interdependent loosely coupled stakeholders or policy networks. Socio-technical 
systems have cognitive uncertainty, but at the same time disputed knowledge, values and 
norms.  

Modelling the dynamics of such systems over time is valuable as an insight into the 
sensitivity towards certain parameters that can be influenced by policy or management. 
While there is a very successful branch of modelling for socio-technical systems that 
aims to incorporate such behaviour via modelling choice behaviour, like for instance 
with agent-based approaches (Bonabeau, 2002), there is also a need to study perspectives 
on reality of stakeholders, which is better served by a system dynamics model with 
actual relations between items modelled as differential equations, instead of emergent 
from choice behaviour (Parunak, Savit, & Riolo, 1998).  

Modelling social aspects are complicated because they are usually not well defined 
and can highly depend on individuals. There is a number of tools that can handle social 
aspects in simulation, such as usage of dyadic independent models (Holland & 
Leinhardt, 1981; Stephen E. Fienberg & Stanley S. Wasserman, 1981), Markov model 
(Robins, Pattison, Kalish, & Lusher, 2007), realisation-dependent model (Pattison & 
Robins, 2004), k-triangle model (Robins, Snijders, Wang, Handcock, & Pattison, 2007)  
and others (Lusher, Koskinen, & Robins, 2012). Incentives research (Scekic, Dorn, & 
Dustdar, 2013) and some mathematical models, as principal-agent theory (Laffont & 
Martimort, 2009) or game theory (Gal, Grosz, Kraus, Pfeffer, & Shieber, 2010), can also 
contribute to the modelling sociotechnical system. However, all of these methods depend 
on explicit, direct formulation of the social dimension in alternatives, value functions, or 
other abstractions from human subjective knowledge. 

To be able to combine the power of a system dynamics approach with a direct 
subjective method could prevent the abstraction that any of the aforementioned methods 
imply. Thus, a new approach is needed that can gain subjective opinions of individuals 
and use them for model development. 



Proposed Framework 
The framework, proposed in this paper, helps to transform subjectivity into system 

dynamic models. Although it is not limited only by Q methodology, and it is applicable 
to more types of models than just SD (system dynamics) models, the framework is 
presented using these two methods. In this way, it is possible to focus on the framework 
itself rather than differences in different methods and approaches. 

Choosing variables 
The first step in order to develop the model is to determine what variables or 

parameters need to be used. They can be found by analysing system and purpose of the 
modelling. 

Although the number of variables can be unlimited, a high number of them will 
complicate both performing Q methodology and analysing the modelling results 
(Edmonds & Meyer, 2013). 

Statement definition 
In general Q methodology statements can have different forms - opinions, objects, 

pictures, etc. and can be expressed in any way. However in order to generate a model 
later, it is important to know how one variable affects others. Thus, using structured 
statements can provide the best results (Brown, 1996; McKeown & Thomas, 1988; 
Stephenson, 1953). The structured statements, in this case, can be formulated as 
following: 

Variable 1 type of influence variable 2 

Type of influence can show how much one variable affects another variable. So, if 
one needs to connect variable cost and variable durability, the example of a statement 
would be “if a value of costs has increased then durability will be increased”. This does 
not necessary need to be a final version of the statement, and it can be rephrased as 
“Products with higher durability cost more”. In this way, the link is the same, but the 
sentence is less confusing. Phrasing statements in this manner will make it easier to use 
them in the model because two variables are clear and direction of the link is well 
defined. 

However writing all statements using the same construction can make it less 
effective because not all variables can be included. Variation from the above mentioned 
construction makes statements richer, but it is important to keep in mind that statements 
need to be later transformed into the model. 

The combination of all statements generates a concourse of study (all the possible 
statements the respondents can make about the subject). Depending on a number of 
original variables, the concourse can be extremely large, and it is important to decrease 
its size to 40-50 statements (a typical size that is used), that becomes a final Q set for the 
study. The resizing of the concourse can be done for some of the following reasons: 

• Not all links exist in the real system. Some links can be so insignificant that 
are not necessary for simulation. Also, some variables can have an indirect 
effect on each other, and then there is no need for a statement. 

• Some links can be bidirectional. For example, “if safety is increased then risks 
are lowered” and “if risks are decreased then safety has a higher value”, these 



statements can be counted as a bidirectional link; thus, one of these statements 
can be omitted. 

• The values of some links are known from the literature or from the theories in 
the specific fields.  

Performing Q methodology 
Developing statements for Q sorting requires most of the effort; however, it is not 

the only step needed for the performing Q methodology. 
Decisions concerning instructions, a number and names of piles, types of interviews 

are made at this stage. 
Instructions usually consist of introducing the topic that is investigated and a 

description of steps, and information on what needs to be done at each step.  
Scores are used for sorting statements. Usually, a number of scoring groups depends 

on a number of statements with average groups number is 5-6 times smaller than the 
amount of statements and they are named based on agreement (disagree-neutral-agree), 
however, other names exist as well (Schlinger, 1969). 

Together with scoring, it is important to define sorting conditions. Typical options 
are force-choice (the number of statements for each or pile is predefined) and free-sort (a 
participant allowed to put as many statements as he or she wants into any of the piles). 
Both conditions have their strengths and weaknesses (Block, 1956; Brown, 1971; Hess & 
Hink, 1959) 

 Participants for Q methodology are chosen considering the needs of the research. 
Typically participants can be experts in the field, target audience, consumers of service 
or product etc. The diversity (gender, age, religion, social class etc) is considered to be a 
benefit. The number of participants usually is less than the number of statements, with 
some authors suggesting using a statement-participant ratio of 3:1 (Webler, Danielson, & 
Tuler, 2009).  

Transforming statements into links 
Once the sorts are completed, or parallel to Q sorts, the statements need to be 

transferred into the links for the model. If all statements have been done using the same 
structure, this step can be relatively easy to perform: 

More variable 
1 leads to more variable 

2 Less less 

 
or 

More variable 
1 leads to less variable 

2 Less more 

 

Variable 1 Variable 2 + 

Variable 1 Variable 2 



At this stage, it is also important to determine if there are any variables that have no 
incoming links, or opposite have no links that go out from the variables. It can be an 
indicator that some elements are missing; although, it is not necessary a mistake. 

 Also, it is important to make a decision about the weight of the links. Usually, the 
groups, in which statements are sorted in, have value scale from negative to positive, or 
only positive. for example if we have 9 groups from strongly disagree to strongly agree, 
in the first case, strongly disagree will have value -4 every next group will increase its 
value by one and strongly agree will have value of +4. In the second case strongly 
disagree will have value 0 or 1, and strongly agree will have a value 9 or 10 respectively. 

Only positive values for group mean that all links exist all the time, and, based on 
replies, the weight of influence differs. With negative and positive replies links with 
positive values (from neutral to strongly agree) will have different effects on variables: 

• positive value during sorting gives its value to the weight of the link. For 
example, if a statement says “variable 1 increases variable 2” and it has value +3 
from the Q sorting, then link will be as follows: 

 
• zero value or neutral during sorting indicates that the link does not exist 

(participant do not care about this link in his/her worldview); 

• negative value during sorting can be omitted as well, since it shows that person 
disagrees with the statement and the link, or a positive causal link can be changed 
it to negative link (and opposite), while absolute value becomes the weight. If a 
previously mentioned statement will get value –3 from the Q sorting, the results 
can be like this: 

 

Analysis of Q sorts 
Q methodology uses factor analysis to find factors or groups of people that think in a 

similar way. Factors, in this case, are found in analysing replies of participants. 

 
Fig. 1. Opinions, attitudes, and beliefs (Brown, 1980) 

Variable 1 Variable 2 + 3 

Variable 1 Variable 2 3 



The grouping happens based on a correlation that different replies have one with 
another. Correlations are used to constructed factor matrix. Each factor represents a 
group of participants, who think similarly. Values of each factor are used as the values of 
the corresponding links of the model. 

Developing the model 
The model is developed based on variables and links that have been chosen in 

previous steps. It also can include other elements that are needed for a proper model 
(Richardson, 1999). 

Validation and analysis of system dynamics  
The validation of the system often is impossible due the fact that the model 

represents worldviews of the individual participant or of the number of participants. In 
order to evaluate if the model provides proper results, results have been validated by 
comparing individual replies and asking participants to evaluate the results. Since the 
model is based on worldviews, it is important for validation not to use calculated values, 
but original replies of individuals, because his/her responsibility is to compare results 
with their own way of thinking. 

Usually, the results will have either oscillatory or no-oscillatory behaviour. 
Oscillatory behaviour, in this case, means that the person or group of people think that 
the system is constantly changing (dynamic). It requires making decisions often and 
having a good understanding of the system. No-oscillatory behaviour indicates that there 
is stability in the system. It allows making better long-term decisions as well as making 
daily assignments. The combination of Q sorts or factors can change the type of 
behaviour. This might indicate that people can gain more effective results by working 
together or separately.  

Experimentation 
When the model has been developed, it can be used for observing the dynamics in 

perspectives, but also it can be used for experimenting. Since the values of the links do 
not depend on the other elements, adding some model elements will not change the 
validity of the model. But it allows experimenting, for example, introducing some new 
policies. In this case, a new element will be added to the system; that will have an 
influence on variables connected to the policies, and the behaviour of the entire system 
will change and it will be possible to see the changes. 

Case Study 
The Swedish Road Administration, similarly to many other road administrations 

worldwide, is responsible for infrastructure and its improvement. And since they are the 
main and often the only client in the road construction sector, they have the tools to lead 
the sector towards their overarching goals of green, smart and cheap roads – using 
innovative procurement. Such approach requires that all parties in the road construction 
sector take part in innovation (Shreenath, Kornevs, Raghothama, & Meijer, 2015). 

Procurement is the act of buying a product, service or work. Government institutions 
have to use the procurement process if the required service is above a specific monetary 
value or threshold. Today, the main focus in procurement is obtaining the cheapest 



contract but not stimulating innovation. Thus, the road administration is planning to 
make changes in the procurement policies. And, in order to see what the consequences 
will come from the changes, they need to develop a procurement model.  

However, most of the procurement models look at the procurement as a linear 
process without analysing the second order effect that so far has not been very well 
studied. So in order to have a better understanding of the procurement, it is important to 
define what perspectives have different stakeholders in the road construction industry on 
different variables of the road procurement (Kornevs, Kringos, & Meijer, 2014). Since 
the views of stakeholders are subjective, Q methodology is used as the main method to 
analyse the answers. In addition, it is important to show how the system changes over the 
time; so SD modelling is chosen. In this way, we can see how different variables behave, 
and experiment with the models of different stakeholders groups. 

 Such procurement model will give a chance to see what results will have long-term 
changes in procurement policies to all stakeholders in the industry. 

Choosing variables 
In order to determine what variables are important in road procurement, a literature 

review is performed. Several sources - documents related to procurement documents, 
tasks and visions of corporations, key performance indicators, and expert opinions - have 
been analysed (Kornevs et al., 2014). Based on literature review results, 11 variables are 
found: innovation, cost, durability, environment, risks, market balance, recycling, 
procurement process, safety, prediction, and warranty. Some other variables, like public 
acceptance or expansion, are omitted because they are less important comparing to other 
variables, they do not have much influence on a model, and also they are not needed for 
final decision making. The following definition is applied to the variables: 

Innovation is openness to new ideas, methods, materials and products. It is 
willingness to integrate high-quality research and education with current practices 
(BVFF, n.d.). Although innovation is something that is encouraged by many, it can 
negatively affect other variables because of lack of experience with handling innovative 
solutions.  

Cost is the main objective of traditional procurement. Auction theory suggests that 
the winning bid should tend to approach the lowest possible procurement price (Estache 
& Iimi, 2008). Cost also includes cost overruns that occur due to uncertainty related to 
complex processes during a road’s lifetime (Guccio, Pignataro, & Rizzo, 2012).  

Road durability is the ability of a road to withstand wear, pressure or damage. 
Durability is achieved mainly by using durable materials, but processes like maintenance 
can affect it as well (Mehta & Burrows, 2001).  

The environment in this work is defined as the natural world or surroundings that are 
being affected by the road. This can include both global effects like global warming and 
local processes. The environment is also affected by the use of natural resources and raw 
materials. Based on the Commission of the European Communities, road procurement 
matches two sectors (transport services and construction) out of the 10 Green Public 
Procurement sectors that have the highest importance in terms of the scope for 
environmental improvement (Commission to the European Parliament, 2008). 

A risk is an event or a process that may have an impact on functionality or 
achievement of objectives. Such an impact can have both negative and positive outcomes 
(Bourn, 2002). However, we are limiting the risks to threats with negative effects. Risks 



in road procurement can occur at the procurement stage like malpractice or non-effective 
use of money, as well as risks related to the road. 

Market balance is stability that occurs when there are enough companies that satisfy 
the demand. This allows new players, but the general structure does not change rapidly.  

Recycling is a process of reusing, converting waste into reusable material. Recycling 
improves the life-cycle assessment of the road and it allows for resources to be saved by 
using some parts of the current road structure for the new project. 

The procurement process is a legal framework for obtaining equipment, materials or 
supplies. Usually, procurement is defined by the government and international 
organisations like the European Union (The Swedish Competition Authority, 2015). The 
procurement process can vary in different organisations based on their objectives and 
best practices.  

Safety is the condition of being protected from the dangers that came be caused by 
road design, road construction processes and road users. Safety is important during the 
road construction for constructors and after for the users like drivers, passengers and 
pedestrians (Ågren, Olander, & Widén, 2012).  

A prediction is an act of forecasting what might happen in the future. Prediction 
methods allow calculation of a load of a road for the road administration. They also 
allow calculation of the behaviour of road materials and its structure. 

A warranty is a guarantee issued to the buyer promising that the quality of work 
satisfies the requirements. Typically it also states the penalties for not reaching the 
needed quality in the form of fees or replacing the service. 

Statement definition 
When the variables are found, they are used to generate statements. Each statement 

for this work is made based on two variables. Since there are 110 combinations of two 
different variables, the number of statements was reduced.  

The concourse was reduced by removing statements with variables that have no 
direct effects on each other and where the effect is known from the literature. For 
example, the pair of procurement process and environment was removed because there is 
no direct effect. It is true, that procurement process influences recycling and innovation, 
that in return affect the environment; nevertheless, there is no direct connection between 
procurement and environment.  

Most of the statements are built based on structured statement principles. An 
example of such statement is “Roads with a high durability will always cost more” (the 
higher is a value of durability the higher is the value of costs) or “Contracts with lowest 
costs increase risks” (the lower is the value of costs, the higher is the value of risks). 

However, not all statements used followed the same structure. Some of the 
statements came directly from the client, and some were created without sticking strictly 
to these guidelines. 

In result, Q sort had 43 statements in it. 

Performing Q methodology 
Decisions and way of thinking about the procurement depend on different types of 

the procurement (buying all services separately or using turnkey approach). So it was 
decided to use Q methodology twice for each participant: the first time the person had to 
answer the statements about the maintenance contracts and then about turnkey contracts. 



Both sorts used the same set of questions (some statements were little modified: for 
example, “Innovation can help to reduce CO2 emission in maintenance contracts” and 
“Innovation can help to reduce CO2 emissions in turnkey projects”). 

Strongly 
disagree Disagree Slightly  

disagree Neutral Slightly 
agree Agree Strongly 

agree 
       

       

       

       

       

       

       

Fig. 2. Q sort response matrix 

The force-choice Q sorting was chosen as more traditional approach with the flat 
distribution as seen in Fig. 2 was chosen. Since many of stakeholders are located in 
different cities and it was impossible within the project to meet them all personally, 
electronic sorting was chosen. The first choice was using available web-based tool 
FlashQ (Hackert & Braehler, 2007), but in the process we learned that it still could not 
provide all functions that we wanted (more data collecting mechanisms, using personal 
style and combining two sorts to look like one), the decision to develop our own tool was 
made (see Fig. 3). In this way, we were able to record more decisions of the participant, 
and to give a more appealing look to Q sorts. 

 
Fig. 3 Web-based tool for Q Methodology 

The participants were instructed to the topic of research and answered some 
questions about their background. Then they saw statements one by one and chose if 
they agree, disagree or are neutral towards each of the statement. Then the person needed 
to sort statements into one of 7 piles.  When all statements were sorted, a person was 
asked about the decision behind strongly disagreeing and strongly agreeing with the 
statements. After it, the person saw statements regarding turn-key projects and followed 
the same procedure. 

When possible, Q sorts happened in the presence of the observer, who recorded oral 
comments, provided technical assistant and motivated participants to continue, when the 
frustration due the force structure of sorts was too high.  



Transforming statements into links 
The replies to the statements were converted into the range of -3 for strongly 

disagree to gradually increasing to +3 for strongly agree. 
Transforming statements into links had few complications in the process, mainly 

because a) not all variables were properly included and b) not all statements were 
formulated based on the structure statement scheme. 

One of the variables, that were originally used is procurement (the process how 
government institutions buy products or services). However, procurement by itself 
cannot be measurable, or in other words, one cannot have more or less of procurement. 
For this reason, procurement was split into three sub-variables: freedom of specification 
(how much of specifications can be adapted by bidders), number of awarding criteria, 
and chance to be awarded. These new variables can increase or decrease their value; 
thus, they are suitable for SD model. The statements, that had to deal with procurement, 
were used at this stage as links to one of these three new variables. 

Similarly to procurement, the variable Market is again not countable. And so it was 
split into “changes in market balance”, where the top value shows that the market goes 
through serious changes, while low value shows that market is stable and does not 
change, and into “individual market position”, where high value shows that individual 
entrepreneurs have a high opportunity to improve their position on the market, and low 
value shows lack of such opportunity.   

Also, it was observed that some statements that had to deal with innovation actually 
do not work with innovation as such, but rather looking at the things that can prevent 
innovation. Therefore new variable “blockage to innovation” was introduced where it is 
more applicable than innovation itself. 

Transformation of most of the statement was easy due the structure. Fox example 
statement “Contracts with lowest costs stimulate innovation” deals with costs and 
innovation. It has the following structure: 

 
However, some of the statements have not followed the pattern. For example, the 

statement “The current market balance is the result of the push for lowest costs” asked 
for an extra evaluation. First of all, we needed to define what a current market balance is. 
It is a market structure that has been achieved by changes in market balance. So it makes 
the sentence look like “More changes in market balance are the result of more pushing 
for lowest cost”.  Word result in the statement shows that the cause and effect have 
changed, so the sentence should be “more pushing for lowest cost leads to more changes 
in market balance”. Next step here is to understand the more pushing for the lowest cost. 
Costs do not affect market directly, but rather they affect the chance for a tender to be 
awarded. Hence, the structure now is: costchance to be awardedchanges in market 
balance. This leads to a state, where the transformation has not generated just a unique 
link based on this statement, but rather a chain that is used in the model as two separate 
links with the same effect. 

One statement was formulated as “Tenders should be awarded by both lowest costs 
and CO2 emissions”. In this case, the structure is costs  chance to be awarded and 
environment  chance to be awarded. Since it is impossible to put such structure with a 
conjunction between the both of statements without overcomplicating the model, the 

 Innovation – Cost
  

or  Innovation Cost
  



statement is separated into two individual links with the same value. Although it might 
give misleading results in some case, based on replies of participants we saw that this 
separation is precise enough. 

Some of the statements were not transformed as links since they were used as 
controlling questions. As a result, 43 links are defined with the summary seen in Table 1. 

TABLE 1. NUMBER OF LINKS CONNECTED TO DIFFERENT VARIABLES 

Variable 
Number of links 

going into the 
variable 

Number of links 
going from the 

variable 

Total connected 
links 

Market Balance 4 1 5 
Number of Award Criteria 0 2 2 
Chance to be Awarded 7 1 8 
Warranty 0 4 4 
Environment 3 1 4 
Costs 3 6 9 
Innovation 6 7 13 
Individual Market Position 2 0 2 
Predictions 1 3 4 
Risks 7 0 7 
Safety 2 2 4 
Recycling 0 6 6 
Blockage for innovation 2 1 3 
Freedom of Specification 0 1 1 
Success in History 1 1 2 
Green Procurement 1 2 3 
Durability 4 5 9 
 

As seen, a number of award criteria, warranty, recycling, and freedom of 
specification have no links, which affect them. In some cases, it is seen that a number of 
award criteria and freedom of specification are decisions to make by a person. In a real 
system, they also can be seen as disconnected from other variables. Recycling and 
warranty usually should be connected in the system; however, it something open to 
discussion, and we made assumption that these variables are decision-making points; and 
thus, it is acceptable that they don’t have incoming links.  

 The individual market position has no links that would leave this value. It means 
that individual market position does not affect anything in the system. Although there are 
connections in the real world for this variable, for example, individual market position 
influence chance to be awarded, the link is not that strong (at least in Swedish road 
construction industry), so it was also assumed that it is not a mistake.  

Most of the participants during Q sorts expressed that they would agree with 
statements, that are opposite of the statements they had disagreed with. Basically, if the 
statement says “Innovative roads cost more” and the person disagrees with it, the same 
person most likely would agree with the statement “Innovative roads cost less”. Hence, if 
someone disagreed with the statement, that has a positive causal link, we changed it to 
negative link, and opposite. 



Analysis of Q sorts 
PQMethod software is used to analyse the results gained from the Q sorts 

(“PQMethod Software,” n.d.). The software is developed to perform all needed steps for 
analysis. It starts with performing correlation comparison between all sorts and records 
results into a matrix (Table 2). The correlation shows how well two sorts, or two 
worldviews, agree with one another. The value range is between 100% for a full 
agreement to -100% for full disagreement. For example, sort 1 and sort 8 has a high 
correlation, which means that they have similar opinions on many statements. And sort 4 
and 9 has a correlation value of  
-12, which means that their results are opposite one another – where one would agree, 
the second one would disagree. 

TABLE 2. CORRELATION MATRIX BETWEEN SORTS 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1  -- 27 28 34 38 22 29 73 21 35 50 28 17 26 34 
2 27  -- 12 21 42 21 36 17 26 25 45 27 51 55 26 
3 28 12  -- 11 36 50 63 28 39 20 43 19 12 14 37 
4 34 21 11  -- 17 3 15 32 -12 11 25 18 15 20 5 
5 38 42 36 17  -- 22 60 51 37 26 65 30 62 52 49 
6 22 21 50 3 22  -- 38 17 37 14 39 28 -1 7 36 
7 29 36 63 15 60 38  -- 30 43 6 55 21 43 28 27 
8 73 17 28 32 51 17 30  -- 22 24 42 30 35 28 36 
9 21 26 39 -12 37 37 43 22  -- 38 20 32 30 36 38 
10 35 25 20 11 26 14 6 24 38  -- 12 10 9 10 20 
11 50 45 43 25 65 39 55 42 20 12  -- 41 45 35 54 
12 28 27 19 18 30 28 21 30 32 10 41  -- 29 17 38 
13 17 51 12 15 62 -1 43 35 30 9 45 29  -- 43 33 
14 26 55 14 20 52 7 28 28 36 10 35 17 43  -- 32 
15 34 26 37 5 49 36 27 36 38 20 54 38 33 32  -- 

 
Correlation matrix can be used for sort analysis, but usually, it is just a step for a 

factor analysis. Factor looks on sorts that a have high correlation between them and 
clusters them together. As a result, factor matrix is calculated. To better determine better 
the values of factors, they are rotated. After rotation, it is possible to determine to what 
factor belongs the sort by choosing the highest value as seen in Table 3. Sometimes the 
defining factor can be not very clear, as for example, in sort 11. In this case, there is a 
close connection between both factor 1 and factor 2. It means that participant shares 
equally the attitudes of both factors. 

TABLE 3. FACTOR MATRIX WITH DEFINING SORT 
Sorts Factor 1 Factor 2 Factor 3 Factor 4 
1 0.12 0.21 0.86 0.22 
2 0.58 0.10 0.18 0.23 
3 0.01 0.80 0.14 0.14 
4 0.14 0.01 0.46 -0.06 
5 0.67 0.40 0.26 0.06 
6 0.04 0.62 0.01 0.21 



7 0.40 0.52 0.22 0.00 
8 0.26 0.26 0.64 0.07 
9 0.30 0.47 -0.19 0.81 
10 0.07 0.09 0.29 0.40 
11 0.53 0.55 0.32 -0.10 
12 0.29 0.31 0.20 0.07 
13 0.80 0.12 0.06 -0.03 
14 0.65 -0.02 0.19 0.22 
15 0.36 0.43 0.19 0.14 

Based on factor matrix, one can find the factor array, or ‘the perfect sort’ for this 
factor. This array helps to find common characteristics of the people who participated in 
Q sorting. Since all statements have been related to variables, it is possible to make a 
conclusion about the each of the group (factor) based on these connections. In the same 
time, the sorts of each of the factors are providing values for links for developing the SD 
model.  

Developing the model 
Model is developed based on casual loop diagram as seen in Fig. 4. Each link has its 

positive or negative casual value, and the number of the corresponding statement is 
recorded. Since not all statements match values of casual links, some of the links might 
have a different direction in the model than it is mention in the figure. 

 
Fig. 4 Fragment of the system of procurement perspectives 

Some links have a value of more than one statement. For example, statements 1 and 
27 ask about a connection between costs and chance to be awarded. In this case, the 
average of the values is used as the value of the link. 

For calculation purposes, all links are put in a matrix. This matrix is not symmetric 
because links are not bidirectional. Every individual sort or factor will have the matrix 
with its own unique values based on the sort or factor array. Calculation matrix for factor 
1 is given in Fig. 5 as an example. 



 
Fig. 5. Example of calculation matrix 

Validation and analysis of system dynamics  
When the model is completed with all the elements and values, it is possible to 

observe results for each of the factor. In this project factors 1, 2 and 4 had non-oscillatory 
behaviour. Results for factor 1 are shown in Fig. 6. Although it takes some time to 
balance, it provides stable results that can be easy analysed.   
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Fig. 6. Dynamic plot for perspectives on procurement 

Factor 3, however, does not have a balance and oscillate over the time (see Fig. 7). 
Since oscillation has a regular rhythm, it is possible to find periods and analyse only one 
period instead of entire time series. 

 

Fig. 7. Dynamic plot with oscillation for perspectives on procurement 

One way to analyse the system dynamics with oscillatory behaviours is to find 
average of each variable in one period. In this way it is possible to get just one value for 
each variable. Such table with values for each of the factors is shown below: 

TABLE 4. DIFFERENT PERSPECTIVE BASED ON SD MODEL 
Variable Factor 1 Factor 2 Factor 3 Factor 4 
Market Balance 1.0 0.6 0.0 0.6 
Number of Award Criteria 0.5 0.6 0.6 0.2 
Chance to be Awarded 0.9 0.4 1.0 0.0 
Warranty 0.5 0.6 0.6 0.2 
Environment 0.6 1.0 0.4 0.1 
Costs 0.7 0.9 0.8 0.0 
Innovation 1.0 0.9 0.1 0.0 
Individual Market Position 1.0 0.5 0.7 0.0 
Predictions 0.5 0.7 0.4 0.5 
Risks 0.5 0.3 0.7 1.0 
Safety 0.2 1.0 0.7 0.3 
Recycling 0.5 0.6 0.6 0.2 
Blockage for innovation 0.0 0.0 0.4 0.2 



Freedom of specification 0.5 0.6 0.6 0.2 
Success in history 0.5 0.7 0.5 0.2 
Green procurement 0.4 0.3 0.3 0.2 
Durability 0.6 0.9 0.2 0.2 

 
The model was validated with participants by discussing and evaluating their results. 

Participants, whose answers are sorts 11, 12, 13, and 15, were asked to look at SD 
models results based on their individual sorts, and say if they agreed with results. 

Experimentation 
No experimentations were planned at this stage of the work, leaving it for the future 

work. But, undoubtedly, the results show new insights on the perspectives on 
procurement that stakeholders in Swedish road construction sector have. 

Conclusion  
Modelling and simulation are important tools for decision making. They are used in 

many fields from military purposes to medicine, from the government to manufacturers. 
It allows conducting experiments that are cheaper and safer than a real system; it allows 
getting results faster than it is possible by observing a real world; it allows having better 
control of the experimental conditions. 

In order to develop a simulation model, typically a significant amount of data is 
required. There is a number of ways how data can be obtained and used for simulation 
purposes. However, most of the data are gained from statistical information. Hence, 
other types of information, such as subjectivity, usually are not included or are obtained 
with the help of experts. The question that is seldom brought up is if we can transform 
experts into building blocks of the model. 

 Q methodology is a research method that can help separate different groups (factors) 
of experts and, thus, create different sorts for modelling and simulation to provide betters 
results in the end.  

However, there is no good mechanism to transform Q methodology results to be 
used in the simulation. Q methodology uses factor analysis that ends with results like 
correlation/cumulative communalities/factor matrices, factor Q-sort values and factor 
characteristics. All these results show different patterns in users and statements, but they 
require an interpretation for further problem solving. 

The paper describes a framework on how Q methodology can be used to generate 
data for modelling and simulation. The case of road procurement in Sweden is used for 
it. The case is based on looking at different perspectives of stakeholders involved in 
procurement. Using Q methodology and applying gained results to a system dynamic 
model make it possible to investigate the behaviour of the system, which is based on 
subjective opinions of the stakeholders. 

The framework contains 8 steps from defining requirements for the statements to 
obtaining the results from experiments with the model. Each step is discussed, and 
suggestions are made in an attempt to generalise the framework. All starts with choosing 
variables that are important to research questions. It is followed by defining statements 
for Q methodology based on the chosen variables. Next step is actual performing of Q 
methodology. Parallel to it, statements need to be transformed to casual links for the 



system dynamic model. Results, gained from Q sorts, need to be analysed next. These 
results are used for a final model development. Validation and analysis of system 
dynamics are performed after. And it produces a working model for experimentations 
and testing. 

Using this framework, it is possible to work on a case of road procurement and 
investigate what are the perspectives of the stakeholders in the road construction sector. 
The model is built based on their worldviews and the system is simulated in order to see 
how it behaves over the time. It also allows performing experiments with the system. 
Considering that the connections in the system can be explained only by subjective 
opinions of different stakeholders, the proposed framework is the tool to work with such 
systems. 

This framework allows using subjective data for modelling and simulation. It means 
that systems that deal with subjectivity can be modelled and experimented with. It gives 
opportunities to simulate sociotechnical systems, where social behaviour cannot be 
described with observation data. 
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