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Abstract. Governmental institutions need to ensure work of
infrastructures, and in most cases, it is done using project procurement
process. Such processes have highly complex and dynamic interaction. It
leads to issues, such as information asymmetry, over-specified tenders,
not efficient feedback loops, etc. As result, projects can rarely match
objectives of organizations. This paper explores the use of participatory
simulation to help holistically investigate a project procurement process.
Based on case studies from the Swedish road construction field, it can be
concluded, that a participatory simulation is an effective approach to
experiment with the effects of project procurement.

Keywords: project procurement, challenges in procurement, participatory
simulation, road construction



1. INTRODUCTION

Governmental procurement is a process of obtaining goods or
services. Procurement accounts for approximately 12% of the gross
domestic product (GDP) of developed countries, and 16% of the GDP of
the European Union (OECD, 2017). The purpose of procurement is to
stimulate an open market and to provide the best price for the ordered
product, works or services (European Parliament and of the Council,
2014). However, in practice, a procurement process, especially
procurement that is a part of projects, can rarely match objectives of
organizations (Croom and Brandon-Jones, 2005; Thai, 2001) because of
technical specifications and dependencies on multiple stakeholders that
are involved.

Despite the importance of the procurement in a business, not a lot of
work has focused on how changes and adaptations to the procurement
process affect the total outcome of the system. Most of the existing
studies decompose contracts into smaller, more tractable problems, such
as ordering amounts in supply chain management (Kornevs et al., 2016a).
However, such an approach cannot address the important aspect of
agency and complexity in the decision-making process within
procurement. To simulate a holistic view of contracts, business models
and decisions, there is a need to develop a different approach, that would
be able to grasp the complexity in procurement process (Altamirano,
2010).

In order to achieve it, this paper suggests using a participatory
simulation to explore to what extent participatory simulation approach
may be used for investigation of different issues existing in road project
procurement and to evaluate complexity in procurement.

This study is important for several reasons. First, analysis of project
procurement on different levels of planning helps to reveal the underlying
issues that prevent organizations to maximize the effectiveness of
procurement process. Second, evaluating current methods allows seeing
strengths and weaknesses in different methods, and helps to use the
advantages of participatory simulation to solve these issues. Third,



presented case studies and analysis of their results illustrates how
introduces approach helps to grip on project procurement.

With the need to change and to adapt to new regulations and norms to
increase the level of innovation in such systems, there is a need to
simulate procurement process (Crespo Marquez and Blanchar, 2004;
Keay et al., 2003). Models in traditional methods of the simulation are
based on close systems where choices of agents are limited. Because of
that, these traditional methods do not address the important aspect of
agency and complexity in the decision-making process within
procurement. Some existing models decompose contracts into smaller,
more tractable problems, such as ordering amounts in supply chain
management (Kornevs et al., 2016a). To simulate a holistic view of
contracts, business models and decisions, there is a need to develop
different simulation approaches, such as participatory simulations
(Altamirano, 2010).

The rest of the paper is organized as follows: in Section 2, we provide
a background on project procurement with some common challenges and
methods that are traditionally used to address some of these challenges.
Section 3 describes a participatory simulation approach and how it can be
applied to project procurement. In Section 4 we describe two case studies
based on participatory simulation and outcomes from these studies.
Finally, we conclude the paper in Section 5.

2. BACKGROUND

1.1. Project Procurement

Procurement is a procedure that governmental institutions need to
follow in order to buy goods, services or work over a predefined
threshold. The procurement process comprises several steps (Baily et al.,
2008; United Nations, n.d.). It starts by defining the needs and developing
technical and functional specifications. Then the criteria for participation
in bidding and award criteria are specified before the documents are
published. Interested companies can submit their offers or tenders. The



tender that meets all the requirements and has the best offer based on the
award criteria is awarded.

Although procurement is well defined on many levels, the procedure
still leaves room for making decisions. Project procurement is a type of
procurement that is performed as a part of a project to obtain customized
item or service. Such procurement procedures are known as project
procurement.

Project procurement is used when there are no off-the-shelf solutions
or products (de Aradjo et al., 2017). Such items or services often are
required in construction projects, product development projects,
information system/information technology projects, energy or hydro
projects, maintenance projects (de Aradjo et al., 2017). However, a
majority of the project procurements are in a road construction sector
(Holt, 1997; Rowlinson and McDermott, 2005).

Road construction and maintenance are performed by a number of
stakeholders with each having its own responsibilities and functions. The
main stakeholder is usually a public road administration, which is a
governmental organization. They have the responsibility of carrying out
projects that typically require road related works for a period of time from
several years to 15-20 years (Svenson, 2014). This makes the procurement
stage important since at this stage are defined all works and services that
will be performed in the frame of a project.

1.2. Procurement at Three Levels of Planning

Today the major focus in procurement is on the process from the
definition of the requirements for awarding the contract to the winning
contractor at the end of the procurement service. However, it is important
to view the role of procurement for the organization and to see how
procurement fits into the ‘bigger picture’ of an organization and how
procurement is managed and planned by the organization. Often, these
management tasks can be viewed by three levels of planning: strategic,
tactical and operational (Van Belle et al., 2003).



1.2.1. Procurement at a strategic level

Strategic level of planning includes long-term decision making. It
looks at product and process management from a lifecycle point of view.
In business, project procurement can be seen at a strategic level, when all
or most of the project execution is procured and developed by other
companies (Spekman, 1981).

For example, in the architectural, construction and manufacturing
industries, products or works can be obtained as turnkey contracts. In this
case, a client is paying for a design, building or manufacturing, and
supporting the product or work. It gives more freedom for bidders to look
at the product in a holistic way and make improvements from the life
cycle perspective (Bratt et al., 2013). However, it reduces the control level
of a client and can create more risks in cases when the company that won
the tender does not fulfill all obligations (Bovaird, 2006).

1.2.2. Procurement at a tactical level

Tactical level focuses on demands and achieving the best end value.
Most of the procurement contracts are made at this level based on best
practices and experience of an organization (Beaudoin et al., 2008).

Usually, procurement at the tactical level is done for products or
services for an extensive period of time (from one to 7-8 years depending
on the field) (Velde and Pruijmboom, 2003). A lot of the procurement
process is done based on existing templates and established guidelines.

1.2.3. Procurement at an operational level

Operation level focuses on day-to-day operations. Although
procurement is rarely done for single operations, much work related to
procurement can be seen as operational. It can include micromanagement
of works or services, working with reports, or change minor procurement
documentation such as report formats for the next procurement process.



1.3.Challenges in Procurement

The procurement process is not limited only to the procurement stage
(Callender and Matthews, 2002), especially dealing with procurement at
strategic and tactical levels. Procurement procedure influences execution
of works, increase dynamics in the market, and eventually, they are
changing ground for next procurement processes. This indicates that
procurement is a complex system (Holland, 1992; Kornevs et al., 2016a).
And looking on project procurement as a complex system allows
identifying some issues in this type of procurement (Erridge and Nondi,
1994; Uyarra et al., 2014).

1.3.1. Information asymmetry

Information asymmetry occurs when some stakeholders have greater
material knowledge than the other stakeholder. Usually procuring
stakeholder has more information that is available in the documentation
(Corbett and Tang, 1999; Mukhopadhyay et al., 2011). It can include
work-related data from previous or similar projects that can be beneficial
for other stakeholders. It can also be some more expectation what the
final product or service should be like. On the other hand, companies can
have access to more technologies, materials, methods or systems that they
are willing to reveal in their tenders, for example, due to secrecy. This
behavior, although being a business and competition driven, leads to not
transparent relationships and often leads to less profitable deals (Giimiis
et al., 2012). It also creates an imbalance of power in transactions that
leads to a negative influence on the market’s balance.

Information asymmetry at the strategic level leads to solutions that do
not satisfy all the needs of the client because not all needs were properly
documented. At a tactical level, information asymmetry can challenge
performance due to lack of bigger vision from companies. At an
operational level, it can create problems with right executions of all
regulations and reporting systems.

1.3.2. Slow and time-consuming process
The procurement procedure can affect the speed of completion. The
procurement procedure itself can be a very time-consuming (Matthews et



al., 2015). This is especially true for procurement at the strategic level.
The time between the first involvement of procurement managers in the
project at the beginning of the work can be up to several years. At the
early stages of the procurement process, some time is spent on
preparation of specifications, the scope of work and other terms. Usually
some of the previous contracts can be reusable for these purposes;
however, each set of documentation end up being totally unique as it is
based on individual projects. Once all is ready, request for tenders are
launched with submission period of 2-8 months for more typical types of
projects as for technical consultants or maintenances and even longer for
building or turn-key type contracts. After the winning contract is
announced some time usually is reserved for negotiations and appeal.
Also, some projects do not start immediately after but have some time for
companies to prepare for the start of the work. Better distributed control
in the field, better connection and communication during the process of
procurement, and better adaptation to the needs can make this process
faster.

1.3.3. Over-specified tenders

Specifications are an important part of any tender — they help to
understand what the final product or service has to do. However, often
determining specifications is not a trivial work.

Specifications can be classified as technical and functional. Functional
specifications describe what the product needs to deliver from the user's
perspective. Functional specifications in most cases are considered to be
more preferring. However, having only functional specifications may
lead to difficulties in controlling monitoring and evaluating the product or
service. Therefore, there is a need for technical specifications that
describe the details and characteristics of the needed project. Technical
specifications decrease openness for innovation and alternative solutions.
A proper balance between technical and functional specifications is
essential to avoid over-specified tenders (Vahatalo and Kallio, 2017).
However, in reality, this balance is hard to maintain because of the
different goals of different stakeholders (lossa and Waterson, 2017).



Over-specification usually is a lesser problem at a strategic level;
however, it can be a huge issue at tactical and especially at operational
levels.

1.3.4. Feedback loops

Feedback loops exist between two elements that are interconnected
and that affect one another. Feedback loops are important because they
show how successful is a project procurement compared to the outcomes
(Kornevs et al., 2016b). For proper feedback, it is important to analyze a
set of very similar projects. However, in the case of project procurement,
it cannot be done. All projects are unique and even two similar projects
may have two totally different outcomes. Also, usually it requires a very
long time to see the outputs of the contract. Some contracts in road
constructions industry can be up to 15-20 years long, thus, making the
analysis of input and output variables almost impossible.

Feedbacks in most cases works well at an operational level, but at
strategic and tactical levels, usually, have major issues with feedback
loops. At strategic levels, feedback loops almost never exist, while at
tactical levels they either non-existing or interpretation of feedback loops
is very.

1.4. Traditional Approaches to Challenges in Procurement

A number of approaches exist to address some of the challenges in
procurement, where each approach aims to target different scope or
perspective of the issues.

1.4.1. Financial Metrics

Financial metrics look on a project from the economic point of view to
help to evaluate what decisions are successful and which are not. These
metrics, like cost-benefit analysis, return on investment, a total cost of
ownership, can be very effective in different projects (Kornevs et al.,
2012; Nolte, 2015). However, they are more useful to determine the
effectiveness of the project itself, to determine if the organization needs
to own a product or it can be rented, and to determine a need to do



procurement in general. Financial metrics also can be used effectively at
an operational level. But they are less effective when there is a need to
evaluate how good procurement is at tactical or strategic levels. Also,
financial metrics are not meant to include complexity that comes from
communications between stakeholders because it is impossible to
transform these communications into monitory values (Meehan et al.,
2017).

1.4.2. Simulation

A simulation uses a model to imitate real processes in the real world
in a safe environment over a longer period of time. Simulation often gives
a very good understanding of feedback loops, and it is a good tool to look
how the system changes over the time (Robinson, 2003). However, a
good simulation requires a good model that includes all possible
interactions between stakeholders and consequences that are coming from
these interactions. Although it is possible, it can be extremely time
consuming, and it does not include co-evolution processes in the model.

Simulation can be an effective tool for contracts for the purchase of
supplies (Keay et al., 2003), where the contracts are more typical and the
scope of the problem is not a holistic approach but rather figuring optimal
ordering amount and reordering times. Hence, simulation of procurement
at a strategic level almost never is performed because of the complexities
and absent of a real system.

1.4.3. Game theory

Game theory looks at cooperation and conflicts in competitive
environments. Much research in game theory field is focused on how
people interact (Chen, 2015; Morrow, 1994). However, similar to
simulation, game theory requires a good knowledge of all possible
scenarios that can happen during the procurement. Based on this
knowledge, the best solution is suggested. However, in the case of public
procurement, it is impossible to determine all possible scenarios. Even
more, often boundaries between different scenarios are not well defined.
It is often a case, that two almost identical projects can end up with one
totally successful outcomes, while the second one fails.



In order to successfully evaluate project procurement approach has to
be able to see procurement holistically as a complex adaptive system.

3. PARTICIPATORY SIMULATION APPROACH

1.5.What is a Participatory simulation

A participatory simulation, or gaming simulation, is an approach
based on modeling and simulation of the real world. It uses real
participants to recreate behavior and decisions in the system (Duke and
Geurts, 2004; Grogan and Meijer, 2017; Meijer, 2009). The combination
allows participants to learn about the modeled system, prototype new
solutions, experiment with policies, and design other changes to the
system. Jac Geurts (Geurts et al., 2007, p. 552) states in his work that
participatory simulation is a “safe environment to test strategies in
advance, and can help decision-makers to create several possible futures.
The players build the future conditions of the system step by step by
moving from the current reality to a new vision.”

Participatory
methods

* Social, political,
and cultural
understanding

Simulation
* Models

» Feedback loops

* Decision support
systems

« Values, norms, and
perceptions

* Interdependent
variables

* Interaction and
stakeholders’
network

Participatory simulation

« Different levels of
abstraction

» Experience
» Expertise

Fig.1. Place of Participatory Simulation



A participatory simulation combines benefits of modeling and
simulation with participatory methods. As a simulation, participatory
simulation is based on a model of existing or non-existing reality
(reference system). The model is based on interdependent variables that
help to formulate connections and flows in the model. It provides users
with feedback on how the model changes over time. It might include
decision support systems such as optimization. Also, participatory
simulation can be done on macro, midi or micro levels. But at the same
time, participatory simulation includes ‘soft elements’ (Ernst et al., 2018).
As a method, that involves real people, participatory simulation can
handle better when the reference system deals with social, political and/or
cultural aspects. Participatory simulation allows working with value
systems of participants and their perceptions. It also makes possible to
investigate interaction patterns between participants. As a participatory
method, it allows also bringing experience and expertise of people into
the model.

1.6. Steps of Participatory simulation

Although the development steps of the participatory simulation are
different based on different objectives that are considered, the main
elements are seen in Figure 2.

Participants

v
o Roles —»
Participatory Rules — —» Qualitative Data
Simulation —
Design Objectlv.es —> Session
Constrains |—»
State —> —» Quantitative Data
Context —>
v

Participants with expirience

Fig.2. Inputs and Outputs of a Participatory Simulation Session,
based on (Grogan and Meijer, 2017)



The participatory simulation starts with an identification of goal(s)
and building proper design of the simulation. Roles indicate different
types of players with their functions. Rules regulate what actions are
allowed or forbidden. Objectives specify purpose and goals for
participants during the simulation. Constraints limit a range of freedoms
that participants have. Additionally to participatory simulation design,
each session is affected by state and context. State refers to design
variables, such as a number of teams or size of start budget. The context
is related to other variables that may be relevant to the session, for
example, background information of participants.

Participants are engaged in each session. Often participants expected
to have some knowledge about the system or the problem. As a result of
the sessions, these participants gain some experience by participating in
the simulation and by discussing the model after the session. In the same
time game produces qualitative and quantitative data, such as decisions
that participants made, time that it took to make these decisions, statistic
how participant performed in comparison with other participants,
comments that participants made, level of stress etc.

1.7. A participatory simulation approach for procurement

In the case of participatory simulation of procurement, approach
design is largely depended on the planning level: operational, tactical or
strategic. Each type of planning will have a different degree of realism or
abstraction, and a solution will range from specific changes to a general
direction where change should go.

Table 1. Different Scopes for Project Procurement Participatory
Simulation based on Different Types of Planning

Types of Planning Scope
operational Document scope
tactical Project scope
strategic Holistic scope

(for example, LCA scope)




On an operational level, the biggest focus is on an individual
document or a small set of documents. It can be a specification document,
or description of the bonus system for performed work or any other
document that affects the outcome, but is sensitive. Participatory
simulation, in this case, can help to determine how changes affect the
final outputs.

Participatory simulation on a tactical level allows experimenting with
the entire project. Such a project can be procured for technical
consultants, or procuring road maintenance. The outcome of such type
participatory simulation can be a better understanding of strength and
weaknesses of business models for such types of projects, it can identify
bottlenecks and documents or set of documents that need deeper
evaluation.

Also, participatory simulation allows looking beyond the individual
type of projects on a strategic level. This gives an opportunity to analyze
a set of projects in the more holistic way. For example, at this level, we
can look a combination of rural and urban projects, or from road design
project to road maintenance. Results from the approach at this level give
overlook on current practices in general and help to see how well
different projects actually cooperate one with another.

AEA

Participants
Standard Modified
procurement procurement
contracts contracts

Life-cycle
Evaluation assessment (LCA)
or other
Experts techniques

I

Feedback Performanc / / /
S Scores
e indicators

Fig.3. Participatory simulation design




Participatory simulation design depends on a type of planning, but
generally can be as seen in Figure 3. The type determines what
documents should be included in the design and what is the main
objective.

Roles for these experiments mainly should reflect important
stakeholders — transport administration employees, technical consultants,
researchers, construction companies, material suppliers etc. Roles also
can include specialization such as project leaders or procurement
managers. Roles are determined by potential choices that can be done in
during the session.

Rules describe what documentation can be changed, what type of
communication is allowed. In a case when a session has several rounds,
rules can describe if the rounds are inner-depended (participant continue
to round 2 on the results from round 1) or rounds are independent one
from another.

Objectives specify purpose that participants have to strive to achieve
in the session. It can be typical objectives based on a type of planning,
such as to build a road within a limited budget. In this case, a participant
or a team of participants with the lowest budget and sufficient quality can
be considered the winners.

Constrains limits what participants are allowed to change and what
must be kept. Often on an operational level, final solutions have to more
concrete and they must include many legal and management aspects. So
participants have constrained on what has to be included in their final
results. On the other hand, the strategic level solution can be almost
without any constraints to give a chance for participants to be fully
creative and innovative.

State and context are often defined closer to the experiment day and
they influence variables around the game. Such aspects can be the
employment of participants and their role in the game. The state describes
aspects as a number of teams, number of participants in the team, what is a
balance in scoring between main objective and creativity. Context is
dealing more with variables regarding participants themselves and venue.
Are we inviting to play only transport administration employees or
someone from business too? Do transport administration employees have



roles as transport administration employees or as a business (role reverse)?
If someone from business is invited what is his or her incentive during this
experiment? Was session too short/long and participants felt pressure
because of that? All of these variables affect the sessions’ results, but also
give richness to the gained experience. Typically sessions are repeatable
with the same participatory simulation design but state and context are
always different.

4. CASE STUDIES

To show the application of a participatory simulation approach for
project procurement two case studies are selected. Both cases are related
to road project procurement. However, the first case is about road
construction from a life cycle perspective, while the second case is
focused only on road maintenance procurement and is focused more on
the details of a contract. These cases were chosen to show how the
approach can be applied for a different level of planning, and what
outcomes can be expected.

1.8. Redesigning Procurement Contracts for Entire Life Cycle

1.8.1. Overview

Most of the work in road construction in Sweden is procured by
Swedish Transport Administration, Trafikverket. Although there are
multiple types of procurement contracts that they do on daily based, the
biggest focus is to make procurement of technical consultants for road
design and construction, procurement of road construction and
procurement of road maintenance more united. Trafikverket occasionally
tries procuring all these steps as one big project, but the result is not
always successful due to high risks. However, the current state also has
issues, because final products end up with too high life-cycle costs.

Purpose of participatory simulation was to address some of the issue
related to the need for redesigning procurement contracts with a strong
focus on the life cycle. There was a need for an environment, where



Trafikverket can think and discuss incentives in the procurement process
that they offer to business to improve the situation, as well as discuss
dilemmas why some attempts to solve this resulted successfully, while
other attempts were less effective than traditional approaches.

1.8.2. Participatory simulation design

To successfully reach objectives for this type of problem, it requires
going beyond typical procurement contracts. Thus, a strategic level was
selected for this case. At this level, it is important to let participants be
more creative and focus on the bigger picture rather than small individual
details. So, the main focus of this session was to build the best road for
the price with the limited budget. This would include typical procurement
of 2 technical consultants, procurement of road construction and
procurement of 2 rounds of road maintenance. Participants could choose
turn-key contracts, individual contracts, dividing into lots or any other
strategy to make sure that costs for the life cycle of a road are the lowest.
Expert-based model supported evaluation of the decisions and produced
outcomes. To achieve it, the model was developed as seen in Figure 4.

There was only one role for participants — Transport Administration.
Participants needed to use all their experience and knowledge to act in the
best interests of the company. They needed to make all decisions
regarding the contracts themselves, meaning that in some moments they
had to act as project leaders, in other moments as procurement managers,
and in some moments as a board of directors.
Rules for this case were straightforward — participants were allowed to
make any changes in procurement strategies and documents that they
wanted to achieve the goal. They had access to real developed and still
developing business models of Trafikverket. They were given premade
standard procurement documentation based on internal documentation
and already published calls of tenders as found at Tender Electronic Daily
(TED), an online official journal of the EU, dedicated to European public
procurement. Some other rules specified that participants were not
allowed to communicate with their competitors during the session. They
had access to ‘a market’ (represented by an expert in the field) to procure



Design phase Construction phase Maintenance phase

Fig.4. Participatory simulation design for the case of redesigning
procurement contracts for entire life cycle

services and works. In this case, participants had to work based on
information gained from the market.

The objective of the simulation was to build the best road for the price
with the limited budget. A lifetime of the road was given as 15 years,
what is a reasonable length of the road before it requires major fixing. A
definition of ‘the best road’ intentionally was not given since it was
another question about what characteristics road should have to be
considered of good quality. Based on the objective scoring system was
developed as well. Scoring system provides a feedback system and helps
participants to be more involved in the process. Mainly scoring was based
on total price of entire road life cycle; however, some extra points were
given if participants were able to address innovation, as it is one of the
big priorities for the organization.

Constraints were minimal. Participants were not limited in what they
can change and type of changes it could be. The only constraints were of
ethical issues — participants had to be honest in their dealings.

Several states were defined in the session. First of all, participants
played in teams. There were 4 teams where each team had 2-3
participants. The session took 1 day that included 6 hours of participation
time, discussion after and few breaks during the day.

Nine participants were selected for this simulation (5 men and 4
women). They are employees of procurement and strategic departments
of Trafikverket, who worked in the road construction field from 18 to 34



years, and have good knowledge of project management, procurement
processes and Travikverket’s strategic goals. Teams were organized
naturally based on who preferred to work with whom.

1.8.3. Results

2 teams (team A and team B) produced full turnkey projects where all
design, consulting, construction on maintenance responsibilities is part of
procured work and services. However, team A decided to focus more on
increasing innovation in processes and materials, team B worked on
increasing interest in the market for the project. Both teams have decrease
number of technical specifications and remove many documents from the
standard set that is used for a request for tenders to increase transparency.

The third team, team C, decided to develop a design of road using in-
house experts rather than procure it, and then combine building and
maintenance together. In their building-maintenance documentation, they
tried to have more functional specifications.

Team D procured each step individually. However, they decided not
to follow approved by the organization guidelines but instead used their
experiences as working as entrepreneurs to focus only on important
elements.

All changes were done by editing standard contracts. Most of the
changes included removing parts of contracts as seen in Figure 5, or even
removing some documents completely, and also by adding some
guidelines what needs to be expanded.

The total costs without any changes were calculated as 110 million
dollars. However, teams had a game budget of 80 million to stimulate
creative thinking. Team A had the lowest results with total costs of 71
million, team B was second with 75 million, the team D with 78 million.
Team C went over the budget with 88 million dollars, but even this was
way under the original costs.

In the discussion after the exercise, participants indicated that success
for this type of projects required more collaboration with business
partners. One participant said: “We focus on the life cycle cost to find the
lowest possible LCC. Then we thought that we want to invite suppliers
for early involvement, to write the specifications and to make the whole
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contract as good as possible. And we would like to bring suppliers early
because they have a huge knowledge.” Also, they emphasized that there
is need to be more open to the plans and information.

In the same time some of the current issues where identified. One of
the biggest issues was how to deal with over-specified tenders. One
participant mentioned: “Sometimes it is a fact that we standardize too
much, and does it really matter if the noise barriers are different in the
north than in the south of Sweden? No, it does not matter. What matters if
they are working or not.” Some other issues were identified as a lack of
information about some important aspects, for example how successfully
were completed projects; while for some other aspects are too much
information and regulations. As one participant mentioned: “One of the
issues is that we have all these business models. We are talking about
them all the time everywhere. But in reality, we just speak about the same
complexity and uncertainty, just presented in different ways. And as
result, we have three or more different solutions for exactly the same
problem.”

In general, participants had a positive experience with some advice
and suggestions on how to address this type of contracts. One participant
said: “I also think that it was good to think outside the box. We don’t dare
to think like this, because we hear every day: "you cannot do that, you
cannot do that, you cannot do that." Nevertheless, we tried to do it now
freely!”.



1.9. Improving Existing Procurement for Road Maintenance

1.9.1. Overview

Maintenance contracts are seen as a type of contracts with the lowest
amount of innovation and that raises many concerns of the Swedish
Transport Administration, Trafikverket. Maintenance contracts are highly
standardized across entire Sweden, and they contain a large number of
technical specifications and regulations on how maintenance has to be
carried out. An average number of bidders is around 2 to 5 offers per a
request for tenders.

The main objective of a participatory simulation was to determine
what elements need to be changed to make maintenance contracts more
attractive for the business. The problem here was that contracts cannot
change too much due to high requirements for the quality, but they cannot
stay the same because a number of bidders are too low.

1.9.2. Participatory simulation design

The design for such simulation needed to include the entire scope of

the project to identify where bottlenecks are in the system. Hence, the
tactical level was chosen for the design. Since maintenance contracts are
extremely standardized, it was chosen to build an entire experiment on
one of the existing maintenance contracts. A combination of expert-based
model and an analytical model was used in this simulation as seen in
Figure 6.
All participants again had only one role — Transport Administration. The
objective was to develop 3 cycles of project procurement (each cycle
takes 4-6 years in real life). Participants needed to reduce their costs by
at least 20% comparing to real prices. Scoring was done mainly based on
price, but a set of other parameters (quality, environment, innovation,
number of bidders, etc) was used as smaller friction for scoring.

The rules were that contracts have to feel real, meaning that
participants needed to produce procurement documentation that can be
published even in a real situation. Quality of roads and market situation
were inner-connected between rounds.
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Fig.6. Participatory simulation design for the case of improving
existing procurement for road maintenance

Participants had some constraints on time (each round lasted two
hours and they had to publish a request for tender in the end), on
documentation (all important documents had to be included), and on a
budget (prices could not go more than 20% comparing to real prices).

The session was split into 5 two hour long meetings, where the first
meeting was an introduction, and the last one was a discussion. Three
meeting in between were three session rounds. Eight participants were
selected (3 men and 5 women), who played in teams of two with totally 4
teams. All participants were employees of Trafikverket, who work
together in maintenance procurement department in one of the regional
offices.



1.9.3. Results

Most of the teams decided to go with minimum changes, mainly
editing some structures of the files to make them more readable. Some
suggested adding extra incentives, such as bonus system for good
performance. One team tried to invest more money during the first cycle
to improve the quality of the road network, and then spend less to just
maintain achieved high quality.

Majority of participants commented about needs for Trafikverket to be
more open with it preferences. One person said they need to “get away
from the speculative prices on certain works that leads to over or under-
production because of how the contractors calculate prices”. Other person
mentioned: “we must make the structure of the contracts easier to
understand both for Trafikverket and for contractors”.

Some other comments indicated that this issue will have certain costs,
especially in the beginning. One participant commented: “A focus on the
increase of the contractors to make innovation possible by increasing
costs”. Another comment about team strategy was: “We took away a lot
of documents and we open up and made a lot of risks on Trafikverket, but
it was needed to be done”.

An issue of standardization was discussed in this case study as well.
As one participant said: “We’ve standardized contracts for many years
and done it very well and got a really good national governance, but now,
maybe, we have to move on and open up a bit to get that difference into
the contracts based on conditions at the geography.”

Participants also were keen on using participatory simulation approach.
One of the participants commented on experience after the session: “I
think there are a lot of ideas at regional and local level. To evaluate them
in terms of the success one can ask “What's the worst that can happen?’”.

1.10. Summary of Case Studies

Two case studies were selected to demonstrate how a participatory
simulation approach can address issues with project procurement. It was
observed that participatory simulation helped with:

» achieving assigned objectives of each case,

» experiencing effects of information asymmetry



+ facing results of fast-paced procurement cycle,

* addressing issues of over-specification,

» making an analysis of feedback loops, and

»  working in an open environment without punishment for risk-
taking.

An objective for each case was achieved. Participatory simulation
created an environment in with participants could discuss safety problems
and concerns and experiment with different solutions. This approach
helped to allocate some bottlenecks and provided scenarios for how they
can be resolved in real life. Even more, the models could be easily
adapted for other objectives as well.

The participatory simulation also helped to explain reasons and
dangers of information asymmetry. Some benefits of open information
were defined, and sources of the issue were discussed.

Another benefit of this approach comes from the fast pace of
simulation. Performing entire procurement cycle from need definition to
tender award in only a few hours instead of several months, helped to
have a unique perspective on the procurement process. It helped to find
some issues and to think more outside the scope of just an individual
project.

Problems of over-specification were raised up both during simulation
sessions and after in discussions. Participants acknowledged issues that
came from too many specifications and standardization policies.

An opportunity to have more feedback then just a final price helped to
focus on some aspects of a procurement process that typically are
ignored.

In general, it was observed that open environment during participatory
simulation without punishment for risk-taking allowed more creative and
constructive solutions and discussion. Similar outcomes are hard to
achieve in the real world due to the nature of the work.



5. CONCLUSIONS

Project procurement is common in fields where systems are complex
and require good planning before any changes can implement. These
complexities often lead to a situation when the procurement process,
especially procurement that is a part of projects, can rarely match the
objectives of organizations. It is often related also to information
asymmetry in the sector, slow procuring process, over-specified tenders
and poor feedbacks. Traditional methods that are used in this field can
help with some aspects, but they cannot address all issues since they do
not evaluate project procurement holistically.

One of the effective approaches to look at the whole system is a
participatory simulation. Two cases are described in order to explore how
participatory simulation approach can help to investigate different issues
that exist in road project procurements.

The first case was focused on redesigning procurement contracts for
the entire road life cycle. Participants needed to develop procurement
contracts for a road from cradle to grave, including procurement of
consultants for design, procurement of construction works, and
procurement of maintenance. Participants had full freedom to make any
changes they wish.

The second case was about improving current contracts for road
maintenance. Participants needed to modify a standard procurement
contact with the aim of a long-term increase of innovation. Participants
had to use current work procedures, but they were free to change
documentation that was attached.

In both cases, participatory simulation helped to determine bottlenecks
of the system and produced outcomes that could be used to develop
guidelines for further changes in the real system. It also allowed
experimenting with different policies and business models to see what
solutions are more suitable for different situations.

Based on case studies, we can conclude that the effects of different
strategies and policies in project procurement can be observed and
researched using participatory simulation. Participatory simulation allows
for investigating procurement processes on different levels of planning to



search for bottlenecks and underlying issues. This approach also deals
well with common challenges in procurement, providing an environment
where participants can experiment and gain feedback within a short
period of time. Based on these findings, it is concluded that this approach
can be used to study the institutional, governance, social and contractual
setting of project procurement.

6. REFERENCES

Altamirano, M.A., 2010. Innovative contracting practices in the road
sector: cross-national lessons in dealing with opportunistic
behaviour.

Baily, P., Farmer, D., Crocker, B., Jessop, D., Jones, D., 2008.
Procurement Principles and Management. Pearson Education.

Beaudoin, D., Frayret, J.-M., LeBel, L., 2008. Hierarchical forest
management with anticipation: an application to tactical—
operational planning integration. Can. J. For. Res. 38, 2198
2211. https://doi.org/10.1139/X08-055

Bovaird, T., 2006. Developing New Forms of Partnership With the
‘Market’ in the Procurement of Public Services. Public Adm. 84,
81-102. https://doi.org/10.1111/j.0033-3298.2006.00494.x

Bratt, C., Hallstedt, S., Robert, K.-H., Broman, G., Oldmark, J., 2013.
Assessment of criteria development for public procurement from
a strategic sustainability perspective. J. Clean. Prod. 52, 309-316.
https://doi.org/10.1016/j.jclepro.2013.02.007

Callender, G., Matthews, D., 2002. The economic context of government
procurement: New challenges and new opportunities. J. Public
Procure. 2, 216-236.

Chen, E.T., 2015. The Gamification as a Resourceful Tool to Improve
Work Performance, in: Reiners, T., Wood, L.C. (Eds.),
Gamification in Education and Business. Springer International
Publishing, pp. 473-488.

Corbett, C.J., Tang, C.S., 1999. Designing Supply Contracts: Contract
Type and Information Asymmetry, in: Quantitative Models for



Supply Chain Management, International Series in Operations
Research & Management Science. Springer, Boston, MA, pp.
269-297. https://doi.org/10.1007/978-1-4615-4949-9_9

Crespo Marquez, A., Blanchar, C., 2004. The procurement of strategic
parts. Analysis of a portfolio of contracts with suppliers using a
system dynamics simulation model. Int. J. Prod. Econ. 88, 29-49.
https://doi.org/10.1016/S0925-5273(03)00177-4

Croom, S.R., Brandon-Jones, A., 2005. Key issues in e-procurement:
procurement implementation and operation in the public sector. J.
Public Procure. 5, 367-387.

de Aratjo, M.C.B., Alencar, L.H., de Miranda Mota, C.M., 2017. Project
procurement management: A structured literature review. Int. J.
Proj. Manag. 35, 353-377.
https://doi.org/10.1016/j.ijproman.2017.01.008

Duke, R.D., Geurts, J., 2004. Policy Games for Strategic Management.
Rozenberg Publishers.

Ernst, A., Bi3, K.H., Shamon, H., Schumann, D., Heinrichs, H.U., 2018.
Benefits and challenges of participatory methods in qualitative
energy scenario development. Technol. Forecast. Soc. Change
127, 245-257. https://doi.org/10.1016/j.techfore.2017.09.026

Erridge, A., Nondi, R., 1994. Public procurement, competition and
partnership. Eur. J. Purch. Supply Manag. 1, 169-179.
https://doi.org/10.1016/0969-7012(94)90006-X

European Parliament and of the Council, 2014. Directive 2014/24/EU of
the European Parliament and of the Council of 26 February 2014
on public procurement and repealing Directive 2004/18/EC.

Geurts, J.L.A., Duke, R.D., Vermeulen, P.A.M., 2007. Policy Gaming for
Strategy and Change. Long Range Plann. 40, 535-558.
https://doi.org/10.1016/j.Irp.2007.07.004

Grogan, P.T., Meijer, S.A., 2017. Gaming Methods in Engineering
Systems Research. Syst. Eng. 20, 542-552.

Gimiis, M., Ray, S., Gurnani, H., 2012. Supply-Side Story: Risks,
Guarantees, Competition, and Information Asymmetry. Manag.
Sci. 58, 1694-1714. https://doi.org/10.1287/mnsc.1110.1511

Holland, J.H., 1992. Complex Adaptive Systems. Daedalus 121, 17-30.



Holt, G.D., 1997. Classifying construction contractors. Build. Res. Inf.
25, 374-382. https://doi.org/10.1080/096132197370200

lossa, E., Waterson, M., 2017. Maintaining competition in recurrent
procurement contracts: A case study on the London bus market.
Transp. Policy. https://doi.org/10.1016/j.tranpol.2017.02.012

Keay, L., Keenan, C.A., Ricketts, J.A., Schaefer, W.S., 2003. Simulation
of business transformation outsourcing of sourcing, procurement
and payables.

Kornevs, M., Kringos, N., Meijer, S., 2016a. Perspectives of Stakeholders
on Road Procurements: In search of Procurement Aspects using
Q Methodology. Presented at the CESUN 2016 Conference, pp.
1-8.

Kornevs, M., Kringos, N., Meijer, S., 2016b. Developing a System
Dynamics Model from Perceptions. Presented at the 32nd Annual
Q Conference.

Kornevs, M., Minkevica, V., Holm, M., 2012. Cloud Computing
Evaluation Based on Financial Metrics 87-92.

Matthews, J., Love, P.E.D., Heinemann, S., Chandler, R., Rumsey, C.,
Olatunj, O., 2015. Real time progress management: Re-
engineering processes for cloud-based BIM in construction.
Autom. Constr. 58, 38—47.
https://doi.org/10.1016/j.autcon.2015.07.004

Meehan, J., Menzies, L., Michaelides, R., 2017. The long shadow of
public policy; Barriers to a value-based approach in healthcare
procurement. J. Purch. Supply Manag., Special issue of the 25th
annual IPSERA conference, Dortmund, Germany,
2016Purchasing & Supply Management: From efficiency to
effectiveness in an integrated supply chain 23, 229-241.
https://doi.org/10.1016/j.pursup.2017.05.003

Meijer, S.A., 2009. The organisation of transactions: studying supply
networks using gaming simulation. Wageningen.

Morrow, J.D., 1994. Game Theory for Political Scientists. Princeton
University Press, Princeton, N.J.

Mukhopadhyay, S.K., Yue, X., Zhu, X., 2011. A Stackelberg model of
pricing of complementary goods under information asymmetry.



Int. J. Prod. Econ., Robust Supply Chain Management 134, 424—
433. https://doi.org/10.1016/j.ijpe.2009.11.015

Nolte, M., 2015. The Impact of Sales and Operations Planning
Implementation on Supply Chain and Financial Metrics.

OECD, 2017. Size of public procurement. Gov. Glance 2017 172-173.
https://doi.org/10.1787/gov_glance-2017-59-en

Robinson, S., 2003. Simulation: The Practice of Model Developmentand
Use, 1 edition. ed. John Wiley & Sons, Chichester, West Sussex,
England ; Hoboken, NJ.

Rowlinson, S., McDermott, P., 2005. Procurement Systems: A Guide to
Best Practice in Construction. Routledge.

Spekman, R.E., 1981. A Strategic Approach to Procurement Planning. J.
Purch. Mater. Manag. 17, 2-8. https://doi.org/10.1111/j.1745-
493X.1981.tb00038.x

Svenson, K., 2014. Estimated Lifetimes of Road Pavements in Sweden
Using Time-to-Event Analysis. J. Transp. Eng. 140, 04014056.
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000712

Thai, K.V., 2001. Public procurement re-examined. J. Public Procure. 1,
9-50.

United Nations, n.d. Procurement Practitioner’s Handbook.

Uyarra, E., Edler, J., Garcia-Estevez, J., Georghiou, L., Yeow, J., 2014.
Barriers to innovation through public procurement: A supplier
perspective. Technovation 34, 631-645.
https://doi.org/10.1016/j.technovation.2014.04.003

Véhétalo, M., Kallio, T.J., 2017. Public procurement for innovations :
barriers in health and social services. Presented at the The 21st
International Research Society for Public Management (IRSPM)
Conference, Budapest, Hungary, April 19-21, 2017, IRSPM.

Van Belle, J.-F., Temmerman, M., Schenkel, Y., 2003. Three level
procurement of forest residues for power plant. Biomass

Bioenergy, Proceedings of the IEA Bioenergy Task 31 Workshop
“Principles and Practice of Forestry and Bioenergy in Densely-
Populated Regions” 24, 401-409. https://doi.org/10.1016/S0961-
9534(02)00161-7



Velde, D. van de, Pruijmboom, E., 2003. First experiences with tendering
at the tactical level (service design) in Dutch public transport.
Presented at the 8th Conference on Competition and Ownership
in Land Passenger Transport, Rio de Janeiro (Brazil).



