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Abstract- Projects are complex and dynamic systems, and their management requires dynamic and systems thinking. In 

this regard, the project managers do their best to achieve the goals desired by the stakeholders and prevent deviations 

in time, cost, quality, and resource allocation. However, non-considering the delays in a system approach causes errors 

that have already been created in the system to be discovered in the project's final steps. It will cause expensive 

rework, overtime, hiring additional workforce, re-allocation of resources, and deviation from the project schedule, 

resulting in reduced quality of the project and dissatisfaction among the stakeholders. In the present study, we will try 

to start the project by using the continuous systems simulation approach (system dynamics) with a simple but dynamic 

model and eliminate the model's shortcomings step by step through model simulation and with the help of Vensim 

software and complete the model with a systems perspective. 
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Introduction 

Project managers' problems become increasingly 

complex, and their solution requires systems thinking. 

Project managers often use a static view (discrete 

system simulation) to solve problems. It only hides the 

problem for a certain time [1, 2]. This discrete approach 

will cause non-solving problems and create bigger and 

more costly problems after a short period. The lack of a 

systems approach in project management has caused 

increased cost and time and failure to calculate delays 

and solve problems caused by delays in time. It 

ultimately will lead to project failure [3]. Static modeling 

approaches (discrete event simulation methods) in the 

best state determine how a change in the time required 

to complete a step may affect the total time to 

complete a project. However, the project manager can 

adjust the schedule by changing the time required for a 

few steps that have been directly affected to re-

estimate and calculate the critical path and the required 

time re-allocation of resources to complete the project. 

However, the time required to perform other steps is 

assumed unchanged, meaning that all other 

interactions are ignored due to the lack of systems 

thinking [4]. 

Thus, many problems during the project are caused by 

unpredicted side effects of past performances and lack 

of calculating delays in time [5]. Additionally, most of 

these problem-solving policies in this approach will 

create temporary solutions that will not solve the 

problems and will create more problems in the future 

[6]. 

 A project is a complex system that includes several 

interactive feedback processes [7]. Feedback processes 

are essential elements in system dynamics in project 

management. The traditional and static method of time 

and cost planning and resource allocation (discrete 

system simulation), such as critical path, does not 

receive feedback effects timely [8, 9].  Thus, the results 

of changes will often be incorrectly estimated if the 

project manager does not predict feedback and 

interactions and introduces changes manually without 

calculating delays. Generally, the classical approaches 

consider the project as a set of consecutive and parallel 

works that should be done at a specific cost and time. 

Therefore, they make detailed plans for all the steps 

and use different tools to implement and control the 

plans [1, 10]. 

In contrast, the system dynamics approach to project 

management provides a systemic and holistic view of 

the project. It tries to provide appropriate strategies in 

different situations by determining the role of each of 

the project variables and simulating their effects [11]. It 

is an object-oriented simulation method that helps to 

understand problems in complex and dynamic systems 
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by modeling. The primary application of the system 

dynamics method is to find feedback processes that 

determine the system's dynamic behavior along with 

the stock and flow structures and time delays. The 

stocks and flows are the primary components of the 

system dynamics method, representing the effective 

interaction between variables in complex systems [2, 

12].  

The system dynamics (continuous event simulation 

method) looks more deeply at the interactions between 

system components. Hence, it can be used at strategic 

levels. This approach can show interactions qualitatively 

and is closely related to problem-solving structure and 

cause and effect graph. In this study, we are looking for 

an answer to the primary hypothesis that there is a 

relationship between systems thinking and problem-

solving during the project. Then, an overview of the 

system dynamics models in project management will be 

presented. Then, using a simple model, we will continue 

the modeling process with the system dynamics 

approach. We will simulate and complete the model in 

each step using Vensim software [13]. 

Literature review  

Jay Foster has taken a significant step in applying and 

developing systems thinking in practice by inventing the 

methodology of systems dynamics. Systems dynamics is 

a set of conceptual tools enabling us to understand the 

structure and dynamics of complex systems. 

Accordingly, we can design effective policies to achieve 

system goals by accurately modeling and simulating 

them [9, 14]. The most well-known application of 

system dynamics in project management is solving cost 

and schedule deviations. Studies in modeling changes 

and errors have focused on identifying factors affecting 

the success of change and error management 

processes]. One of the most recent studies focusing on 

change and error management has developed a 

methodology with a buffering approach to reduce 

uncertainty and a dynamic model. The system has been 

integrated into the construction and design to evaluate 

the effects of errors and changes on the performance of 

the project, simulation, and effectiveness of buffers [15, 

16]. 

The structures used by system dynamics modelers to 

model projects can be divided into four groups. They 

include project characteristics, rework cycle, project 

control, and wave and sequential effects. The focal 

structure of system dynamics project models is a 

rework cycle that causes problematic behaviors 

developed during the project and causes many project 

management challenges. A significant issue in this area 

is the need to complete the order timely. Hence, delays 

in fulfilling the orders of customers, especially large 

customers, will lead to the loss of the organization's 

reputation and lag behind the competitors. Recent 

surveys suggest that more than 50% of large projects 

fail to achieve their goals in terms of cost and schedule 

[12]. In the system dynamics approach, strategic project 

management with the systems thinking approach leads 

to strategic decisions in the project design phase, 

directing operational decisions in that direction [8, 17]. 

The implementation of systems  thinking in project 

management not only considers the relationships 

between different departments and the sequence of 

work in their field but also enables managers and 

analysts to check how a decision affects the entire 

performance of the project and make the appropriate 

and timely decision to change the goal if needed.The 

main difference between static project management 

(discrete event) and strategic project management 

(system dynamics and continuous event) is that it is 

impossible to change the goal . If project managers are 

faced with a lack of time and an accumulation of 

remaining tasks, The mental solution is to increase 

working hours or overtime, but in practice, problems 

arise that make the situation worse. Also, calculating 

errors and delays and their effects will be done 

dynamically. By doing this while removing the 

disadvantages of the model during implementation, we 

will prevent the accumulation of problems at the end of 

the project and, therefore, the need for a sudden 

increase in the hiring of people and the use of 

resources and expansion. We will not have time, and 

the project manager will achieve the desired goals and 

while fulfilling the wishes of the stakeholders, the 

possibility of project failure will be eliminated. 

The significant difference between static project 

management (discrete event) and strategic project 

management (system dynamics and continuous event) 

is impossible to change the goal in a situation 

contingency. If project managers face a shortage of 

time and an accumulation of remaining work, they will 

increase working hours. However, some problems arise 

in practice, worsening the situation. However, in this 

study, by applying a strategic management approach 

(system dynamics approach), project scheduling, 

resource allocation and leveling, and calculation of 

errors and delays and their effects will be done 

dynamically. It will not only remove the shortcomings of 

the model during implementation but also prevent the 

accumulation of problems at the end of the project. 
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Hence, we will not need a sudden increase in the hiring 

of people, the use of resources, and the increase of 

time. Also, the project manager will achieve the desired 

goals. Accordingly, the wishes of the stakeholders will 

be fulfilled, and the possibility of project failure will be 

eliminated. 

Methodology  

The fundamental feature of any project is that the 

works or activities should be performed within a limited 

time. In other words, a project includes identifying 

works that need to be done, and their implementation 

is associated with a limited time and cost. In the 

simulation process in this study, we start with a simpler 

model and expand it according to the existing 

challenges and needs. In the proposed model, it is 

assumed that the project will be completed in 10 

months. However, to ensure enough time to do the 

work, the project's duration is set to 24 months. 

 

Figure 1: Initial workflow subsystem 

 

The workflow in this project is 100 design units per 

month, meaning that 100 units of work are done every 

month. 

Given what was stated above, we perform the 

simulation: 

 

 

Graph 1: Work remaining and work accomplished under the initial workflow system 

As shown in the red graph, the remaining work is zero 

after ten months, but work is still accomplished. In 

other words, there is no reason to close the project. It 

means that although the remaining work is zero, 

activities are ongoing, and work is being accomplished. 

It may be due to project parts that are completed over 

time. As a result, the project will continue without 

having any remaining work. There is a logical way to 

close the project model. The approach we choose here 

is to stop the activity at the end of the project. For this 

purpose, we add the concept "project is done" and 

create a connection from it to the workflow. The 

project’s compliance with "project is done" instead of 

"work remaining" gives us a mechanism to reduce 
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project scope if there are scheduling or budget 

problems. Here, we add the mentioned variable to the 

model : 

 

Figure 2- Subsystem of project’s compliance with “project is done” 

 

By applying the changes mentioned in the model equations and performing the simulation, we will have : 

 

Graph 2: The work remaining and the work accomplished subsystem of project compliance with “project is done.” 

By applying these changes, the project is completed 

timely. The project completion means that all the 

activities have been done and the project is delivered 

timely.  It indicates proper planning and control over 

the project schedule. Also, completing the project with 

a pre-determined budget means that financial 

resources have been used as expected and accurate 

financial planning. It indicates that the project was 

generally within the determined financial limits. In real 

projects, work is not always done without errors. Errors 

can occur due to various factors, such as a lack of 

proper communication between people, ignoring 

technical points, or simple mistakes. However, when 

errors occur, they are not detected at the moment of 

occurrence. In other words, errors remain hidden until 

a check or integration activity is performed and they 

are exposed . 

Detection of errors is an essential part of the project 

management process. Errors may remain hidden until 

specific checks or integrations are performed. These 

activities act as checkpoints where errors are detected 
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and exposed. During these checks or integrations, 

project entities can identify and react appropriately to 

any errors or mismatches that occur during the project. 

Management and eliminating errors effectively is a 

significant component of project management. It 

includes implementing quality control measures, 

conducting regular checks and inspections, facilitating 

effective communication between team members, and 

creating a culture of continuous improvement.  

Accordingly, project managers can reduce the impact of 

errors on the project and achieve successful work 

outcomes. The graph is drawn in a way to show the 

parallel flow of work with the accumulation of errors in 

"undiscovered rework" and the recursive flow from 

"work accomplished" to "work remaining ". By drawing 

the graph this way, we can visually show the impact of 

errors on the project. This approach addresses errors 

occurring throughout the workflow and may lead to 

undiscovered rework. Therefore, we expand the model 

as follows : 

 

Figure 3: The subsystem of dynamic application of the impact of errors on the project 

 

In this Figure, "undiscovered rework" indicates the 

accumulation of errors that have not yet been detected. 

As work progresses, errors can accumulate and will not 

be detected until check or integration activities are 

performed. A recursive flow from "work accomplished" 

to “work remaining" indicates that errors detected in 

the check or integration activities need additional work 

to be corrected. This flow shows the impact of errors on 

the overall progress of the project and the need to 

allocate resources and time to perform undiscovered 

rework. Setting time to detect the mistakes requires 

considering various factors. These factors include the 

types of errors that occur and those likely to find them.  

The dynamics of error detection will not be constant 

during the project, which should be addressed in the 

next step. Currently, an average time of 2 to 3 months 

seems reasonable.  This value can be useful as a starting 

point. However, updating this value as the project 

progresses and more information is received is crucial. 

By regularly reviewing and updating the error detection 

time, we can ensure it is consistent with project needs 

and changes. Based on these interpretations, the 

following results will be obtained : 
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Graph 3: The subsystem of dynamic application of the impact of errors on the project 

 

Based on the result of the above simulations, there are 

two significant points: 

 First, the project takes a little longer since work is not 

done correctly in the first period.  Second, after the 

completion of the project, there are some repetitive 

activities since some works that need to be corrected 

are discovered later in the project and need to be 

redone. A glance at the "Undiscovered Rework" case 

indicates that this variable reaches its maximum value 

when the project is completed, which we see in the 

graph below . 

 

Graph 4: Rework discovery rate 

Although undiscovered rework is inherently invisible, 

there is a significant increase in the rework discovery 

rate in the late steps of a project. These steps are much 

like putting pieces of a puzzle together. As the project 

progresses and nears completion, it is revealed which 

pieces are missing or do not have the right shape. 

Similarly, in the later steps of a project, if there are 

problems with systems or planned components, these 

problems become more discoverable.  

To reduce these problems, it is necessary to pay 

attention to detailed planning, effective 
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communication, and coordination throughout the 

project. Regular inspections, reviews, and tests can help 

identify potential problems early and make corrections 

timely. A valid approach is to adjust the time of error 

detection based on the progress of the project. We can 

allocate more resources and make more effort to 

identify and solve problems in the final steps of the 

project. A simple representation of this approach can be 

seen below: 

1. Initial steps: In the initial steps of a project, the focus 

is primarily on perception, planning, and design. 

However, it is necessary to pay attention to possible 

risks and challenges. The primary emphasis is on 

creating a solid foundation for the project. 

2. Intermediate steps: More concrete components and 

systems are developed and integrated as the project 

progresses and reaches intermediate steps. In this step, 

any problems or discrepancies can be discovered by 

conducting reviews, inspections, and tests. 

3. Final steps: In the final steps, when the project is to 

be completed, more effort can be made to review and 

validate all aspects of the project thoroughly. It includes 

comprehensive reviews, quality checks, functional tests, 

and simulations to ensure everything aligns with the 

design and desired requirements. 

Given what was explained, we make changes in the 

model as follows : 

 

Figure 4: The subsystem of applying error detection 

 

By adding the variable "fraction complete", the 

equations of the model can be completed. In this 

model, the error detection time can be calculated as a 

function of the "fraction complete". 

If the “fraction complete” value is equal to or greater 

than the "specified threshold", we can dynamically 

adjust the time allocated to detect errors based on the 

project’s progress. This approach allows the allocation 

of resources and ensures the detection of errors in the 

final steps of the project, and the model will be more 

comprehensive and logical than before. 

After adding the stated variables to the model and the 

new equations obtained, the simulation results will be 

as follows : 
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Graph 5: Undiscovered rework according to project status 

 

Graph 6:  rework discovery rate in s1 and s3 
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Graph 7: Comparison of the workflows of the first and third scenarios 

 

Based on the above graphs, in the third scenario (s3), 

the project ends a little later than in the first scenario 

(s1). However, at the completion time, there is very 

little rework remaining. 

Team Collaboration  

To show the direct impact of team collaboration on 

undiscovered rework, we consider the following model: 

 

Figure 5: The subsystem of applying the effect of team collaboration on rework 

 

We consider the team collaboration variable as a 

function of the pulse. By comparing this hypothetical 

scenario (s9) and the mentioned changes with the first 

scenario (s1), we see that if team collaboration is 

added, the rate of undiscovered rework decreases 

significantly, as shown in the figure below . 
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Graph 8: Comparison of discovered reworks in scenarios 1 and 9 

We need to use the planned schedule and adjust the 

schedule by leveling the resources to manage the 

project and maintain its schedule. For this purpose, we 

can calculate the remaining time if we have a set end 

date. Considering the rate of work remaining, we can 

determine the speed we need to achieve the schedule. 

Thus, we add new variables to the structure as follows . 

 

Figure 6: Project schedule management application subsystem 

 

Graph 9: Comparison of workflow, work accomplished, and work remaining in project scheduling management. 
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As the project progresses, the workflow increases 

slowly and then suddenly increases at the last moment 

to complete the project timely. It indicates that there 

was flexibility in the project schedule that allowed for a 

gradual increase in the workflow. However, to observe 

the available time and the set time (deadline), there has 

been a sudden increase in the workflow at the last 

moment. 

In the next section, we consider a model focusing on 

the workforce, which is considered the primary 

resource for doing work. The workforce can be people 

who are directly hired for the project, or those who 

exist within the organization and project tasks are 

assigned to them. In the most straightforward 

formulation, the required production rate is 

determined to be enough to complete the project on 

time. In other words, this value shows how many 

people there are and how much effort is needed to 

complete the project to observe the schedule and 

complete the project timely.  

In this scenario, the project starts without any 

workforce, and then people are gradually hired to start 

and complete the work. In this view, the needs and 

supply of the workforce are considered directly and 

based on the project requirements . 

 

 

Figure 7: The subsystem of focusing on the project workforce 

 

Graph 10: Work and workforce in the subsystem of focusing on the project workforce 
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The workforce quickly reaches 100 people, then slowly 

increases and begins to increase dramatically near the 

end of the project. Also, once the project is completed, 

the project activity is revived. We will try to correct 

these unrealistic behaviors in the next section. The 

shortcoming of the model was that as the project nears 

its completion, it is unlikely that more people will be 

added. As the project progresses, the team should be 

stabilized regarding positions and activities. In this 

problem, we add the willingness to change the 

workforce variable and several other variables with 

related equations to the model. 

 

 

 

Figure 8: Subsystem for applying adjustment (correction) of demand for changes in the workforce at the end of the 

project 

 

Graph 11: Adjustment (correction) of the demand for changes in the workforce at the end of the project 
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After simulating and solving this model, the workforce 

does not increase suddenly at the end of the project like 

before and is balanced . 

 

Graph 12: work accomplished, work remaining, and workflow in the final completed model 

 

This project ends a little later.  However, it has the 

advantage that the activities at the end of it are stable, 

and resources do not increase suddenly.  

Conclusion  

Given the inefficient of project management 

approaches with a static and discrete event approach, 

this study presents a dynamic model with the principles 

of systems thinking (continuous event) in which the 

project behavior is simulated in the model. The analysis 

of the model outputs and the calculation of delays in 

each step prevents the accumulation of problems 

caused by the increase of critical factors of the project, 

such as time, cost, and resource allocation, by managing 

and controlling errors and delays during project 

implementation. It will ensure the achievement of the 

project goals. It also ensures that flexibility in adjusting 

goals when necessary, unlike static approaches, is 

achieved. This will lead to the satisfaction of the 

project's stakeholders and customers and increase 

competition's power in complex and competitive 

environments. 

Projects are dynamic and complex systems, and a 

complete and comprehensive understanding of their 

behavior and improving their performance will not be 

achieved if dynamics, non-linear relationships, and 

feedback between factors are not considered. Thus, 

understanding the dynamics in the system and having a 

systems thinking view can ensure the project manager's 

success in achieving project goals with minimum 

deviation.  Since projects are very complex systems that 

need to be managed using a dynamic and continuous 

approach and having systems thinking, it is necessary to 

use hybrid approaches for efficient and effective 

project management.  Since using only one simulation 

method cannot consider different factors and 

categories in the competitive environment of project 

implementation, it is necessary to use a combination of 

two or more methods to solve the problem and model 

the systems. Increasing the complexity of a problem 

makes the need for a hybrid simulation method more 

necessary. Big projects are not an exception in this 

regard. Due to the complexities and environmental 

conditions, they need comprehensive and hybrid 

simulations. Thus, it is recommended that future 

studies combine the system dynamics method with 

other methods, such as expert systems and machine 

learning, artificial intelligence techniques, and soft 

operation research methods, so the results of system 

analysis and simulation are closer to reality. They are 

studied with a more comprehensive approach. 

References : 



 
 

748 

Vol 44 No. 11 
November 2023 

Journal of Harbin Engineering University 
ISSN: 1006-7043 

[1] Ahad Hosseinzadeh1, Hamid Esmaili1*, Roya 

Soltani Iranian Journal of Management Studies 

(IJMS) 2021. Providing a System Dynamics Model 

to Evaluate Time, Cost, and Customer Satisfaction 

in Omni-Channel Distribution: A Case Study, 14(2): 

291-310 

[2] Alireza Khosravi, ajad Samsami. Persian Gulf 

University, Bushehr, Iran.  Proposing a system 

dynamics model in project management. 

International Conference on Industrial Engineering 

2017 Mazandaran University of Science and 

Technology.www.iiec2017.com   

[3] Asfahani A. The Effect of Organizational Citizenship 

Behavior on Counterproductive Work Behavior: A 

Moderated Mediation Model. J Organ Behav Res. 

2022;7(2):143-60. 

[4] Omatina N, Nestić S, Aleksić A. Analysis of 

performance measurement models according to 

the procurement business process. International 

Journal of Industrial Engineering and 

Management. 2019/ 10 (3): 211-218 

[5] Nakagawa N, Odanaka K, Ohara H, Ito T, Kisara Sh, 

Ito K. Effect of smartphone location on pharmacy 

students’ attention and working memory. J Adv 

Pharm Edu Res. 2022;12(2):84-90. 

[6] Chang, C.M.; Makahaube, J.; Raheem, A.A.; Smith, 

E.; Mahnaz, S.L.  Agencies. Businesses 2022. Using 

System Dynamics Method to Measure Project 

Management Performance of Local Government 

Agencies. 2, 376–395. https://doi.org/10.3390/ 

[7] Nakagawa N, Yamashita T. Comparative study of 

traditional face-to-face teaching, audience 

response system, and a flipped classroom plus 

audience response. J Adv Pharm Educ Res. 

2022;12(1):9- 16. 

[8] S. A. Zarghami, J. Dumrak.International Journal of 

Industrial Engineering and 

Management.Application of system dynamics in 

the assessment of project portfolio performance. 

Volume 11 / No 4 / December 2020 / 253 – 262 

[9] Tworek K, Bieńkowska A, Zablocka-Kluczka A. 

Coexistence of business continuity management 

and controlling: Controlling use as a moderator of 

the relation between BCM maturity and 

organizational result. International Journal of 

Industrial Engineering and Management.2019/10 

(1): 57-68 

[10] Mingqiang LIU, Yun LE, Yi HU, Bo XIA, Martin 

Skitmore, Xianyi GAO System dynamics modeling 

for construction management.Research: critical 

review and future trends. Journal of Civil 

Engineering and Management.ISSN 1392-3730 / 

eISSN 1822-3605. 2019 Volume 25 Issue 8: 730– 

741. https://doi.org/10.3846/jcem.2019.10518 

[11] Hoang TTV, Nguyen TH, Nguyen TTT, Hoang LPT, 

Ho TTT, Nguyen THT, et al. Research Factors 

Affecting Students’ Academic Results in Learning 

Project Subjects Oriented CDIO In Vinh University. 

J Organ Behav Res. 2022;7(1):14-28. 

[12] Mortazavi S, Kheroddin A, Naderpour H. 2020. Risk 

evaluation and prioritization in bridge construction 

projects using system dynamics approach. Practice 

Periodical on Structural Design and Construction. 

25(3): 04020015: 1-13. 

[13] Javier Andres Calderon-Tellez , Gary Bell , Milton 

M. Herrera , Carlos Sato Project management and 

system dynamics modeling: Time to connect with 

innovation and sustainability. December 2022. 

DOI:10.1002/seres.2926 

[14] Hendalianpour, A. (2020). Optimal lot-size and 

price of perishable goods: a novel game-theoretic. 

Model using double-interval grey numbers. 

Computers & Industrial Engineering, 149, 106780. 

https://doi.org/10.1016/j.cie.2020.106780 

[15] Sadegheih, A., Nazari, A., & Tehrani, R. (2022). 

Project scheduling based on resource leveling 

using fuzzy ranking and genetic algorithm: 

Examination and analysis. International Journal of 

Health Sciences, 6(S8), 409–432. 

https://doi.org/10.53730/ijhs.v6nS8.10276 

[16] Shafieezadeh M, Kalantar Hormozi M, 

Hassannayebi E, Ahmadi L, Soleymani M, Gholizad 

A. A system dynamics simulation model to 

evaluate project planning policies. International 

Journal of Modelling and Simulation. 2020/40(3): 

201-216. 

[17] Makahaube, J.S. Performance Measure 

Methodology of Project Management Practices in 

Local Government Agencies. 2020.Available 

online: 

https://scholarworks.utep.edu/cgi/viewcontent.cg

i?article=4177&context=open_etd (accessed on 18 

September 2022). 

 

https://doi.org/10.3390/
https://doi.org/10.3846/jcem.2019.10518
https://doi.org/10.1016/j.cie.2020.106780
https://doi.org/10.53730/ijhs.v6nS8.10276

