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Abstract

Changes in construction projects are always going to happen and cannot be avoided. Changes causes disruption of performance
of construction projects, especially time and cost performance. Many factors can be the cause of changes in construction projects,
one of the most influential factor is design change. This study examines the most influential that affect to the design changes in
the construction of projects. The influential factors of design changes can be classified into two groups. The internal factors
consist of owner, design consultant, construction management consultant, and contractor, while the external factors involve
political and economic, the natural environment, advance of technology, and the third-party. The research method employed a
questionnaire survey consisting of 31 questions about the occurrence of design changes during the construction of projects, which
was distributed to the managers of the construction project. The data was analyzed using Partial Least Square (PLS). The finding
shows that the owner is the greatest influential factors on the occurrence of the design changes. The subsequent factors are the
design consultant, construction management consultant, political and economic, the natural environment, contractors, third
parties, and the advance of technology, which are indicated by the values of the loading factor 0,884, 0,859, 0,846, 0,771, 0,577,
0,523, 0,328, 0,255 respectively. This finding can provide useful information for practitioners to reduce the occurrence of design
changes on construction of projects, as well as to improve the performance of the construction projects.
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1. Introduction

A construction project is particularly prone to a high degree of change for a variety of reasons such as the
disruption of monetary, fiscal disorder, lack of time and effective communication, environmental changes and
increasing complexity of a project [1,2,3,4,5]. The changes influence its performance, especially the cost and time
[1,6,7.8].

The changes of a construction project are caused by many factors in which the most influential factor is the
change of design. Burati, Farrington and Ledbetter [9] found that design and construction produced the greatest
deviation of construction costs. The deviation was 12.4% of the total cost of a project. They suggested that the
deviation caused by design changes was 78% of the total deviation, 79% of the deviation of costs and 9.5% of total
construction cost. They also found that two third deviation is caused by a design change.

To reduce design changes during a construction project, identification and evaluation of factors causing design
changes during a construction is essential. The factors can be used as references and appropriate strategies to reduce
the occurrence of design changes in a construction project.

The aim of this paper is to identify factors causing design changes during a construction and to determine the
influence factor level of design changes. Using a questionnaire, which was distributed to respondents involved in a
construction project, and Partial Least Square (PLS) method, factors contributing design changes are examined. This
method is a technique of Structural Equation Modeling (SEM) that can be applied for any scale data. This method
needs few assumptions and small sample size [10].

2. Factors Causing Design Change

There are many researches on the occurrence of changes during a construction period. Based on previous
researches, there are 31 factors causing design changes [6,11,12,13,14,15,16,17,18,19,20]. These factors can be
divided into two major groups: internal and external. The internal factors are caused by parties directly involved
within a construction project such as the owners, design consultants, construction management consultant and
contractor. The owner has five factors consisting of the owner instruction to modify a design; the owner failure to
make decisions or to review documents at the right time; the changes of funding scheme from the owner; and the
information provided by the owner is incomplete or incorrect (the scope of the project is not clear). Design
consultant has eight factors which consist of non-availability of engineering licensing for engineers; unrealistic
period to design; failure of a consultant to provide adequate and clear information in the tender documents; errors
and omission of consultants; changes made as a request of a consultant; consultants who are not familiar with the
regulations and construction permits; low consultant fee and poor coordination of design team members with the
owner. Construction management consultant provides three factors that are comprised of failure of communication
amongst parties involved within a construction project; the lack of precise and rapid decisions and there are not
carefully check and correct planning documents. Contractor has four factors which consist of an unrealistic
construction’s schedule; changes initiated by contractors to improve quality and constructability; and the
construction budget is too low.

The external factors are factors or parties that are not directly involved in a construction project but they affect
design changes such political and economic matters, the natural environment, the advances of technologies and third
parties. Political and economic matters have three factors that consist of changes in policies and regulations;
decision maker alteration and the effect of inflation and prices fluctuate. The environment has three factors that
consist of weather conditions; natural disaster; geological conditions and unforeseen ground conditions. The
advances of technologies have three factors that consist of ineffective use of information technology (IT); new
construction methods and new materials. Third parties have two factors that consist of complaints from
neighborhood; the changes made as the request of an end user/regulator body [6,11,12,13,14,15,16,17,18,19,20].

These abovementioned factors, identified from previous researches, were used as basic references to develop a
questionnaire.
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3. Research Method
3.1. Concl Research Method

This research used a questionnaire distributed to project managers of construction projects who were employed
by the owner, contractor, construction management consultant and design consultant. Since they were directly
involved, they deeply understood the problems of design changes occurred within a construction project. This study
used ordinal scale with the range of 1 to 5. The level “1” indicated no strong influence; “2” indicated not affecting;
“3” indicated doubtful; “4” indicated influences; and “5” indicated very affecting or strong influence.

Structural equation modeling (SEM) was then used to analyze the factors of design changes. SEM is a method
developed from a combination between two statistical methods namely the statistical method of factor analysis that
is developed for psychology or sociology and a simultaneous equations model that is developed for econometrics
[21]. SEM can also be described as an analytical approach that combines a factor analysis, a structural model and a
path analysis [22]. Nowadays, there are three types of SEM namely: covariance-based structural equation modeling
(CB-SEM), partial least squares structural equation modeling (PLS-SEM) and generalized structured component
analysis (GSCA) [21].

This study used PLS-SEM because: 1) this model can be built on the basis of a theory that is not very strong, 2)
the sample size is relative small, 3) the aims of analysis is to develop a theory or prediction models and 4) the
indicators can be shaped reflective and formative.

The step of structural equation modeling analysis using partial least square (PLS-SEM) can be seen in Figure 1.
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Fig. 1. Stages of Analysis SEM-PLS. [23]
3.2. Survey Response

The questionnaires consisted of 60 questions were distributed to respondents in Sumatra (8.33%), West Java
(8.33%), Jakarta (40.00%), Central Java (5.00%), East Java (3.33%), Sulawesi (3.33%), Bali (30.00%), and East
Nusa Tenggara (1.67%).

Majority of respondents (66.67%) worked in construction projects over 15 years, 16.67% respondents worked in
construction projects between 10-15 years, 15.00% respondents had work experiences between 5-10 years, and only
a few respondents (1.67%) had work experiences less than five years. From these data, it can be concluded that the
respondents had enough experiences in construction projects. Therefore the data obtained were able to provide
holistic picture about the problems and factors influencing design changes in construction projects.
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4. Result and Discussion
4.1. Validity and Reliability Tests

Validity and reliability tests were conducted to determine the accuracy and reliability of the questionnaire.
Validity test was conducted to examine the significance of the correlation coefficient (Pearson correlation) at
significant level (o) of 0.05. The test used two-sided tests with significance level of 0.05. The test criteria were 1) if
r count> r table, the instrument was declared valid; and 2) when r count <r table, the instrument was declared not
valid. Since all instruments in the validity test had r count significance (o) 5%> r table with 5% significance, the
instrument used was valid.

The reliability test in this study, which examined the consistency of the research instrument, used Cronbach's
alpha values. Since the Cronbach's alpha value was 0.922, the research instrument was qualify reliability or reliable.

The validity and reliability tests conducted showed that the research instrument was valid and reliable.

4.2. Analysis with SEM-PLS

Using SEM-PLS methods supported by SmartPLS 2.0 M3, a model of the influential factors of design changes in
the construction projects was developed. The validity and reliability of the model were then evaluated. The validity
was tested by convergent and discriminant validity while the reliability was tested by Cronbach’s alpha and
composite reliability. Rule of thumb for convergent validity is 1) loading factor> 0.7 in which for an exploratory
research, loading factor 0.6-0.7 is still acceptable, 2) communality> 0.5 and 3) average variance extracted (AVE)>
0.5 [23]. PLS-SEM measurement model for design changes can be seen in Figure 2.
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Fig. 2. Measurement Model of Design Change (Source: Results Analysis with SmartPLS 2.0 M3)
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The results of calculations that were conducted for all loading factor value showed that all indicators were above
0.6. These results mean that all indicators were valid. After conducting loading factor test, the tests with an average
variance extracted (AVE) and communality from latent variables or constructs were conducted. Using SmartPLS 2.0,
the tests showed that the average variance extracted (AVE) and the communality of all constructs were above 0.50.
Therefore, the model met the requirements of convergent validity. Based on the value of cross loading, the
correlation value of constructs with their manifest variable was greater than the correlation of their manifest
variables with the other constructs. It can be concluded that indicators used in this study met the criteria of
discriminant validity.

On the other hand, the reliability of the model was tested by measuring the composite reliability (CR) and
Cronbach’s alpha. Value of composite reliability and Cronbach’s alpha must be greater than 0.7. However, the value
of 0.6 was acceptable for an exploratory research [24], but it will provide a lower value (underestimate). Therefore,
it was recommended to use a composite reliability to test reliability of the constructs [23]. This composite method
was used in this study, in which the value for all grades was above 0.7. This result means that the manifest variables
or indicators used was valid.

Furthermore, main factors influencing design changes can be determined by calculating the loading factor of each
indicator into variable design changes. Loading factor was derived from the calculation of the path coefficients in
SmartPLS 2.0 M3. The results obtained by loading factors are shown in Table 1.

Table 1. Loading Factors of Indicator against Design Change (Source: Results Analysis with SmartPLS 2.0 M3)

Factor Loading Factor
Owner 0,884
Consultant 0,859
Consultant construction management 0,846
Politics and economics 0,771
Natural environment 0,577
Contractors 0,523
Third party 0,328
Advances in technology 0,255

As be seen in Table 1, the owner was the biggest factor that causes a design change in a construction project with
a loading factor of 0.884. The other factors were respectively design consultant (0,859), construction management
consultant (0,846), political and economic matters (0,771), the natural environment (0,577), contractors (0,523),
third party (0,328) and advances in technology (0,255). These results show that the internal factors had more
influences than the external factors in design changes of a construction project.

5. Conclusion

Using SEM-PLS method supported by SmartPLS 2.0 M3, this study found that the owner was the main factor that
caused design changes in a construction project. The other factors were respectively design consultants, construction
management consultants, political and economic matters, the natural environment, contractors, third parties and the
advance of technologies. By understand these factors, design changes in construction projects can be minimized.
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