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Abstract 

This paper surveys the studies on construction change systems and reveals some of the potential future works. It is tried to pick up 
the critical works to derive a true timeline of the systems. The findings show that leaping from best practice guides in late 1990s
and generic process models in early 2000s to very advanced modelling environments in mid 2000s and early 2010s have made 
gaps along with opportunities for change researchers in order to develop some more easy and applicable models. Another finding 
is that there is a compelling similarity between the change and risk prediction models. So, integrating these two concepts, 
specifically from proactive management point of view, may lead to a synergy and help project teams avoid rework. Also, the 
findings show that exploitation of cause- effect relationship models, in order to facilitate the dispute resolutions, seems to be an 
interesting field for future works. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction 

Change is considered as a modification to an agreement between project participants [1], and, change management 
is the process to anticipate possible changes, identify changes that have already occurred, plan preventive impacts, and 
coordinate changes across the entire project [2]. Changes are considered as one of the main sources of project risks 

* Corresponding author. Tel.: +989125778760; fax: +982143679000. 
E-mail address: eshtehardian@modares.ac.ir 

© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2016.08.686&domain=pdf


945 Ehsan Eshtehardian and Saeed Khodaverdi  /  Procedia Engineering   161  ( 2016 )  944 – 949 

[3]. The underlying importance of managing change in construction projects is increasingly thriving to make it an 
integral part of today’s project management proficiency. Although management of changes seems to be a common 
challenge for managers from the beginning of construction industry, the systematic handling of changes was not 
highlighted until the late 1990s. From the early 2000s onwards there has been an emergent progress of change 
management systems (CMSs) starting from generic process models to very sophisticated modelling environments 
specifically using Dynamic Planning and control Methodology (DPM) of System Dynamics model ([4]; [5]; [6]; [7]). 
The fast growth of CMSs seems to be the reason why they lack the popularity and practicality in the industry. This 
paper investigates the previous works done in construction change to reveal the potential future works, specifically for 
practical purposes. It is noted that Sun and Meng [8] stated studies on construction changes fall into two distinct realms 
of organizational and project level. Given the large volume of work published and to limit the scope of the work, the 
focus of this paper is on the latter.  

2. Previous Works Related to Change Management Systems 

Research done by professional institutions such as the Chartered Institute of Building (CIOB), The Construction 
Industry Research and Information Association (CIRIA), and the Construction Industry Institute (CII), led to 
development of best practice guides for managing changes. Furthermore, many other researchers have focused on 
managing changes specifically by developing change management systems. As one of the early computer-aided 
engineering works, Ahmed et al. [9] developed an integrated system which was based on a global database, several 
knowledge modules, and a control mechanism to systemize object changes. Krishnamurthy and Law [10] introduced 
a change management model that supported multidisciplinary collaborative design environments. Also, a change 
management system was proposed by Mokhtar et al. [11] for managing design change in a collaborative environment. 
The model was capable of propagating design changes and tracking past changes. Hanna et al. [12] introduced a linear 
regression model that anticipated the impact of change orders on labour productivity. Karim and Adeli [13] proposed 
a comprehensive change management system based on an object-oriented (OO) information model. Using a software 
package, namely CONSCOM, the system was capable of handling change orders, scheduling, and cost optimization. 
Soh and Wang [14] suggested a parametric technique based on a constraint methodology to coordinate design 
consistency to facilitate management of changes. Hegazy et al. [15] proposed an information model to facilitate design 
coordination and management of design changes. The model tried to identify the ripple effect of changes by 
representing the key dependencies between building components. Also, a reporting system was used to view the history 
of all changes made by all disciplines. Based on the previous works and collaborations with CII members, Ibbs et al. 
[16] introduced a general process-oriented change management system. Their CMS has two levels: a level of starting 
principles and a detailed level of management processes. The first level is founded on five principles: (1) promote a 
balanced change culture; (2) recognize change; (3) evaluate change; (4) implement change; and (5) continuously 
improve from lessons learned. Each of these principles works hand-in-hand with the other in order to minimize 
detrimental change and promote beneficial change. The system is treated as the most popular and generic tool of 
managing change that many following CMSs were inspired from that. Yet, such an approach has also been criticized 
for serving merely as a reactive handling approach of changes and that it lacks a process for implementing controls for 
future [17]. Charoenngam et al. [18] suggested an internet-based change management system which is based on a 
change order procedure involving workflows, documents, records keeping, and a centralized database. Park & Pena-
Mora [19] introduced a model-based change management system to evaluate the impact of changes on project 
performance based on change characteristics, discovery status, and time. Supported by a system dynamic model, the 
system was able to improve project performance by providing effective management plans and policy guidelines. 
Motawa et al. [3] presented an interesting fuzzy model for predicting change events based on the available information 
at the early stages of a project. As one of the primary works focused on proactive management of changes, the system 
has the capabilities of identifying and forecasting potential changes with subjective data generated by experts, and 
evaluating their effects which in turn help in handling dispute resolutions arising from vague perception of a change’s 
root causes and effects. Sun et al. [5] developed a change management toolkit in order to help project teams to apply 
the generic change management process model in practice. It consists of two components, a knowledge component 
and a support component. The knowledge component contains a high-level generic change process model which is 
supported by a more detailed project change dependency framework. The process model, together with the framework, 
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provides a standard procedure to identify, evaluate, approve and implement project changes. The support component 
comprises a change prediction tool (based on the fuzzy logic model of Motawa et al. [3]) to assess the likelihood of 
changes occurring and a workflow tool to assist in project rescheduling as a result of a change event. Also, Motawa et 
al. [6] presented an integrated change management system based on their previous works and research done by Lee 
and Peña-Mora [4]. The system was developed to represent the key decisions required to implement changes and to 
simulate the iterative cycles of concurrent design and construction resulting from unanticipated changes and their 
subsequent impacts. It integrates a fuzzy logic–based change prediction model with the system dynamics model of the 
dynamic planning and control methodology to evaluate the negative impacts of changes on construction project 
performance. Chen and Hsu [20] suggested a hybrid artificial intelligence model to provide a method that can be used 
to solve potential lawsuit problems caused by change orders in construction projects.  

The hybrid model, namely HACM, is consisted of Neural Networks (ANN) and Case Based Reasoning (CBR). The 
model encompasses the learning feature of the ANN approach and the similarity calculating feature of the CBR 
approach. Isaac and Navon [21] introduced a graph-based model that identifies and emphasizes on the possible impact 
of proposed changes in building projects. The model creates requirement traceability through links between client 
requirements, captured accurately at the beginning of the project, and building design. Zhao et al. [22] proposed a 
change prediction system using activity-based dependency structure matrix (DSM) to model the process that may 
occur as a result of changes. This method includes identifying the sources of changes and verifying the effectiveness 
of the DSM model. Han et al. [7] developed a system dynamics model to capture the dynamics of design errors and 
systematically assess their negative impacts. Giving a case study, they proved that the developed model can assist 
project managers in better understanding the dynamics of design errors and recovering delayed schedule, particularly 
under schedule pressure. 

Charkhakan and Heravi [23] presented an approach to identify change formation scenarios (CFSs) based on change 
occurrence paths by using a dynamic programming method. Later, they indicated that the occurrence of changes can 
be predicted by an approach which focuses on details by decomposing change occurrence phases and analysing their 
components’ interrelations. They used the Decision Making Trial and Evaluation Laboratory (DEMATEL) technique 
to evaluate both predictability and traceability of CFSs and the relative importance of change formation components 
[24]. Recently, they have promoted their previous system to cover the change implementation phase as well. They 
have proposed a framework based on the Event Tree Analysis (ETA) technique to predict changes in construction 
projects by evaluating the change implementation process which follows the change formation phase [25]. Pilehchian 
et al. [26] suggested a system supporting management of changes across several discipline-specific models within a 
building information modelling (BIM) environment. Their conceptual approach was able to represent, coordinate, and 
track design changes. The aforesaid literature is categorized in Table 1 based on the system title, scope of the work 
(which phase of the project during its life cycle the system applies to), supporting tools (what are the basic 
mathematical tools incorporated in the system), and a brief description about the features of the system. 

3. Discussion 

The aim of this review of previous works in construction change systems is to reveal some of the potential works 
specifically from practical point of views. A bulk reservoir of taxonomies for change causes and effects can be found 
in the literature and knowing common causes and effects will help identify a new project’s potential ones. However, 
knowing merely the causes and effects will not satisfy the project teams in handling changes. The need for systematic 
management of changes is increasingly becoming a required task of today’s project management role. Best practice 
guides presented by institutions like CIRIA and CII have facilitated such issues to some extent. However, the necessity 
of process- oriented systems and quantitative assessment tools in order to evaluate the consequences of changes and 
to implement the approved ones tend to be the focus of change researchers. From the generic process model of Ibbs et 
al. [16] onwards the few change management systems introduced by researchers often are constituted on a generic 
process model to implement the proposed changes reinforced by a change evaluation model to predict the 
consequences. Other researches have focused only on the evaluation models. 

Table 1. Change Management Systems. 
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Author (s) System Title Scope  Supporting Tools Brief Description 

Ahmed et al. [9] Object oriented data 
base management 
system (OODBMS) 

Design A set of tools including 
versioning model  

A transaction management system for collaborative engineering 
application based on a global database, several knowledge modules, 
and a control mechanism to systemize object changes 

Krishnamurthy 
& Law  [10] 

A data management 
system for 
collaborative design 

Design A set of tools including 
versioning model 

A data management system for storing, detecting and managing  of 
changes among versions of  a primitive design entity in a 
multidisciplinary environment 

Mokhtar et al. 
[11] 

A system  for 
managing design 
changes 

Design Information model using 
a central database 

A system for propagating design changes and tracking past changes 
in a collaborative environment 

Hanna et al.  
[12] 

Impact of change 
orders on labour 
efficiency 

Construct Based on hypothesis 
testing and a regression 
model 

A system for anticipating the impact of change orders on labour
productivity 

Karim & Adeli 
[13] 

An OO construction 
Scheduling and 
change management 
system 
(CONSCOM) 

Design/
Construct 

An object-oriented (OO) 
information model based 
on Visual C++ 

A comprehensive change management system capable of handling 
change orders, scheduling, and cost optimization 

Soh and Wang 
[14] 

Parametric 
coordinator for 
engineering design 

Design Parametric technique 
based on a constraint 
methodology 

An approach facilitating the coordination of design information 
through managing design changes with the help of a parametric 
coordinator.  

Hegazy et al. 
[15] 

A system  for 
improving design 
coordination 

Design An object-oriented 
information model 

A system for storing design information, recording design rationale, 
and managing the ripple effect of design changes which 
automatically communicates such changes to affected parties 
through preset communication paths.  

Ibbs et al. [16] Project change 
management system 

Whole life 
cycle 

A generic process model A general process-oriented change management system founded on 
five principles: (1) promote a balanced change culture; (2) 
recognize change; (3) evaluate change; (4) implement change; and 
(5) continuously improve from lessons learned 

Charoengam et 
al. [18] 

Change order 
management system 
(COMS) 

Design/
Construct 

Standard web 
technologies 

An internet-based change management system which is based on a 
change order procedure involving workflows, documents, records 
keeping, and a centralized database to increase integration between 
different team members 

Park & Pena-
Mora [19] 

Dynamic change 
management system 

Design/
Construct 

System dynamics A system to analyze change impact on project performance using a 
dynamic project model to enhance project performance by 
providing effective management plans and policy guidelines 

Motawa et al. [3] A system for 
evaluating the risk of 
change

Whole life 
cycle 

Fuzzy logic A fuzzy model for predicting change events by simulating the 
relationships between change causes and effects based on the 
available information at the early stages of a project 

Sun et al. [5] A Change 
management toolkit 

Design/
Construct 

Fuzzy logic & system 
dynamics 

A system consisted of two components of knowledge and support. 
The knowledge component contains a generic change process 
model to implement changes. The support component evaluates the 
likelihood of changes occurring and assists in project rescheduling 
as a result of a change event. 

Motawa et al. [6] An integrated system 
for change 
management  

Design/
Construct 

Fuzzy logic & system 
dynamics 

A generic process model to implement changes supported by a 
prediction tool to simulate the iterative cycles of concurrent design 
and construction resulting from unanticipated changes and their 
subsequent impact.  

Chen & Hsu 
[20] 

Hybrid ANN-CBR 
model (HACM) 

Design/
Construct 

Artificial Neural 
Networks (ANN) and 
Case Based Reasoning 
(CBR)

A hybrid artificial intelligence model to solve potential lawsuit 
problems caused by change orders. The model encompasses the 
learning feature of the ANN approach and the similarity calculating 
feature of the CBR approach 

Zhao et al. [22] Prediction system 
for change 
management 

Construct Activity-based 
dependency structure 
matrix (DSM) 

A change prediction system to model the process that may occur as 
a result of changes. The method includes identifying the sources of 
changes and verifying the effectiveness of the DSM model. 

Han et al. [7] A system for 
assessing the 
impacts of design 
errors 

Design System dynamics A system dynamics model to capture the dynamics of design errors 
and systematically assess their negative impacts, particularly under 
schedule pressure 

Table 1. Change Management Systems – continue. 
Author (s) System Title Scope  Supporting Tools Brief Description 
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Charkhakan  
& Heravi [24] 

A system for 
evaluating change 
formation process 

Construct Decision Making Trial 
and Evaluation 
Laboratory (DEMATEL) 
& dynamic program. 
method 

A system to identify change formation scenarios (CFSs) based on 
change occurrence paths using  dynamic programming & to predict 
the occurrence of changes by decomposing change occurrence 
phases and analysing their components’ interrelations using 
DEMATEL 

Charkhakan & 
Heravi [25] 

A system for 
evaluating change 
implementation 
process  

Construct Event Tree Analysis 
(ETA) 

A framework to predict changes in construction projects due to the 
change implementation process which follows the change 
formation phase. 

Pilehchian  
et al. [26] 

A conceptual 
approach to track 
design changes 

Design Graph-based approach & 
dependency matrix 

A conceptual approach to represent, coordinate, and track design 
changes within a multi-disciplinary building information modelling 
(BIM) environment 

As to generic process part, it is generally accepted that, just like the risk management plan, management of changes 
include identifying changes, evaluating changes, and planning for implementation of them. Regarding the change 
evaluation models, there has been an increasing tendency to develop complex models specifically using Dynamic 
Planning and control Methodology (DPM) of the system dynamics. 

Unlike the gradual evolution of risk management systems over several decades, change management systems are 
experiencing a fast development in the recent decade, leaping from best practice guides in late 1990s and generic 
process models in early 2000s to very advanced modelling environments in mid 2000s and early 2010s. Hence, one 
can realize the gap between these may be filled by using more simple and applicable tools. Since change management 
resembles risk management in many aspects, exploiting the tools deployed in risk analysis seems to be still an open 
area for change researchers. A good example is the use of belief network method due to its simple modelling set and 
practicability purposes (data generation by experts without need to collect historical data and simple modelling 
environment using a facilitating software). Other methods can be found by a thorough review of risk analysis literature. 
Based on the reviewed change models, there is a compelling similarity between the change prediction models and the 
models offered for risk evaluation. The common characteristics of change and risk models specifically in predicting 
the occurrence probability of events can be a spotlight to think about. In many previous works changes are treated as 
one type of risk factors. However, it should be noted that all the identified risk factors have the potential to impose 
variations in any aspect of a project; weather this variation has little impact or it dramatically affects the entire contract.
The delicate difference between these two concepts exposes when there is a matter of legal variation in contractual 
clauses; i.e., the risk factors (potential ones or occurred ones) transform into a change when there is an obvious 
variation on contractual aspects including management base plans, drawings, and etc. Based on this, every risk factor 
is a potential change case with an attention whether it legally and contractually changes something or not. Also, 
sometimes two or more risk factors lead to a potential change case, which in this case the risk factors play the role of 
change triggers or causes. Based on the aforesaid arguments, change and risk have obvious similarities and integrating 
these two concepts in some aspects may lead to a synergy and help project teams avoid rework. Specifically, when it 
comes to proactive management of events, these two realms overlap in many aspects and development of integrated 
systems seems to be an appealing field of research. 

The research surveyed in this paper also reveals that there is a strong need to promote the cause- effect relationship 
models. Resolution of disputes arising from contractor claims, which in turn originate from vague perception of a 
change’s root causes and effects, amplify the criticality of detailed analysis and investigation of the change causes and 
effects [3]. The fuzzy logic-based model introduced by Motawa et al. [3] was a good start for this purpose. However, 
this field has not drawn much attention from modelling perspective during recent years. There is a large volume of 
published works for qualitative evaluation of disputes and claims, while few works are dealing with quantitative 
assessment. Thus, cause- effect relationship models have the potential to become the other next spotlight of change 
researches, specifically by exploiting modelling tools introduced in risk analysis domain. 

4. Conclusions 

This paper investigates the studies on construction change management systems and exposes some of the possible 
future works. The survey showed that moving from best practice guides in late 1990s and generic process models in 
early 2000s to some advanced modelling environments in mid 2000s and early 2010s have made gaps and prepared 
opportunities for change researchers to develop some more easy and applicable models. Also, the reviews revealed 
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that there is a potent similarity between the change and risk prediction models. So, introducing integrated systems for 
this purpose can lead to a synergy and raise the efficiency of project teams. Moreover, it was found that use of cause- 
effect relationship models to help resolve disputes, arising from vague perception of a change’s root causes and effects, 
seems to be a motivating feature for construction change researchers.

References 

[1] Construction Industry Institute (CII). (1994). Project change management. Austin, Texas: CII. 
[2] Voropajev, V. (1998). Change management—A key integrative function of PM in transition economies. International Journal of Project 
Management, 16(1), 15-19.  
[3] Motawa, I. A., Anumba, C. J., & El-Hamalawi, A. (2006). A fuzzy system for evaluating the risk of change in construction projects. Advances 
in Engineering Software, 37(9), 583-591.  
[4] Lee, S., & Peña-Mora, F. (2005). System dyanmics approach for error and change management in concurrent design and construction. Paper 
presented at the Proceedings of the 37th conference on Winter simulation. 
[5] Sun, M., Fleming, A., Senaratne, S., Motawa, I., & Yeoh, M. L. (2006). A change management toolkit for construction projects. Architectural 
Engineering and Design Management, 2(4), 261-271.  
[6] Motawa, I., Anumba, C., Lee, S., & Peña-Mora, F. (2007). An integrated system for change management in construction. Automation in 
construction, 16(3), 368-377.  
[7] Han, S., Love, P., & Peña-Mora, F. (2013). A system dynamics model for assessing the impacts of design errors in construction projects. 
Mathematical and Computer Modelling, 57(9), 2044-2053.  
[8] Sun, M., & Meng, X. (2009). Taxonomy for change causes and effects in construction projects. Int. J. of Project Management, 27(6), 560-572.  
[9] Ahmed, S., Sriram, D., & Logcher, R. (1992). Transaction-management issues in collaborative engineering. Journal of computing in civil 
engineering, 6(1), 85-105.  
[10] Krishnamurthy, K., & Law, K. H. (1995). A data management model for design change control. Concurrent Engineering, 3(4), 329-343.  
[11] Mokhtar, A., Bédard, C., & Fazio, P. (1998). Information model for managing design changes in a collaborative environment. Journal of 
Computing in Civil Engineering, 12(2), 82-92.  
[12] Hanna, A. S., Russell, J. S., Nordheim, E. V., & Bruggink, M. J. (1999). Impact of change orders on labor efficiency for electrical construction. 
Journal of Construction Engineering and Management, 125(4), 224-232.  
[13] Karim, A., & Adeli, H. (1999). CONSCOM: An OO construction scheduling and change management system. Journal of Construction
Engineering and Management, 125(5), 368-376.  
[14] Soh, C.-K., & Wang, Z. (2000). Parametric coordinator for engineering design. Journal of computing in civil engineering, 14(4), 233-240.  
[15] Hegazy, T., Zaneldin, E., & Grierson, D. (2001). Improving design coordination for building projects. I: Information model. Journal of 
Construction Engineering and Management, 127(4), 322-329.  
[16] Ibbs, C. W., Wong, C. K., & Kwak, Y. H. (2001). Project change management system. J. of Management in Engineering, 17(3), 159-165.  
[17] Manzoor Arain, F., & Sui Pheng, L. (2007). Modeling for management of variations in building projects. Engineering, Construction and 
Architectural Management, 14(5), 420-433.  
[18] Charoenngam, C., Coquinco, S., & Hadikusumo, B. (2003). Web-based application for managing change orders in construction projects. 
Construction Innovation, 3(4), 197-215.  
[19] Park, M., & Pena-Mora, F. (2003). Dynamic change management for construction: introducing the change cycle into model-based project 
management. System Dynamics Review, 19(3), 213.  
[20] Chen, J.-H., & Hsu, S. (2007). Hybrid ANN-CBR model for disputed change orders in construction projects. Automation in Construction, 
17(1), 56-64.  
[21] Isaac, S., & Navon, R. (2008). Feasibility study of an automated tool for identifying the implications of changes in construction projects. 
Journal of Construction Engineering and Management, 134(2), 139-145.  
[22] Zhao, Z. Y., Lv, Q. L., Zuo, J., & Zillante, G. (2009). Prediction system for change management in construction project. Journal of Construction 
Engineering and Management, 136(6), 659-669.  
[23] Charkhakan, M. H., & Heravi, G. (2012). Identification of changes formation scenarios in construction projects based on changes occurrence 
paths analysis. Paper presented at the Construction Research Congress 2012@ Construction Challenges in a Flat World. 
[24] Heravi, G., & Charkhakan, M. H. (2013). Predicting and tracing change-formation scenarios in construction projects using the DEMATEL 
technique. Journal of Management in Engineering, 30(6), 04014028.  
[25] Heravi, G., & Charkhakan, M. H. (2014). Predicting Change by Evaluating the Change Implementation Process in Construction Projects Using 
Event Tree Analysis. Journal of Management in Engineering, 31(5), 04014081.  
[26] Pilehchian, B., Staub-French, S., & Nepal, M. P. (2015). A conceptual approach to track design changes within a multi-disciplinary building 
information modeling environment. Canadian Journal of Civil Engineering, 42(2), 139-152.  


