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ABSTRACT  

This paper focuses on the change in the work construction contract which is commonly called work change order 
or Contract Change Order. This change can alter the cost of the contract specifications and the project schedule. The 
purposes of this study are to identify factors that cause contract change order and to design a model for controlling contract 
change order (CCO) in term of cost performance at the government pier project implementation, particularly in North 
Sulawesi, Indonesia. The study methods are primary data collection by running questionnaires and secondary data from the 
office of the Department of Transportation and contractor companies document. For designing an application model, the 
methods used include waterfall method, architecture method, system performance method and brainstorming by focus 
group discussion. The dependent variable in this study is the Cost Performance (Y) and the independent variables are 
Construction Factor (X1), Administrative Factor (X2), and Resources Factor (X3). Statistical analysis results shows that 
partially Construction Factor, Administration Factor and Resources Factor significantly influence the cost performance. 
Simultaneously, these three factors also significantly influence and have a very strong positive correlation with the Cost 
Performance. The application model developed for controlling CCO can present the prediction of CCO by rating the 
percentage of CCO probability. Black-box test method used for trial stage produces what is expected by presenting the 
prediction percentage of 100%, 75%, 50%, 25% and not CCO. All results displayed are designed flowchart. 
 
Keywords: construction, change order, cost performance, application model. 
 
INTRODUCTION 

Nowadays construction industry keep developing 
and even increases with the demands and needs of the 
project owner and cannot be separated from a variety of 
problems during the implementation of the construction. 
Generally, the activity in construction industry, especially 
project implementation stage can be defined as a 
temporary activity that occurs within a certain time period, 
with the allocation of specific resources to produce 
products with clearly defined quality standards.  

Construction projects generally differ in size, time 
frame consumption  and complexity. However, there are 
some common characteristics. One of these characteristics 
is project change order. As mentioned in [12] Ming et al., 
(2004) stated that these changes are commonly called 
work change order or Contract Change Order. In the 
implementation stage of construction project, the owner 
often asks to make changes at the beginning, middle, or 
end of the project because there is something important 
which requires changes in the design. Changes in a project 
are often the case, especially on construction projects. 
Only few of  the projects have not changed at all stages of 
the project.  

The problem statement  in this study can be asked 
as  follows: 

 
• What are the factors that cause contract change order 
(CCO) on the pier construction projects in North 
Sulawesi?   
• How is the model for controlling CCO in pier project? 
The purposes of this study are:  

 To identify the factors that cause the CCO in  pier 
construction projects in North Sulawesi. 

 To design an application model for controlling 
CCO in the pier construction project in North 
Sulawesi. 

 
Theoretical benefits of the results of this study are 

in the form of the identification of the factors that cause 
CCO in cost performance. They can be used as a basis for 
the development of CCO control model that will 
contribute to the development of science, especially civil 
engineering related to the construction documents. In 
addition, they are beneficial for the development of 
construction management theories in relation to the 
procurement and construction services primarily to the 
implementation of the contract and its amendments. 
Further, these results can also enrich and develop civil 
engineering studies.  

As practical benefits for governments and the 
construction industry, the results of this study can be used 
as an input to optimize the quality of the procurement 
process and civil engineering construction services, 
especially in the management of change order in pier 
construction.  
 
LITERATURE REVIEW  
 
Definition of change order 

As mentioned in [1] Change order is a change of 
complex information that has to be carefully managed in 
order to avoid its consequence that leads to trigger a 
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conflict between the owner and the contractor in terms of 
cost and time performance. Changing the order is not a 
simple thing because it involves all of the construction 
team with a large amount of information that must be sent, 
controlled, inspected, approved, requested, clarified, 
transferred or proposed among other things. Besides, as 
mentioned in [18] O'Brien (1998) states that  change order 
is a formal change on the construction contract that  
includes changes in the scope of work, contract price 
adjustment, and some changes in the schedule for the 
execution of the work. Then, Project Management 
Institute (PMI) defined "Scope as collection of products 
and services that must be provided and stated in a project 
and any changes that occur in the scope of the project 
always requires an adjustment to the cost and time of the 
project, as put forward in [6]. 

Based on definitions above, it can be concluded 
that Change Order is a written agreement signed by the 
owner, the contractor and planners to modify or provide 
changes to the work that has been set in the document 
where these changes can be considered to result in 
adjustments to the cost and time project. 
 
Change order and its effect 

Research on the factors that cause change order and 
their impact on construction projects have been carried out 
in developed countries and developing countries. As stated 
in [14], a study in the residential project in the city of 
Surabaya showed that the factor 'design changes' is the 
factor that most often occurs with a mean value of 1.80 
and is also the most influential factor with a mean value of 
1.58. This factor also has great affects in the time with a 
mean value of 1.38. Furthermore, the same study found 
that the change order has resulted in increasing the cost by 
10% - 20% of the total value of the contract by 51% of 
respondents and in the time implementation delays by the 
number of 10% -20% by 49% of respondents. 

Another study that has been carried out on 8 
projects in the city of Padang, Indonesia, also found that 
the causes of the change order are the 'design changes' or 
'mismatches images' followed by 'addition and reduction 
of work', as mentioned in [8]. Furthermore, the impact is 
experiencing increased cost and time. One of the 8 
projects have additional budget of 17.62% which exceeds 
the requirements by 10%. Besides, as discussed in [7], a 
similar study has been carried out in the T-building 
construction at Petra Christian University to analyze the 
main factors that cause change order. The results of this 
study reveal that the factors 'increase the scope' and 
'unclear details' are the vast majority causes of change 
order. Furthermore, as indicated in [19], a study conducted 
by a team of Construction Industry Institute (CII) Project 
Change Management Research stated that a number of 
items of change order requested by the owner may also be 
one of the factors that influences the cost and schedule 
performance of a project. The influence of these changes 
can be moderated or even result in substantial costs of the 
project that could also lead to a decrease in productivity, 
schedule delays, wasted material in renewal work.  

Another study that has been performed in 
Singapore, as mentined in [12] states  that the factors 
which cause change order can be classified into internal 
factors and external factors. First, internal factors are 
problems in projects, organizations and stakeholders. 
Project issues such as the uncertainty of the project, the 
increasing complexity of the project, inacurate estimated 
cost,  lack of resources availability and change of parties 
involved in the project financial status. Furthermore, 
problems in the organization such as change of the 
management, lack of time and effective communication as 
well as lack of integration between departments. While, 
the issue on stakeholders, such as design errors, 
misunderstanding, or image modifications of project that 
leds to ineffectiveness, lack of project definition by the 
owner, inadequacy of initial project planning, lack of 
communication between the owner, planner and 
contractor. Second, external factors are unforeseen natural 
conditions, government intervention, economic and legal 
issues. 
 Change order can be caused by many factors. In 
each construction project, factors that cause change order 
are not the same, and will never be the same. The 
summary of some research findings identifies 82 factors 
that cause change orders, which are then grouped into 
three groups, which includes:  
 Construction 
 Administration 
 Resources 
 However, several results of studies found that the 
change order will affect construction project cost 
performance. As mentioned in [12] the effect of changes 
in the project are cost project increasing, new experts 
utilization, overhead costs (extra) increasing, decrease in 
quality, reduction in labor productivity, delays in the 
procurement process, reworking and demolition, security 
conditions and delays in the completion schedule. 
Furthermore, as mentioned in [1] the effect of change 
order on the project implementation cost performance can 
be divided into three categories, namely: (1) direct costs, 
(2) an extension of time, (3) the cost of impact, which can 
be described as follow: 
1. Direct costs 
 Labor and overhead cost, materials and temporary 
contracts, construction equipment, time’s supervisors and 
staff is a direct cost. 
2. Extension of time 
 If the adjustment causes the project slowdown, the 
parties involved in the contract will hold additional 
expenses in hiring support staff for the extra time. 
3. The cost impact 
 Cost impacts consist of: (a) the acceleration, such 
as time sharing, overtime, additional shifts, (b) the rhythm 
of work, such as: loss of one day can cause delays during 
the week, (c) moral, for example doubts on the ability or 
firmness consciously or not workers will definitely reduce 
the motivation, slowing production and raising costs. 
 As mentioned in [6] changes in construction 
projects can be predicted, but the potential consequences 
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of the rise of the cost and time of execution must also be 
understood. A project will have a better chance in timely 
and cost effective changes if existing changes are made 
since the beginning of the project. Early completion 
planning stages will provide the opportunity for a project 
to be able to revise its construction ability, which will be 
able to minimize the effect of changes in construction. If 
the project completes the change process early, it can 
increase the ability to effectively manage the changes that 
exist. Thus, all the change process must be managed 
efficiently during planning and design, tendering/bidding 
and construction stages. 
  As mentioned in [11] the effect of change order on 
a construction project often results in productivity loss. If 
there is productivity loss, there will occur a lot of 
additional time and cost of the project. Also, as mentioned 
in [20] in case of change order, there will be the addition 
of labor accompanied by the addition of project 
equipment. While, the Construction Industry Institute 
states that the changes made during the planning stage will 
be more "cost effective". In the case of change order 
control, the contract must specify how the process and 
how to effectively manage the existing change. 
Furthermore, as mentioned in [3] one method to manage 
the change order is to establish good communication and 
cooperation among members of the project team. The 
success of this method can be improved by developing and 
implementing a web based change order system 
management that supports practical documentation, 
communication and integration among team members in 
the work flow change order, as stated in [4].  Meanwhile, 
Motawa et al. state that the inconsistency in the change 
process management will result in a disturbance effect, as 
described in [12]. 
 
STUDY METHODS 
 
Place and time of study 
 This study was conducted in one year period on 
pier projects that were completed in the last 5 years in 
North Sulawesi Province of Indonesia. The methods used 
are literature study and preparation of questionnaires for 
data collection survey. This study starts from the 
collection of secondary data obtained from the Department 
of Transportation in Manado, then the primary data were 
obtained from respondents in contractor companies on pier 
projects in North Sulawesi, Furthermore, processing and 
data analysis used statistical program SPSS-21 
 
Type of methods 
 In order to identify the factors cause that change 
order, this study conducts a quantitative research using a 
questionnaire form as an instrument. This study has three 
variables as independent variables / variables that affect 
and one variable as the dependent variable / variable that 
is affected. Independent variables include Construction 
Factor(X1), Administrative Factors(X2) and Resources 
Factor(X3). Dependent variable that is a cost performance 
(Y). This study was conducted to obtain information about 

the factors that cause the CCO, the level of influence and 
the most dominant factors that influence the cost 
performance of pier projects. While the research method 
used in this study are:  
 
 Field  study 

In this method the researchers describe the case 
that are occur in the field includes social phenomenon that 
exist in an object of research. This method includes 
observing and describing, analyzing measurements of the 
factors that cause the CCO, the level of influence and the 
most dominant factor that influence on the cost 
performance. 

 
 Library research  

This study carried out by collecting materials 
from various literatures relating to CCO, and the cost 
performance. 

In the previous section has been known that the 
variables that are part of this study model interacting 
complex. It is necessary to analyze the relationship 
between each variable into any part of this study model. 

Correlation analysis used in this study measures 
the relationship between two variables. The resulting value 
called the ‘correlation coefficient’ shows that changes in 
one variable will result in changes in the other variable. 
This analysis is based on The Pearson Formula:  
 
   

   2222 YYnXXn

YXXYn
r






                                       (1)

 

 
                 To determine the independent variables which 
are the most dominant can be done by the ‘determination 
coefficient’ of the regression results between independent 
variables and the dependent variable, or the square of the 
correlation between independent bound variables. The 
variable that has the highest correlation square is the most 
dominant influence on the dependent variable. The 
dominant variable can also be known from the largest 
partial correlation results, largest t count, the smallest 
probability of the largest regression coefficient (b). 
 
  Determination analysis is used to determine the 
variation of the dependent variable relationship caused by 
the independent variable with the following formula:  
 

               D = R
2

. 100 %                                                 (2) 
    
 Where:   D = Coefficient of determination 

 R = Multiple correlation coefficient 
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Tabel-1. Guidelines on strength of relationship. 

 
 
 Multiple Linear Regression Analysis is used to test 
whether there is influence between the Independent 
Variable Factors, including Construction Factor(X1), 
Administrative Factor(X2) and Resources Factor(X3) with 
Dependent Variable that is a cost performance (Y).  
Multiple linear regression formula is as follows: 
 
Y = a + β1. X1 + β2. X2+ β3. X3                                   (3)               
  
Where:                      

Y = Project Cost Performance 
X1= Factor Construction 
X2 = Factor Administration 
X3 = Factor Resources 
a = intercept or constant value 
β1, β2 and β3 = regression coefficient 

(source: Sugiyono, 2013) 
 
Between correlation and regression there is a 

close relationship. Correlation techniques are used to 
predict changes in the value of certain variables when 
other variables change. Regression is used for the analysis 
of one variable with another variable  that conceptually 
have a causal or functional relationship. 
 For designing the application model, this study 
used some methods, including: 
 Waterfall method  
 Architecture method which is the method for 

describing  the application system. 
 System performance method that uses black-box 

testing to examine the functionality of the application 
without peering into its internal structures or workings 
in order to see the results when the system is run if the 
system receives data, whether the system responds 
and displays information in accordance with the 
reality without analyzing program data structures. 

 Brainstorming method which is used to disscus 
important data related the application model. 

 
Study flow chart  
 The flow chart of this study as presented in the 
following figure: 
 

 
 

Figure-1. Flowchart of conducting this study. 
 

The study was conducted by collecting data from 
the existing literature in journals and previous studies, and 
field data. Then, arrange the appropriate study variables 
for questionnaires. The validity and reliability of 
questionnaire draft was tested, followed by questionnaire 
distribution activity. The data in the questionnaire survey 
results input into the statistical program SPSS-21. The 
statistical program will process and analyze the data to 
aquire information about: the factors that cause CCO, the 
level of influence of the factors that cause change order in 
cost performance of the pier construction projects and the 
most dominant factors that influence CCO. 

 
Data collection and measurement  

Data collection methods used in this study are as 
follows: 
 
Observation (Observation) 

The authors conducted a survey or direct 
observation of the factors that cause the CCO, which 
includes Construction, Administrative and Resources 
Factor and its influence on the cost performance on pier 
projects in North Sulawesi. 
 
Questionnaire 

The questionnaire was designed to be properly 
responded by respondents related to the objective of the 
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question. The questionnaire contains questions related to 
the factors that cause CCO. The questionnaire distributed 
to the pier projects constructor companies in North 
Sulawesi Province. 
 
Literature review 

Data obtained from all the literature collected and 
selected than processed in order to acquire variables which 
are suitable for determining the factors cause CCO. Then 
the corresponding variables classified and verified to be 
arranged into a questionnaire. Questions questionnaires 
obtained from the preparation of research instruments 
derived from the formulation of the variables. Research 
variables are identified and broken down into sub-
variables / indicators, which are then elaborated into sub-
indicators, and then transformed into an item question. 
Formulation of research aims to describe the variables and 
finding the relationship between the variables, which are 
related or affect each other. 

 
Population and sample  

Population is the whole object of research and the 
whole of the characteristics or the measurement results 
unit of that the research object, as mentioned in [17]. It 
stated that the population is the object or subject located in 
a region and meet certain conditions related to the research 
problem. In this study, the population of the entire project 
is handled by the pier project in North Sulawesi Province, 
Indonesia in the last 5 years (2010-2014). There are 42 
pier projects in this period of time. 

The sample is part of the number and 
characteristics possessed by this population. What is 
analyzed from the sample, the conclusion would be treated 
as a population. Therefore, the sample should be 
representative. In order to attain a representative sample 
size, the calculation using the formula with a precision of 
5%, as mentioned in [20].  The formula is as follows: 
 

       (4) 
 

Where:  n = number of samples 
  N = total population 
  e  = the percentage of precision because the  
         sampling error can be tolerated or used. 

 
The sample size calculation results: 
 

 
 

In this study the sampling carried out on pier 
contractor companies that have qualification  in Gred 5, 6 
and 7. Criteria for determining the qualifications can be 
seen in Table-2 as follow. 
 

 
 
 

Table-2. Qualification of construction company. 
 

 
 
Variable operational definitions and measurement  

This study was conducted by collecting data that 
occur on the field against CCO in pier projects. Factors 
that cause CCO on cost performance in the pier 
construction projects, can be formulated into 2 (two) 
variables that influence each other, include: 
•The dependent variable that is affected is Cost 
Performance (Y) 
•The independent variables that influence the dependent 
variables, include: Construction Factor (X1), 
Administrative Factor (X2) and Resources Factor (X3) 

All statements in variable X are manage as study 
instrument package was a questionnaire that design in the 
Likert scale format with five alternative answers include: 
Very Often (SS), often (S), Rare (J), Ever (P), Never (TP). 
Each answer sequentially given a score: 5, 4, 3, 2, 1. 

 
Questionnaires were given to 38 pier projects in 

North Sulawesi, Indonesia and the data obtained were 
tabulated according to the study variables. Data are 
grouped according to the variables analysis. The results of 
the analysis among Construction Factor(X1), 
Administration Factor(X2), Resources Factor(X3) and 
Cost Performance (Y), can be seen in the tables below. 

 
Research instruments for designing application model 

This study requires several instruments to support 
analysing and designing the application, which are: 
 A set of computer or laptop (minimum Intel 3) 

 
 Software support: Programming languages system 

design.  
Some of the analytical tools are required to assist 

the analysis. 
 Form Flowchart used for analyzing and designing of 

documents required by the system to be developed 
 Flowchart used as a tool for analyzing and designing  

the logical process. 
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Formula:  
 

   (5) 
 
 x = value of variable   
 

   (6) 
 

 x =  total per period  
 n =  total period that account  
 
Flowchart System of the application model 
 

 
 

Figure-2. CCO flowchart system. 
 

Figure-2 is a CCO flowchart system based on the 
analysis. This system used for designing the application 
model for managing and controlling the CCO on pier 
projects in North Sulawesi of Indonesia.  
 
Algorithm model  

The algorithm of the process for determining the 
prediction of percentage CCO that will probably occur, 
which become the result of the analysis can be presented 
in the flowchart CCO prediction process algorithm and 
flowchart CCO prediction process algorithm in the certain 
period as shown below. 
 

 
 

Figure-3. Algorithm of CCO prediction process in the 
certain. 

                 
Figure-3 presents the logic of the process for 

determining the percentage of CCO that will probably 
occur in the pier projects based on 20 variables of study 
results. Total calculation is based on the formula (1). Total 
calculation will produce the number of 0 to 50 and will be 
adjusted to the conditions if larger than or equal to 10, 20, 
30, 40 or 50. The results will predict the project conditions 
in term of CCO that will probably occur. The results can 
be: Not CCO, 25% CCO, 50% CCO, 75% 100% and 
100% CCO. 
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Figure-4. Algorithm of CCO prediction process 
in the total of certain periods. 

 
Figure-4 illustrates a flowchart of CCO 

prediction process in the total of certain periods. It is 
necessary for the CCO prediction prosess in a certain 
period to have  condition in order to obtain the result that 
can be used for  future CCO prediction. Such conditions 
based on the calculation of the average of results in the 
previous CCO. The calculation determines which 
conditions will properly to  produce prediction whether the 
project will have CCO 100%, CCO 75%, CCO 50%,  
CCO 25%, or even does not have CCO. The results can 
be: Not CCO, 25% CCO, 50% CCO, 75% 100% and 
100% CCO. 
 
RESULTS AND DISCUSSION 
 
Results of regression and correlation analysis 

Cost Performance on Pier Project in North 
Sulawesi can be influenced by many factors, both internal 
factors and external factors that interact in complex ways.  
 

Table-3. Correlation and regression analysis. 
 

 
 

It is clear from the table-3 above, the Contraction 
Factor (X1) presents correlation coefficient r = 0.807. This 
shows that this factor significantly has a very strong 
positive correlation with Cost Performance on Pier Project 
in North Sulawesi. Coefficient of Determination r² = 
0.651. This means that 65.1% of Cost Performance is 
influenced by Construction Factor and 34.9% of Cost 
Performance is influenced by other factors. The 
Regression equation: 63.278 + 2,128X1 shows that 
increasing one unit of Construction Factor will increase 
2.128 units of Cost Performance. Regression coefficient of 
2.128 significant at α = 0.05 with a small P value. The 
intercept resulting from the analysis of 63.278 means the 
absence of Construction Factor give 63.278 score of Cost 
Performance. So, it can be concluded that there is 
significant influence between Construction Factor and the 
increasing of cost performance on Pier Project in North 
Sulawesi. 
 
Interface 
 

 
 

Figure-5. Login form. 
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Figure-5 shows the login form. This form is 
required as security models from being used by 
unauthorized. 
 

 
 

Figure-6. Variable filling form. 
 

As can be seen from Figure-6 above, it is clear 
that there are 20 field assessment variables in the form. 
This form is the most important form. It becomes a key 
form for this application model. It is needed to fulfill this 
form for obtaining the prediction of CCO in pier project. 
After the “CHANGE ORDER” button is clicked, the CCO 
prediction will then be generated. 
 

 
 

Figure-7. CCO prediction per day form. 
 

Figure-7 shows the form of CCO prediction 
based on the period that is selected on the date menu. 
Users can select one day for beginning and others for the 
end of needed period in order to know the rate of 
percentage of predictions CCO. 
 
Test 

 

 
 

Figure-8. CCO prediction trial. 
 

Figure-8 above presents a test of application 
model for controlling CCO by fullfiling all variables with 
number three to produce a 50% CCO. This test uses black-
box test method. 
 
DISCUSSIONS 

 The results of study have shown that Factor 
Construction has the most dominant influence on the Cost 
Performance on Pier Project in North Sulawesi, compared 
with Administration and Resources Factor. The correlation 
coefficient r = 0.807 showed that Factor Construction has 
a very strong positive correlation with the Cost 
Performance. The coefficient of determination r2 = 0.651  
indicates that the variation factor in the cost performance 
on Pier Project in North Sulawesi province, 65.10% is 
influenced by Construction Factor while the remaining 
34.90% is influenced by other factors.  

The result also shows that Administration Factor 
has a significant impact on Cost Performance in Pier 
Projects in North Sulawesi. This is consistent with the 
results of the analysis proving that the Administration 
Factor affects the Cost Performance. The correlation 
coefficient r = 0.570 presents that Administration Factor 
has a strong enough positive correlation. The coefficient 
of determination r2 = 0.325 indicates that 32,50%  of  Cost 
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Performance is influenced by Administration Factor while 
the remaining 67.5% is influenced by other factors.  

Further, in Resources Factor, the result presents 
that this factor has also influence on Cost Performance. By 
the correlation coefficient r = 0.558, this factor has a 
strong positive correlation with the Cost Performance. The 
coefficient of determination r2 = 0.312 shows that Cost 
Performance is affected by Resources Factor as great as 
31.2%, while the remaining 68.8% is influenced by other 
factors.  

Analysis results for the influence of Construction, 
Administration and Resources Factor simultaneously on 
Cost Performance found that these three factors 
significantly affect the Cost Performance of Pier Projects 
in North Sulawesi. The results of the analysis in which the 
correlation coefficient r = 0.861 show that all three factors 
have a very strong positive correlation with the Cost 
Performance. The coefficient of determination r2 = 0.741 
shows that the Cost of Performance factors are influenced 
by these three factors simultaneously at 74.10%, while the 
remaining 25.90% is influenced by other factors. 
Therefore, Construction, Administration and Resources 
Factor simultaneously also needed to be put into account 
in order to achieve maximum cost performance. 

Finally, based on 20 variables in three factors that 
cause CCO in pier project in North Sulawesi, Indonesia, it 
is necessary to design an application model for controlling 
CCO. In doing so the managers can be supported to 
manage the project administratively and to predict whether 
or not CCO will propably occur in the project 

When there is a the possibility of having CCO 
then the number of percentage could be predicted by this 
application model. The numbers utilized to assess in this 
application are 1 to 5. This numbers become a benchmark 
for field workers in assessing the project. Then, the 
numbers are entered in the variables form. Black-box test 
method for trial stage produces what is expected by 
presenting the prediction percentage of 100%, 75%, 50%, 
25% and not CCO. All results displayed are designed 
flowchart. 
 
CONCLUSIONS 

From the analysis and discussion in the previous 
sections can be concluded as follow: 
 Statistical analysis results showed that partially 

Construction Factor, Administration Factor and 
Resources Factor significantly influence the cost 
performance. Simultaneously, these three factors also 
significantly influence and have a very strong positive 
correlation with the cost performance. 

 The application model which use the flowchart 
requires a document of field data for supporting the 
process of application. From this process will be 
obtained CCO percentage from which we get the 
CCO prediction of each period. 

 This model can help overcome the problems in 
predicting CCO occurrance and in fast documenting 
for the time to be predicted as required. 
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