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Alexi Naous 

 

Abstract 
 

The effect of different contractors’ behavior on their markup selection and long-term success 
under unit price contracts needs to be evaluated. This research involves the evaluation of the risk 
behavior of a contractor on its markup selection and long-term success in unit price contracts and 

the comparison between the evolution of bid prices for under lumpsum and unit price contracts 
on the long run. This study can assist the owners in choosing which contract type  (lumpsum or 
unit price contract) to use for different market and project characteristics by showing the 
advantages and disadvantages of each contract type. It aims at simulating the dynamic bidding 

environment and reflecting the interactions that occur between different contractors competing 
on unit price projects, showing how the risk behavior of a contractor affects its bid price and 
long-term performance in the market, and highlighting the advantages and drawbacks of the 
lumpsum versus unit price contracts for different owners, contractors, projects, and market 

characteristics. 
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Chapter One: Introduction 
 

Competitive bidding is regarded by owners as one of the best methods to choose a contractor to  

construct their project and find a price that best suits their budget (Harris and McCAffer, 2013 ). 

In practice, the low bid tender is the most common form of competitive bidding worldwide 

(Hanák et al., 2021). In this method, the owner awards the contract to the contractor that has the 

lowest bid price in the bidding stage (Gordon, 1994). The low bid tender has some advantages 

and drawbacks. For instance, it motivates the contractors to submit a low bid price to increase 

their chances of getting awarded the project and it provides the best means of transparency 

among all forms of competitive bidding. For this reason, public clients tend to use this specific 

bidding method (Biruk et al., 2019). However, problems of low quality might arise leading to 

disputes and delays (Ioannou and Leu, 1993). Under the low bid method, lumpsum and unit price 

contracts are the most common contract types. In a lumpsum contract, the ow ner pays a f ixed 

pre-agreed sum of money to the contractor regardless of the uncertainties that might alter the 

initial estimated cost (Zhang et al. 2010). In this contract type, the contractor carries all the risks 

(Abed et al. 2019). In a unit price contract, the owner and the contractor agree on unit prices f or 

all material, labor, and equipment. At the end of the project, the owner pays for the actual 

quantities used in the construction and not for the initially estimated ones (Hyari et al., 2017). In 

this contract type, the risk is shared between the owner and the contractor. On one hand, if  the 

actual quantities turn out to be higher than expected, the owner will pay  more than initially 

anticipated and might exceed his allocated budget. On the other hand, if the actual quantities are 

lower than expected, the contractor would earn less money (Hyari et al. 2017). Even though the 

unit price contract provides good means for risk-sharing among owners and contractors, its 
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administrative costs are notably higher than lumpsum contracts since the construction parties 

need to keep track of the amount of material used. (Luo and Takahashi, 2019).  

The owner is the main party that chooses which contract type to use in a project. Many studies 

explored and compared the lumpsum and unit price contract types in order to assist the owners in 

choosing the contract type that best suits their preferences (Mandell and Nilsson, 2010; Antoniou 

et al., 2013; Abed et al. 2019; Luo and Takahashi, 2019). Findings of the aforementioned studies 

indicate that a lumpsum contract should be used when the number of bidders is large since it will 

generally generate lower bid prices (Mandell and Nilsson, 2010) and when the owner is avoiding 

contractual difficulties since simple calculations and fewer measurements are required (Antoniou 

et al., 2013). But, when the owner is greatly concerned with the quality of the outcome, Antoniou 

et al. (2013) recommended the use of unit price contracts since they are shown to yield higher 

outcome quality. Also, owners usually opt for lumpsum contracts when they want to  avoid the 

risk of price variation (final project cost is hard to predict) and when the political situation in the 

region is not stable (this situation might indirectly affect the prices of material and equipment) 

(Abed et al. 2019). Moreover, contractors prefer the use of a unit price contract when more 

uncertainties are present (Luo and Takahashi, 2019). 

Within the construction bidding environment, all construction parties are subject to high risks. 

Many researchers tried to quantify the cost of risk (Caixia, 2008; Xiao and Guohua, 2009 ; Fei 

and Chen, 2010; Yanru et al., 2012; Dai and Yang, 2013) and other scholars tried to find the 

probability of the occurrence of a cost overrun in a unit price contract (Dai and Yang, 2013; 

Plebankiewicz and Wieczorek, 2020). Another set of studies in the literature investigated 

different ways to mitigate the risks (Laryea and Hughes, 2011; Hyari et al., 2017) in a unit price 

contract. Additionally, numerous researchers were interested in developing models for unit price 
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bid estimation (Burnett and Finch, 1994; Burnett and Wampler, 1998; Ewerhart and Fieseler, 

2003; Liu and Ling, 2005; Raheem, 2015; Fachrurrazi et al., 2016; Biruk et al., 2019; Cao et al. ,  

2018; Baek and Ashuri, 2019;). All the aforementioned studies aim to find a competitive bid 

price that can be used under a unit price contract while incorporating different variables in  their 

distinct models. For instance, Liu and Ling (2005) considered the level of uncertainties present in 

the project, while Jaśkowski et al. (2019) accounted for the level of competition present in  the 

market in their bid price estimation model. Moreover, Xia et al. (2011) used the theory of 

transmission mechanism to find the source of some problems that current contractors face in unit 

price contracts. These problems might generate cost overrun and increase the risks to the 

contractors. In addition, Mandell and Nilsson (2010) and Luo and Takahashi (2019) compared 

the unit price and the lumpsum contracts. Mandell and Nilsson (2010) looked at 1400 road 

infrastructure projects, while Luo and Takahashi (2019), took data from projects that were 

constructed between 2004 and 2014 from Florida Department of Transportation to identify the 

patterns and changes that occur under lumpsum and unit price contracts. Furthermore, Mandell 

and Nilsson (2010) added to the literature by finding which contract type is best suited for 

different bidding conditions. They stated that unit price contracts provide little room for 

innovation as opposed to lumpsum contracts. In a lumpsum contract, the contractors have the 

choice to try new techniques to perform the work. 

The literature is rich with papers that target the consequences, causes, and solutions of risks in  

unit price contracts but no previous paper evaluated the effect of the risk aversion behavior of the 

contractor on his markup decision and long-term success under a unit price contract. Several 

bidding models are present in the literature that discuss competitive bidding and the risk behavior 

of contractors under lumpsum contracts (Kim and Reinschmidt, 2011; Awwad et al. 2015; 
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Asgari et al., 2016). These papers used simulation models to test different bidding scenarios and 

highlighted the effect of the risk behavior adapted by the contractor on his markup decision and 

long-term survival in the market under a lumpsum contract. This paper has two primary 

objectives. The first one is to study the effect of the contrac tors’ risk attitude on the bid price 

under unit price contracts. The second one is to compare the variation of the bid price under unit 

price contracts and lumpsum contracts given different contractors and projects characteristics 

over a long-time span and give recommendations on the use of each contract type for the owners 

and contractors.  

Research question: 

1. How does the risk aversion level of the contractor affect its bid price, markup decision, and 

long-term success in the market when competing on projects of varying characteristics under 

unit price contracts?  

2. Which market, contractor, and project conditions best favor the use of a unit price contract 

over a lumpsum contract? 

Research significance: 

1. It will help contractors better form their risk policy in order to achieve their desired 

outcomes.  

2. It will give recommendations to the contractors and owners on which contract type is better 

for different market conditions, projects characteristics, and contractors behaviors. 

Report contribution: 

This section states the work and contributions of this report. The previous section “Research 

significance” expresses the significance of the final research (after modeling multiple scenarios).   
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1. Completion of the introduction and the literature review. 

2. General description of how the model should look like. 

3. Description of some scenarios that should be modeled once the model is built. 

Future work: 

1. Build the model using AnyLogic (“Developing a Virtual Laboratory for Construction 

Bidding” by: Rita Awwad; Sadegh Asgari; and Amr Kandil can be used as a reference 

when developing the model on this study). 

2. Environment Using Agent-Based Modeling 

3. Verify and validate the model. 

4. Run the different scenarios described in “Chapter four: Methodology” section. 

5. Analyze the outcomes and come up with conclusions. 
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Chapter Two: Literature Review 
 

In the literature, different aspects of the unit price contract were addressed. The first notable one 

is related to risks. This topic is divided into many subsections: the risks of quantity variation and 

cost overrun in a unit price contract. The second topic is related to bid price estimation. This 

section comprises different methods and techniques that can guide contractors in estimating a 

competitive bid price. The third section discusses the sources of problems that contractors f ace 

under unit price contracts. The causes of the major problems which include awareness, 

management, negotiation, and other problems that contractors face in the bidding and 

construction phases are discussed. Lastly, the fourth section is associated with the comparison of 

lumpsum and unit price contracts. A general comparison between the advantages and drawbacks 

of each contract type and analysis on which type to use in different market scenarios, project 

types, and owners’ preferences. These studies did not target some key characteristics that can 

affect the results of the comparison such as the risk behavior of the contractor.  

Risks in unit price contract: 

The construction industry has a wide market in which it operates. It comprises 10% of the US 

national gross product. The construction market is renowned for its highly competitive nature 

and its high rate of bankruptcy. This is due to the fact that all construction parties need to deal 

with a lot of uncertainties (Nunnally, 2007). This high level of risk and uncertainty that the 

construction parties face leads to the occurrence of quantity variations (Hoogenboom et al. 2006) 

and cost overrun (Makovšek, 2014). 
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Risks of quantity variation: 

Quantity variation in unit price contracts is a common thing that occurs in practice. Many 

scholars discussed the consequences of quantity variation on the owners and the contractors 

(Hoogenboom et al. 2006; Gransberg and Riemer 2009; Bajari et al. 2014; Hyari et al. 2016; Luo 

and Takahashi 2016). Hoogenboom et al. (2006) indicated that an actual quantity  less than an 

estimated quantity exposes the contractor to the risk of not recovering all indirect costs allocated 

to the project. In addition, Gransberg and Riemer (2009) and Hyari et al. (2016) showed that 

inaccurate quantity estimation leads the contractors to unbalance their bid prices.  Moreover, 

Bajari et al. (2014) and Luo and Takahashi (2016) claimed that changes in quantities during 

construction can result in significant differences between the initial estimated cost and final 

actual costs and this affects the owners and the contractors (the owner is affected since the cost 

might end up being greater than the original specified budget and the contractor might end up 

earning much less than initially anticipated).  

Some studies tried to find solutions that can be used by contractors to minimize the se risks 

(Laryea and Hughes, 2011). For example, Laryea and Hughes suggested subcontracting part of 

the work, strengthening the management and cost estimation skills, and tailoring the unit price 

contract in a way to minimize the risks. Long (2016) showed that major delays and many 

disputes can arise from quantity variation. Some clauses are present that call for price 

renegotiation in the case where the actual quantities turn out to be 25% different than  the 

estimated ones (Hyari et al., 2017). This clause does not eliminate the total risks of quantity 

variation. For this reason, Hyari et al., (2017) defined a model that can be used to adjust the  bid 

price after the start of the work in accordance with the changes in quantities. It is noteworthy to 

state that the model defined by Hyari et al. (2017) cannot always be used since both parties 
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should agree on its terms before the start of the construction. The study conducted by Hyari et al.  

(2017) shows the risk that arises from quantity variation, but it does not show the effects of these 

risks on the initial estimated bid price done at the bidding stage.  

Cost overrun: 

Cost overrun is observed 50 to 100 percent of the time in large infrastructure projects (Priemus et 

al., 2008). Love et al. (2013) investigated 276 projects where the results indicated that the mean 

increase in price between the initial submitted bid and the final cost is 12.22% and the cost 

increase in road infrastructure projects is approximately between 7 and 19% (Makovšek, 2014).  

Then, Plebankiewicz and Wieczorek, (2020) stated that the cost overrun is prevalent in unit price 

contracts. Dai and Yan (2013) used the fuzzy theory to do a complete risk analysis. Their 

findings showed that poor contractors’ management skills, variation of resources prices and 

quantities, and changes in policies could potentially lead to cost overruns. To add to the previous 

study, Makovšek (2014) also tried to analyze the main causes of cost increase. Makovšek (2014) 

argues that the project size does not directly affect the cost performance of the project. 

Moreover, Makovšek (2014) believes that technical problems do contribute to the creation of  a 

cost overrun but cannot be considered as a main reason behind the cost increase since the 

technology is evolving significantly over time, but the occurrence of cost overrun is still very 

common for projects under unit price contracts. Later on, Plebankiewicz and Wieczorek (2020) 

presented a model that can help the construction parties estimate the occurrence of a cost 

overrun. In addition to these studies, many other scholars focused on studying the risks and the 

effects of cost overrun (Hoogenboom et al., 2006; Hyari et al. 2016; Luo and Takahashi 2016 ). 

The scope of these research papers targets the causes, effects, and solutions of cost overrun but it 
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does not show how different contractors behave toward these risks and how it affects their initial 

estimated bid price.  

 

Bid price estimation and markup selection: 

Wrong cost estimates can lead to huge losses; for instance, the contractor can win the project but 

be subject to the “winning curse” phenomenon (Brown, 1974). Kagel and Levine (1986) stated 

that when the level of competition in the market increases, the “winning curse” phenomenon is 

more likely to happen. In the bidding stage, contractors are forced to make decisions under many 

uncertainties that directly affect their bid price (Fachrurrazi, 2016). For this reason, developing 

accurate bid price estimation tools are of interest to researchers and contractors. This topic might 

not be related directly to the scope of the research paper, but it is important since it shows how 

previous scholars incorporated the effect of the risk attitude in their bid price estimation models. 

Burnett and Finch (1994) were the first researchers that came up with a model that helps the 

contractor calculate their initial unit price bid. The main limitation of the paper written by 

Burnett and Finch was that the model defined was a simplistic model that did not account for the 

risk behavior, market competition, and project complexity in the bid price estimation. To follow 

up, Burnett and Wampler (1998) developed a computer program which goal is to calculate an 

optimum unit price bid that can be used by the contractors while bidding on a project in a 

competitive environment. The model included some variables that can account f or the level of  

risks present in the project. The program was modeled in a way to increase the markup when the 

project risk increases. Other studies emerged and used the Monte Carlo simulation to estimate 

unit price bids (Back et al., 2000). Ewerhart and Fieseler (2003), were one of the first researchers 

that incorporated uncertainties in their unit price estimation model. The limitation of their study 



14 
 

was that the model can only estimate the unit prices for material and labor. Thus, their model 

cannot be used to estimate a total unit price bid while considering uncertainties. In addition, 

Ewerhart and Fieseler (2003) discussed how the technology and the management skills of a 

contractor affect its markup. In particular, they concluded that when the technology and 

management skills of a contractor worsen, the markup increases. Later, Liu and Ling (2005), did 

a study complementing Ewerhart and Fieseler’s research  (2003). Using the Fuzzy neural 

networks Liu and Ling created a model that can estimate an adequate markup for the project 

while accounting for the high level of uncertainties of all elements (material, equipment, and 

labor) in the construction phase. Furthermore, no previous studies considered the location of a 

project when finding the unit price bid of a project. Shrestha and Jeong (2019) argue that the 

location affects the productivity of the work and thus should be accounted for in the bid 

estimation. In all these previous studies, the risk behavior of the contractor was not incorporated 

in the bid price estimation. The literature lacks papers that target this issue.  

 

Sources of problems that contractors face in a unit price contract: 

The high level of uncertainties and risks generate problems for all parties involved in the 

construction. These problems might especially affect the behavior of risk-averse contractors. Lei 

and Xu (2010) tried to find the sources of such problems in unit price contracts. They concluded 

that communication problems, weak legal awareness, weak risk awareness, and poor contract 

claim knowledge were some reasons behind the problems seen in construction. Moreover, Xia et 

al, (2011) targeted the same issue and used the theory of transmission mechanism. The most 

notable sources were found to be awareness, management, and negotiation problems. These 

papers failed to correlate between the risk behavior of a contractor and the problems faced in the 
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construction process. For instance, does a risk averse contractor faces the same amount of 

problems than non-risk averse contractors? Does a risk averse contractor react in a similar way to 

the problems faced as a non-risk averse contractor? 

Comparison between lumpsum and unit price contracts: 

Lumpsum and unit price contracts are the most common contract types under the low bid 

tendering approach. The owner is the main party that decides which contract type to adopt in  a 

project. The choice of the adequate contract type is of significance to the owner since it can 

affect the final project price (Luo and Takahashi, 2019). For example, when the number of 

bidders is large, unit price contracts would generally yield lower project costs than lumpsum 

contracts (Mandell and Nilsson, 2010). Also, some contractors’ behaviors are directly af fected 

by the contract type used. For instance, a higher markup is allocated for projects following a 

lumpsum contract in order to account for the lack of risk sharing between the owner and the 

contractor (Gal et.al., 2007; Estache and Iimi, 2009). For these reasons, a comparison between 

these two contract types is relevant to all construction parties.  

While most previous studies focused on the lumpsum or the unit price contract alone, some 

scholars were interested in comparing these two contract types. For example, Gal et.al.  (2007) 

and Estache and Iimi (2009) showed in their study that when the complexity and uncertainty of a 

project increase, risk averse contractors prefer that a unit price contract be used since the r isk is 

shared between him and the owner (unlike in the case of a lumpsum contract). Furthermore, the 

main goal of the study performed by Mandell and Nilsson (2010) was to compare the lumpsum 

and unit price contracts. Their research concluded that the same risk-averse contractor will have 

a smaller markup in a unit price setting compared to a lumpsum contract setting for the same 

levels of uncertainties. Moreover, they also concluded that under both contract types, risk averse 
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contractors will have a higher markup than non-risk averse contractors in order to account for the 

risks. The limitation of Mandell and Nilsson’s is that they did not look at interactive bidding 

scenarios when doing their analysis. Besides, the data gathered from 1,400 road construction 

projects in Sweden over a 9-year span were not well distributed, since the majority of the 

projects followed a unit price contract setting. Similarly, Luo and Takahashi (2019) conducted 

research targeting both lumpsum and unit price contracts and compared them. First, it was found 

that in the bidding phase, unit price contracts are more closely spaced than lumpsum contracts. In 

particular, it was deduced that by switching from a unit price contract to a lumpsum contract a 

significant increase in the bid price of the contractors will occur. Furthermore, unit price 

contracts are 3.5 times more prone to a price increase than lumpsum contracts. Moreover, 

lumpsum contracts are less susceptible to a cost increase in the construction phase. Lastly , Luo 

and Takahashi (2019) established that a unit price contract is a better fit for projects having 

larger uncertainties. The main limitation in the study conducted by Luo and Takahashi (2019) 

was that for all the data collected, one entity (Florida Department of Transportation) was 

responsible for the quantity estimation for all the projects. This will cloud the effect of the 

quantity estimation skills and other owners’ characteristics on the bid prices and behaviors of 

different contractors. Furthermore, since the data collected were empirical, the behaviors 

observed, and the conclusion determined can be affected by other conditions such as bid 

unbalancing. Finding whether or not the contractor has unbalanced its bids or to which extent the 

bid was unbalanced is not feasible, for this reason, the conclusions found regarding the variations 

between the two contract types may not be very precise. The existing studies give a good means 

of comparison between lumpsum and unit price contracts, but they failed to explain how the bid 

price varies under the two contract types for different owners’ characteristics, projects, and 
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contractors’ behaviors over a long-time span. Also, the analysis done in previous studies did not 

include the effects of the interaction and competition of the contractors over several bidding 

cycles in the comparison. In addition, Mandell, Nilsson, Luo, and Takahashi only considered 

road infrastructure projects while comparing the two contract types. 

 

Objective and contribution: 

In the literature, there is a huge body of research that discusses many aspects and variables of the 

lumpsum and unit price contracts. Moreover, the behavior of contractors and the effect of  the 

risk aversion level in lumpsum contracts is also well elaborated. Different methods to analyze the 

behavior of contractors in a lumpsum bidding environment were previously used. The most 

notable ones are deduction, induction, and simulation (Axelrod, 2006). Sounderpandian (2007) 

believes that simulation is one of the best tools to analyze competitions in a market between 

heterogeneous firms having different characteristics. Furthermore, Kim and Reinschmidt (2011) 

modeled different bidding scenarios using an evolutionary simulation method with the help of 

Monte Carlo simulation to replicate the effect of risk behavior of a contractor on its overall 

success. The results of the study showed that for two contractors having the same characteristics 

apart from the risk aversion level, the more risk-averse contractor will have a higher bid price 

than the less risk-averse one. In addition, risk-takers would bid more often on projects hence will 

have a larger market share, but their profit margin would be less than risk -averse contractors. 

Moreover, Awwad et al. (2015) simulated using the agent-based model different scenarios 

including projects of varying degrees of competition and levels of uncertainties and changing 

contractors’ risk attitudes and skills sets following a lumpsum contract type. The results showed 

that for projects of high complexity, the level of risk aversion becomes highly significant in 
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determining the markup of each contractor. For instance, the most risk -averse contractor will 

have the biggest markup when bidding on a project with high risks in a low competitive 

environment or while competing for a low-risk project in a highly competitive market. Whereas 

the most risk-averse contractor will have the lowest markup when both the competition level and 

the uncertainties present are low. Furthermore, Awwad et al. (2015) focused on the importance 

of management skills and cost estimation. The simulation displayed that a contractor with good 

management skills and cost estimations will survive longer in the market. In addition, Asgari et 

al. (2016) used a similar modeling tool to Awwad et al. (2015) The agent-based model was used 

to explore the importance of risk behavior of the contractors on their m arkup decision and on 

their business success in the long run. They also found the optimum risk behavior level that a 

contractor should follow to achieve optimal outcomes. The results of their study favored the 

moderate risk-averse contractor since the simulation displayed that they would generate the best 

long-term performance and the largest working capital. The scope of this group of studies does 

not target the unit price contract. The effect of the risk aversion level of a contractor on its 

markup decision and long-term survival in the market for unit price contracts is still missing 

from the literature. The objectives of this paper are thus to study how the risk aversion level of a 

contractor affects its decisions under projects of various characteristics and different market traits 

under unit price contracts. In addition, this research also aims to compare the changes in bid 

prices for different conditions in lumpsum and unit price contracts in the long run. To come up 

with conclusions, contractors with varying characteristics competing on different projects in 

varying market competition levels will be simulated using agent-based modeling.  
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Chapter Three: Aim, Objectives, and Scope 
 

Research aim: 

This research has two primary aims: 

The first one is to simulate a competitive bidding environment and study the bidding behavior of 

competing contractors in the long run under the unit price delivery approach. The second one is 

to provide contractors and owners recommendations on which contract type to use for  different 

contractors’ behaviors, and varying market and projects characteristics. 

Research objectives: 

In order to achieve the objectives of this study, the following steps will be implemented in this 

research:  

1. Identify the key players and their characteristics that should be present in the simulation 

in order to have a realistic model 

2. Model a unit price bidding environment 

3. Simulate different bidding scenarios that consider different project characteristics, and 

varying risk behaviors of contractors 

4. Run the model over several bidding cycles 

5. Analyze the simulation results and provide recommendations to contractors/owners on 

the advantages/disadvantages of a unit price contract versus a lumpsum contract 

Scope of work: 

The proposed research will only target one project type following the low-bid tendering 

approach while only focusing on the comparison of the unit price and lumpsum contract types.  
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Chapter Four: Methodology 
 

In this research, the methodology involves several steps: 

Note: At this stage, no modeling was conducted on AnyLogic. This section only describes what 

is expected to be done in the future in order to complete the research.    

1. Model framework: 

Detailed explanation:  

As specified in the “Research aim” section, the first aim is to study the different bidding 

behaviors of a set of contractors while competing on several projects under a unit price contract. 

The second aim is to compare between the different aspects of the lumpsum and unit price 

contract in order to come up with recommendations to owners and contractors regarding each 

contract method. In order to be able to achieve the research’s goals, a model should be created 

that can represent a unit price bidding environment. This section will introduce all the 

components and agents that should be defined in the model with their behaviors and 

characteristics: 

• Project agent: projects should be created continuously (each project created can have 

different characteristics). Once created, it should be assigned to a specific owner.  

The different parameters that each generated project should have: 

o Project type: in this study we are only targeting 1 type (Building projects) 

o Estimated duration 

o Actual duration (should be a function of the estimated duration) 

o Project complexity (varying from low, medium, and high) 
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o Completeness of the project’s drawings and specifications (ranging from poorly to 

well defined drawings) 

The different variables that each project created should have: 

o Winning contractor (indicates which contractor got awarded the project) 

o Winning bid price (indicated the lowest submitted bid)  

o Winning markup (shows the markup of the winning contractor) 

o Estimated project cost 

o Total project actual cost 

o Project size (defined by the actual quantities of material, equipment, and labor 

used) 

o Percent of completion (shows how much of the project has been completed) 

o Coefficient of variation for price: this variable affects the actual costs 

determinations of material, labor, and equipment. Its value ranges from 0.01 to 

0.2. The Coefficient of variation for price is affected by the complexity of the 

project, the planning and management skills of the contractor, and the quantity 

estimation skills of the owner (when complexity increases, planning and 

management skills decrease, and quantity estimation skills decrease, the 

Coefficient of variation for price increases). 

• Contractor agent: a set of 10 contractors (with different risk aversion levels) should be 

defined in the model in order to be able to account for all the different characteristics that 

we want to study. 

The different parameters that each contractor created should have: 

o Size (can be small or large) 
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o Bonding capacity (initially all contractors have the same bonding capacity) 

o Initial net worth (initially all contractors have the same net worth) 

o Risk aversion level (can be low, medium, or high) 

o Work in progress limit (it shows the maximum amount of work that the contractor 

can work on) 

The different variables that each contractor created should have: 

o Current working volume (this variable in addition to the work in progress limit 

can give indications whether the contractor can bid on an additional project or 

not) 

o Working capital 

o Bonding limit and available bound 

o Current net worth (for the first project awarded, the current net worth is equal to  

the initial net worth for all contractors) 

o Bid price 

o Risk averse coefficient (gives an indication of the risk aversion level of the 

contractor) 

o Optimal markup (markup chosen by the contractor to maximum its profit utility) 

o Cost estimation skills (it can be poor, medium, or good) 

o Planning and management skills (it can be poor, medium, or good) 

o Previous experience: can be poor (if the contractor has not worked on a similar 

project before), medium (if the contractor has worked on 1 or 2 similar projects 

before), or good (if the contractor has worked on 3 or more similar projects 

before) 
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• Owner agent: a set of 5 owners (which different quantity estimation skills) should be 

defined in the model in order to be able to account for all the different characteristics that 

we want to study. 

The different parameters that each owner created should have: 

o Size (can be small or large) 

o Quantity estimation skills (can be poor, medium, or good) → the quantity 

estimation skills alongside the completeness of the project’s drawings and 

specifications affect the accuracy in the project quantities estimations. 

The different variables that each owner created should have: 

o Estimated quantities for material 

o Quantity estimation skills coefficient (gives an indication of the quantity 

estimation skills level of the owner) 

 

2. Use AnyLogic software to implement the ideas previously discussed 

Different agents, variables, parameters, events, and collections should be created. 

“Main” interface: 

 Under this interface: 

a) A set of agents are created which are the contractors (10 different contractors with 

varying risk behaviors and characteristics) and the owners (5 different owners with 

varying quantity estimation skills levels). 
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b)  A set of collections are created which are the collection of all contractors 

“allContractors” and the collection of all the owners “allOwners”. 

c) A project generation event is created (this event leads to the continuous generation of 

new projects). 

d) A set of variables are created which are the market markup (this variable is equal to  the 

winning markup for each project), and the project counter (this variable keeps track on 

the number of projects generated). 

 

“Contractor” interface: 

When creating the different contractors, the “initialBondingCapacity”, “initialNetworth”, and 

“workInProgressLimit” parameters will have the same values for all 10 contractors created. After 

that, the “size” parameter is going to be defined (as specified is the previous part, the size can 

either be small (denoted as 1) or large (denoted as 2)). This parameter is going to be changed 

while running different scenarios later. Next, the “riskAverse” parameter is going to be def ined. 

Contractor 1 is the least risk averse (riskAverse = 0.005) while Contractor 10 is the most risk 

averse (riskAverse= 0.05). To find the value of the riskAverse of each contractor, we follow this 

equation: 𝑟𝑖𝑠𝑘𝐴𝑣𝑒𝑟𝑠𝑒  𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡𝑜𝑟 (𝑛) = 0.005 × 𝑛 . The parameters defined for each 

contractor represent its characteristics, they are specific for each contractor unlike the variable 

which are dependent on the project traits and vary with changing projects.  

In order to be able to model the actions that are taking place in a bidding environment, some 

functions need to be defined for each contractor agent. Find below the functions defined : 
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• “shallBid”: it is used in order to determine if the contractor should bid on a project. To 

do so, three criteria must be checked: 

1. Size of the contractor (parameter): if size is small (size=1), the contractor should 

consider only biding if the project complexity is low or medium. But if the size is 

large (size=2), the contractor should only consider bidding if the complexity is 

medium or high.  

2. Work in progress limit (parameter): a contractor should consider biding if the work in 

progress limit is greater than the current work volume (contractors’ variable) 

3. Available bond (variable): a contractor should consider bidding if its available bond is 

greater than the market budget (project parameter) 

➔ If all three conditions are checked, the contractor should BID if one or more of the 

conditions is not met, the contractor shall NotBID. 

• “markup” and “markupUtility” 

• “CostEstimationMaterial”, “CostEstimationEquipment”, and 

“CostEstimationLabor”:  

These functions are very important, since they can help in the determination of the contractors’ 

bid prices. After doing a thorough examination of the literature, I could not find a model that 

perfectly fits for our research. For instance, the models defined by Burnett and Finch (1994), 

Burnett and Wampler (1998), Ewerhart and Fieseler (2003), Biruk et al. (2019), and Jaśkowski et 

al. (2019) either did not capture the points that we want to target (risk aversion level, market 

competition level, etc.) or required a  lot of input data that cannot be determined for each 

contractor and project (operating cash f low, working capital, net capital spending, number of 

hours required for the completion of a certain activity, etc.). In order to be able to model this 
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function, I suggest finding three individual total prices (as lumpsum prices) which are the 

material, equipment, and labor costs. Each of these costs will be dependent on the contractor’s  

previous experience, completeness of drawing and specifications parameter listed in the project 

agent, and on the cost estimation skills of the contractor. After finding all three costs, their sum 

would be equal to the total project estimated direct cost (“estimatedDirectCost”). 

After finding the “estimatedDirectCost”, the indirect cost of the activities 

(“estimatedIndirectActivityCost”) should be found. The “estimatedIndirectActivityCost” is 

dependent on the project size (a lumpsum amount is allocated to each project depending on its 

size. i.e: when the project size increases the indirect cost of activities also increase). 

 

“Project” interface: 

When different projects are generated, as specified in the previous section, many parameters, 

variables, and functions should be defined. Each project generated can have different values of  

complexity (low: denoted as 1, medium: denoted as 2, or high: denoted as 3). Moreover, each 

project will have a specific level of completeness of the drawing and specification (vague 

drawings denotes as 0 or well-defined drawings denotes as 1). It is important to note that in  this 

study, all the projects created only have one project type. In addition to the variables and 

parameters stated earlier, this is a list of the different functions that are going to be present in 

each project: 

• “actualTotalCostDetermination”: 

To determine the actual cost of the project, we need to create a normal distribution ranging f rom 

a value equal to the multiplication of the price coefficient of variation 
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“PriceCoefficientofVariation” and the “estimatedCost” (lower boundary of the normal 

distribution) to the “estimatedCost” of the winning contractor (upper boundary of the normal 

distribution). The “PriceCoefficientofVariation” depends on the “complexity” of the project,  the 

“planningManagementSkills” of the contractor, and the “quantityEstimationSkills” of the owner. 

When the complexity increases, the planning management skills decrease, and the quantity 

estimation skills decrease, the “PriceCoefficientofVariation” increase.  

 

“Owner” interface: 

Five owners are going to be created having different parameters: size (can be small (denoted as 

1) or large (denoted as 2)) and quantity estimation skills (can be poor (denoted as 1), medium 

(denoted as 2), or good (denoted as 3)). In addition, each owner will possess five variables that 

can change over varying projects. Also, to model the actions taken by the owners the f ollowing 

set of functions was defined: 

• “MaterialEstimatedQuantityDetermination”, 

“EquipmentEstimatedQuantityDetermination”, and 

“LaborEstimatedQuantityDetermination”: these functions help the owner in 

estimating the required quantities of material, equipment and labor needed for the project 

and they affect the estimated costs done by the bidding contractors. 

This function depends on the quantity estimation skills of the owner, the completeness of the 

drawings, and the level of complexity and size of the project. 
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3. Run the model for difference scenarios: 

In this step, we should include all the different scenarios that we would like to simulate. Example 

of some interesting scenarios: 

• Highly competitive environment (all 10 contractors are interested in one specific project): 

o Contractors bidding on a project having a low level of complexity, with well-

defined drawings, and good quantity estimation skills 

o Contractors bidding on a project having a low level of complexity, with well-

defined drawings, and medium quantity estimation skills 

o Contractors bidding on a project having a low level of complexity, with well-

defined drawings, and poor quantity estimation skills 

o Contractors bidding on a project having a low level of complexity, with vague 

drawings, and good quantity estimation skills 

o Contractors bidding on a project having a low level of complexity, with vague 

drawings, and medium quantity estimation skills 

o Contractors bidding on a project having a low level of complexity, with vague 

drawings, and poor quantity estimation skills 

➔ Do the same scenarios for projects of medium and high complexity. 

• Moderately competitive market (6 out of the 10 contractors are interested in one specific 

project) 

o Repeat all the scenarios of the “highly competitive environment” but only 

contractors 1, 3, 5, 7, 9, and 10 are bidding on the project. 

• Low competitive market (3 out of the 10 contractors are interested in one specific project) 
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o Repeat all the scenarios of the “highly competitive environment” but only 

contractors 1, 5, and 10 are bidding on the project. 

 

4. Visualize the outcomes of the model for all scenarios using AnyLogic: 

a) Plot the Project ID vs the Winning markup (market markup) 

b) Plot the Project ID vs Optimal markup of all contractors 

c) Plot the Project ID vs Winning bid price 

d) Plot the project ID vs the bid price of all the interested contractors 

 

5. Compare the outcomes with the results of the lumpsum contract simulation 

In order to come up with conclusion about which contract type is better for different scenarios, 

the outcomes of this study should be compared with the results of Awwad et al.  ( 2015). Close 

bidding scenarios were run in both models, for this reason a comparison between the two is 

feasible and would generate the conclusions needed. 

6. Verification and Validation: 

In order to check the precision and accuracy of the model created, it should be verified and 

validated. On one hand, model verification is a process that determines whether the 

programming implementation is correct. For this research, the pattern testing method is going to 

be used; it is done by varying some input parameters and checking if the output conforms with 

the logic of the model. On the other hand, validation is done in order to check if  the model is a 

reasonable and accurate representation of the real world. Two steps should be followed in the 

model validation, the micro and macro validation. The micro validation is used to check the 
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behavior of the individual agent (contractors and owners) while the macro validation is used to 

check the behavior of the overall population. Some methods used for the validation of agent -

based model are the model-to-model comparison, the statistical tests, and the face validation. The 

face validation consists of identifying and measuring the reliability of the model by showing it to  

an expert in the field or by comparing it to previously developed and accepted models . For this 

study, the face validation is going to be used. In order to do so, the outcomes of this simulation 

will be compared with previous findings from other papers (Estache and Iimi, 2009; Mandell and 

Nilsson, 2010; Luo and Takahashi, 2019). Estache and Iimi (2009), Mandell and Nilsson (2010), 

and Luo and Takahashi (2019) found these primitive results that can be used for the validation 

process of this model: 

• For the same project, a higher bid price will be observed for lumpsum contracts 

compared to unit price contracts. 

• In lumpsum, the cost of the bid price increases more severely when risk increases 

compared to the unit price contract. 

• Projects under unit price contracts are more susceptible to cost increase in the 

construction phase than unit price projects. 

o Luo and Takahashi (2019) showed that unit price projects are 3.5 times more 

susceptible to price overrun than lumpsum contracts. 

• Normally, in a unit price contract, the bid prices are more closely spaced than in a 

lumpsum contract. 

• When the complexity and uncertainty of a project increase, risk averse contractors prefer 

the use of a unit price contract since the risk is shared between the construction parties . 
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• If the number of bidders is large, unit price contract would generally yield lower project 

costs than lumpsum contract. 

 

Figure 1 shows a small visualization of how the model is expected to work. 
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Chapter Five: Expected Results 

Research expectations: 

In a competitive bidding environment, contractors will interact with one another frequently when 

bidding on a similar project. This proposed research is expected to illustrate the dynamic 

interactions that occur between different contractors competing on unit price projects . In 

addition, this paper is expected to show how the risk behavior of a contractor affects its bid price  

and long-term performance in the market under a unit price contract. Moreover, this study will 

give a comprehensive comparison between the effects of risk behavior and other parameters such 

as the level of uncertainties in the project and the level of competition in the market on the bid 

price in lumpsum and unit price contract and it will highlight the advantages and drawbacks of 

these two contract types for different owners, contractors, projects, and market characteristics. 

Expected findings: 

After building the model and running it for different scenarios, I expect that the markup will 

increase with the increase of uncertainties and risks, and I expect that risk-averse contractors will 

have the largest markup for high-risk projects. When it comes to the comparison between 

lumpsum and unit price contracts, I believe that regardless of the contract used, a risk-averse 

contractor will have a higher markup than a non-risk averse when the uncertainties are high. 

Moreover, I predict that the same contractor will have a smaller markup in a unit price contract 

for the same levels of uncertainties compared to a lumpsum contract. Furthermore, I anticipate 

that regardless of the level of uncertainties, for the same project, the bid price in a lumpsum 

contract will be higher than the bid price under a unit price contract.  

  



33 
 

Chapter Six: Discussion 

Many internal and external conditions can affect the decisions that a contractor needs to make . 

For instance, changes in the project complexity, competition level, and risk behavior of the 

contractors can affect the markup selection. The markup selected will manifest in  the bid price  

submitted for the project and this can impact the contractors’ long-term survival in the market. 

As discussed in chapter four (Methodology), a set of scenarios with varying parameters are going 

to be simulated in this study in order to capture the important behavioral changes of different 

contractors. After simulating different projects over several bidding cycles, the interaction 

between the different competing contractors will become clearer. Another important aspect that 

this study is targeting is the effects of the risk-aversion level of the contractor. As I mentioned in 

the previous chapter, I believe that an increase in uncertainties is directly correlated with an 

increase in markup since I envision that when the risks increase, it becomes more probable f or a 

cost overrun to occur thus all contractors (with any risk aversion level) will need to increase their 

markup in order to account for contingencies and avoid losing money on the project. It is worthy 

to note that each risk-averse contractor faces mainly two types of risks in the bidding process 

which are the risk of getting awarded the project and the risk of losing money after getting 

awarded the project. So, when the project complexity and uncertainties increase, the risk of 

losing money will be dominant over the risk of not getting awarded the project for this reason an 

increase in the markup can be expected thus leading risk-averse contractor to have a higher 

markup than non-risk averse contractors.  

Moving on to the comparison of the lumpsum and unit price contracts, as mentioned in the 

introduction, there is no risk sharing between the owners and contractors when following a 
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lumpsum contract. While risk sharing is a common attribute of unit price contracts, since the 

owner pays the contractor based on the actual quantities used. For this reason, it is plausible  to  

think that all contractors will be skeptical to use a lower markup for lumpsum contracts.  
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Chapter Seven: Conclusion and Limitations 

In this paper, the agent-based modeling was used to simulate a unit price bidding environment. 

Different owners with distinct characteristics were creating a set of projects with unique sizes 

and levels of uncertainties. Ten contractors having different behaviors were present in the market 

and were bidding against each other and adapting to the changing environment. This study will 

expend the understanding of the unit price bidding environment and will shed light on the 

behaviors of different contractors having varying risk aversion level, size, planning management 

skills, and previous experience in unit price contracts. Moreover, it will show the ef f ects of the 

owner’s characteristics such as quantity estimation skills and the owners’ size on the final bid 

price and markup of the bidding contractors. In addition, it will let the owners and contractors 

know the benefits and the disadvantages of the lumpsum and unit price contract s f or dif ferent 

projects, contractors, owners, and markets characteristics. Moreover, it will help owners decide 

which contract type to use and it will assist contractors in forming their risk policies to  achieve 

their desired outcomes. However, some assumptions were taken, and some limitations were 

present while constructing the model: it was assumed that all contractors’ main objective is to 

come up with a bid price that maximizes their profit utility, and it was assumed that the 

contractors have information about their competitors, for example, the number of contractors 

bidding on the same project was known to all bidders. Moreover, time constraint was the main 

limitation, more time is needed to be able to finish the construction of the model and come up 

with results. In the future, additional work can be done to refine the model further and make it an 

even more accurate representation of the real-world bidding environment.  

  



36 
 

Figure section 

 

Figure 1- Visualization of how the model works 
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