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ABSTRACT 

In the construction of buildings usually, problems occur because of the causes of change orders. 

The main causer of change orders is the owners, consultants, and contractors. These changes lead 

to conflicts among them which result in influencing building projects. Therefore, it is necessary to 

analyze the causes of change orders to reduce them and facilitate management. This paper 

determines the most critical factors that cause change orders from a different point of view, a 

consulting owner and a contractor, and a study of the reality of the management of change orders 

when constructing public buildings. The method employed in this research is a field survey using 

interviews with experts working in the construction of public buildings. Furthermore, the 

questionnaire was distributed manually and electronically. 

In conclusion, it would appear that the causes of change orders have been hierarchically according 

to the viewpoint of the owner, contractor, and consultant. The analysis leads to the following 

conclusions: Agreement of viewpoints owners, contractors, and consultants on the critical causes 

of variation orders were: ( the difficult financial situation - change material specifications to benefit 

the project - technical necessity  - the nature of the site). Moreover, the point of view (owners and 

contractors) on the essential factors that cause change orders were: (preparing a bill of quantities 

is inaccurate - weak consultant guess ). In contrast, the consultant's point of view differs, as he 

considers these causes ineffective. It can be interpreted that the consultant sees these factors as 

insignificant because of his duty to implement the bill of quantities and designs. This research 

paper concludes that a complex causal relationship exists between the causes of change orders. 

The relative importance index (RII) for variation order causes varies among different groups' 

viewpoints (owners, contractors, and consultants). 

Keywords: Variation orders, Cause change orders, Field survey, Cause (variation orders) 

breakdown structure (CBS). 
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 الخلاصة
المةلكون  ا سااااااا شاااااااة  ون   همال  بب . الميااااااا   ال مر    ا  . تحدث المشاااااااة ف  ةشي د  تشاااااااببد المرةا  غيااااااا     ا   ال  بب 

 ن الضاا   ي تحلبف   لذلك،. ال شااببد  . تؤشي هذه ال  بب ات إلى ازا ةت فرمة ببنهة  مة يؤشي إلى ال أثب   لى  شااة    المقة لون 
ال   تياااااااا     ا   ال  بب   ن   هة ا    اساااااااارة . تحدش هذه الو قة  هم  ملرة اشا تهة  ال  بب  ل قلبله  تيااااااااهبف  ا ا   ساااااااارة   
اسا شاة ي   قة  . غةافاةدة إلى ش اساة  اق  إشا ي   ا   ال  بب   ند تشاببد المرةا  ال ة ة. ابساةلب  الم ر ة د      ةلك   خ لفة،
كماة تم توي    ال اة اة،المباداا   ن لال  إ  ا   قاةبلت    الخ  ا  ال اة لبن د  تشاااااااااااااابباد المراةا    المياااااااااااااا الرحثراة  ه الو قاة  هاذ

ال   تيااا    المهمةاتفةق ا ا  )الملك  ا سااا شاااة  ون  المقة لونا  لى ال وا ف   اتضااا     الخ ةم،ا سااا  رةن يد  ةإ  تلك   ارةإ. د   
ط ر ة  -الضااا   ي الفنرة    -ل اااةل  المشااا      ا اشاااةمرةت بب  المواصااافةت    -لوفااا  المةل  ال ااا   كةات: )ا    ا   ال  بب   

ك  المقة لبنا حو  ال وا ف ابساااااااااااةسااااااااااارة ال   تيااااااااااا     ا   ال  بب  كةات: ةلالموق  ا.  ل ي  لى ذلك ، دإن   هة ا   )الم
هذه  حبث ي      .  ا س شة ي ف ، تخ لف   هة ا   ا. د  المقةبا س شة ي ف ف تخمبن   -الكمرةت     دا  )ف ف د  إ داش  

هذه الو قة الرحثرة إلى   وش    ببنتال  ااة رم.   غياا    ا ره د  تنفبذ  د   الكمرةت  ذلك    ابساارة  لرياات  ؤث ي. يمفن تفيااب 
بط اف المخ لفة  ببن ا سااارة    ا   ال  بب     ؤشااا  ابهمرة النيااا رة  الا لف   لقة سااا  رة   قدي ببن  سااارة    ا   ال  بب .  

 .هةت ا  همحي      المقة  اك  ا س شة ي )المةل
 .تجزمة  سرة    ا   ال  بب هرفف  المبداا ،المي   ال  بب ،س     ا    ال  بب ،  ا    الكلمات الرئيسية:

 
1. INTRODUCTION 

Change orders result from the owner's confirmed edits to terms and conditions described in a 

project contract (Bolin, 2017). Because of the numerous change or variation orders in construction 

projects, there is necessary to examine which causes (Maluleke, et al., 2019). The construction 

function is linked with modifications because of its complicated nature, leading to variation orders. 

(Muhammad et al., 2015). Change or variation orders are two terms that are usually used 

interchangeably in practice (Jarkas and Mubarak, 2016). Some definitions specify change orders 

as variation orders (Alshdiefat and Aziz, 2018). One of the significant situations facing the 

construction project is a matter of variation orders during the construction phase (Mohammad, et 

al., 2017). The most common reason for conflicts and failures of projects is the change orders 

(Khoso et al., 2019). They are complex to manage without understanding the actual causes of 

change. 

Nonetheless, they can be decreased. Variation orders (change orders) are often the causality of 

project delays and overreaching the project budget. (Czemplik, 2017). The variation became part 

of construction projects, and it is irregular that any project is carried out according to its intent, 

which creates challenges for the project parties (Ahmed et al., 2016). Change orders are a primary 

cause of construction claims (Jarkas and Mubarak, 2016), contributing to time-consuming and 

costly negotiations between owner and contractor. Therefore, it is essential to manage change 

orders properly to avoid or lessen their negative influences (Handayani, et al., 2019). Variation 

orders are issued to adjust the scope of work because differences during the construction of projects 
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are unavoidable (Endris Yadeta, 2016). Variation orders are " allowing changes or modification 

to be incorporated into an earlier agreement made by both parties either in terms of quantity or the 

nature of a task to be implemented, where these variations nevertheless occur after the award of 

the contract or after work might have initiated at the sites " (Sani and Gidado, 2014). If there is 

no change in a project, its total original bid is what the contractor will gain at the ending project. 

Nonetheless, this is seldom the matter, and final payments made to the contractor are almost never 

similar to the earliest bid (Shafaat et al., 2016). The potential impacts related to variation orders 

were delays in the completion schedule, an increase in cost, poor professional relationships, and 

disputes between parties (Ghenbasha et al., 2018) .  After the owner's approval, the engineer could, 

at any time, before the issue of the initial work delivery request to conduct variation in the works, 

either via instructions or by request to the contractor, who must submit a suggestion for 

consideration. The contractor ought to implement the variation order unless he offers notice to the 

engineer, supporting the details. The contractor informs him of his inability to obtain the 

implementation requirements required to implement the change works on time, or this change 

significantly affects the progress of the work. When the engineer receives such notices, the 

engineer should cancel, prove or amend his instructions (The Government Contracts 

Implementation Instructions (2), 2014; Standard Bid Documents, 2016). In this research paper, the 

most critical root causes of change orders will be identified, and investigate a statistically 

significant relationship among the answers of the owner, contractor, and consultant. 

 

2. PREVIOUS STUDIES  

Various researches have been established to determine and prioritize the variation order s causes. 

A questionnaire was organized and distributed to different respondents to acquire information 

concerning the causes and influences of variation orders, and the gathered information was 

analyzed using (RII) method (Onkar, 2015). (Sani and Gidado 2014) conducted a preliminary 

survey on the identified causes in literature, and the respondents were asked to tick the most 

common occurrence within the study area generally. That study reported that change in 

specification (MS = 23.28), change in design (MS = 19.98), and change in government regulation 

(MS = 19.44) are the most significant factors causing variation order in the study area. It concluded 

that consultant and client-related changes with (MS =117.90 and 115.62) were the main origins of 

variation orders. (Staiti and Othman, 2015) identified the major causes of variation in 

construction projects in the West Bank and the impacts of variation orders on the Palestinian 

construction project and assessed the existing traditional ways of variation orders management at 

the companies of construction in the West Bank. Generally, the study showed that variation orders 

appeared more frequently in adding new works: increasing work quantities by adding new 

activities. Also, results showed that the main source of changes is the owner. (Khan, 2016) 

suggested a framework for change orders management in the construction project by examining 

the various causes of change orders and their influences on cost, duration, and quality. Also shown, 

three causes of change orders are "Change in specifications by the owner", "Change of plans or 

scope by the owner", and "Poor project planning by the contractor". (M. Fadl and H. Nassar, 

2017)) Conducted a model by determining the causes of variation orders in construction projects 

in Egypt and investigated the influence of variation orders on the construction project. (Alhilli, et 

al., 2021) investigated the causes of change orders, as illustrated in Table 6, Table 7, Table 8, 

Table 9. It is shown a hierarchical structure comparable to the work breakdown structure is called 

cause (variation orders) breakdown structure. (CBS). It is defined as a tool describing the 

hierarchical structure of variation orders causes, and it is represented from 1st to 3rd levels (C, C1, 

C2)..Ali (2022) specified the causes of change orders in projects implemented between 2007-and 
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2014 in the Erbil governorate (Ali, 2021). (Mohammed, 2016),(Wali and Saber, 2019),(Ismaeel 

and Naji, 2021), (Ahmed et al., 2017), (Alaryan et al., 2014), (Enshassi, et al., 2010), (Memon, 

et al., 2014),(Khanzadi, et al., 2018) classified the causes for change orders according to the 

causative, (owner, consultant and contractor, other). and their classification doesn’t include 

(designs - contract - project management - administrative aspects - materials - equipment - site 

conditions - external factors - safety aspects). So, there is a research gap, and previous research 

showed the causes of variation orders independent. On the other hand (Khanzadi, et al., 2018), 

(Alhilli, et al., 2021) confirmed the interrelationships among the causes of change orders. We 

argue that previous literature suffers from certain weaknesses in determining the (RII) for the 

essential root causes of variation orders. Because previous studies assumed that change orders 

were independent. In spite of some previous studies assuming that the causes of variation orders 

are interrelated, which could not calculate (RII) of the root causes of variation orders from the 

point of view of the owner, contractor and consultant. 

 
3. PROBLEM STATEMENT AND OBJECTIVES 

Because of the adverse impacts of variation orders represented in the deviation of cost, duration, 

quality, and project performance, it is necessary to analyze the critical causes of the variation 

orders to reduce them. In general, the problem can be addressed by calculating the (RII) of the 

variation orders causes according to causative ((owner-contractor- consultant - designs - contract 

- project management - administrative aspects - materials - equipment - site conditions - external 

factors - safety aspects)). The management of change orders during the construction of public 

buildings was studied using field investigation. The aim here is to investigate a statistically 

significant relationship between the owner, contractor, and consultant answers. 

 

4. METHODOLOGY 

The research methodology is illustrated in Fig. 1. The primary pursuit of this paper is to specify 

the critical causes for the occurrence of change orders in construction projects. While to achieve 

these objectives, this study was divided into five stages. In the first stage, the qualitative approach 

was represented by a field survey (interviews) with experts specializing in the construction of 

public buildings. In the second stage, the quantitative method was described by (questionnaires) 

and consisted of questionnaire development. In the third stage, The final form of the questionnaire 

was distributed manually and electronically and collected the data. In the fourth stage, descriptive 

statistics were conducted using the (RII) after the data were collected. In the fifth stage, inductive 

statistics were performed using a statistical test one-way analysis of variance (ANOVA). The 

post_test  Tukey's test was conducted to determine different groups' viewpoints (owners, 

contractors, and consultants). These stages are described in detail as follows. 

 

4.1 Interviews  

Interviews were executed with experts and specialists in constructing the school, industrial, 

educational, and health buildings. The experts were selected according to their jobs, representing 

the owner, consultants, and contractors. The purpose is to determine the most critical causes for 

change orders depending on the type of contract and delivery system. 

 

4.2 Questionnaire development  

First, a questionnaire was prepared based on literature studies and interviews. The questionnaire 

included general information and managing change orders. The general information contained data 
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related to the governmental institution, employment, qualification, specialization, practical 

experience, project type, contract type, and the delivery system. 

 

 

Figure 1. Research Methodology 

Managing change orders included general information, the factors causing change orders, and 

general questions. Secondly, before conducting the closed questionnaire on the target respondents, 

a trial and validation of the questions were conducted. SPSS V. 24 program was used for statistical 

analysis in this research paper. 

 

4.2.1 Reliability and internal consistency  

A pilot test (a short-scale test conducted in preparation for the main study, where a sample size of 

10–20% of the sample required for the actual field investigation ) was conducted to establish the 

questionnaire reliability (Jarkas and Mubarak, 2016). The questionnaire, consequently, was 

assigned to 25 respondents (nearly 19% of the sample size). Cronbach's alpha equation was used 

to ensure the consistency of the study tool on the pilot sample size. It was excluded from the total 

sample. Table 1 shows the reliability coefficient. 
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Table 1. The reliability coefficient Cronbach's alpha 

Factors causing change orders 

Causes Sub causes Consistency 

C1 19 0.89 

C2 10 0.916 

C3 11 0.845 

C4 13 0.873 

C5 9 0.845 

C6 11 0.934 

C7 9 0.768 

C8 5 0.852 

C9 9 0.793 

C10 2 0.748 

C11 5 0.738 

C12 10 0.755 

total 113 0.964 

 

The questionnaire enjoys a high degree of reliability. According to the Nani scale (0.7) (Nunnally, 

et al., 1994), as a minimum, it can be trusted in the field survey. It is clear from Table 2 that the 

overall stability coefficient of the questionnaire axes is high as it reached (0.964) while the stability 

of the axis ranges between (0.738-0.934). 

 

Table 2. The internal consistency validity of the questionnaire 

Factors causing change orders 

Causes Sub causes Correlation coefficient Significance value 

MAX. MIN. 

C1 19 0,793 0,282 0,001 

C2 10 0,885 0,680 0,001 

C3 11 0,782 0,412 0,001 

C4 13 0,805 0,325 0,001 

C5 9 0,8 0,411 0,001 

C6 11 0,89 0,618 0,001 

C7 9 0,746 0,275 0,001 

C8 5 0,9 0,677 0,001 

C9 9 079 0,492 0,001 

C10 2 0,914 0,877 0,001 

C11 5 0,797 0,609 0,001 

C12 10 0,228 0,763 0,001 

 

The internal consistency validity of the questionnaire was checked by calculating the Pearson 

correlation coefficient, as shown in Table 2. It was concluded from the results of the internal 

consistency stability that the questionnaire has a high degree of stability and validity of internal 
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consistency. However, the final form of the questionnaire was distributed manually and 

electronically. 

4.2.2 Data Collection  

The minimum questionnaire sample size was determined based on Eq. (1) (Thompson, 2012). 
Applying Eq. (2) to select the minimum sample size according to the work jobs is possible. Table 

3 shows the minimum sample size required. 

 

Table 3. The minimum questionnaire sample size 

 N  Minimum 

(𝒏𝒊)  
Selected sample 

size  

Ministry of Higher Education 

The University of Baghdad and University of Kufa 70 48 50 

Ministry of Health 

Baghdad Health Directorate - Al-Karkh 24 16 16 

Ministry of Education 

The General Directorate of Education in Baghdad, 

Al-Karkh 3rd 

40 27 27 

Ministry of Industry 

Engineering Center Department 25 17 20 

Industrial Cities Department 24 16 20 

Total 183 125 133 

 

𝒏 =
𝑵×𝒑(𝟏−𝒑)

[(𝑵−𝟏)×(𝒅𝟐÷𝒛𝟐)+𝒑(𝟏−𝒑)]
                )1 ( 

 

Where 𝑵 is the population size, 𝒏 is a sample size, 𝒛: The standard score corresponding to the 

significance level is 0.95 and is equal to 1.96, 𝒅: Error rate = 0.05, 𝒑: response distribution. When 

applied in Eq. (1), 𝑛 must be taken with a sample size of at least 125. 

 

𝒏𝒊 =
𝑵𝒊

∑ 𝑵
𝒋
𝒊

× 𝒏                  )2) 

 

Where 𝒏𝒊: the minimum sample size required, 𝑵𝒊: The size of the population in the institution, 

𝑵: The total size of the population in all institutions, 𝒏 = 125 

 

5. RESULTS  

Data analysis employs two primary statistical methods: descriptive statistics, which summarise 

data using indices such as mean and median, and inferential statistics, which draws conclusions 

from data using statistical tests. 

 

5.1 Descriptive Statistics  

Fig. 2 shows respondents' information, and Table 4  illustrates  the type of building projects, 

contracts, and delivery systems. 
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Figure 1. The information of respondents 
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Table 4 shows that the contract type in public building projects is the bill of quantities, whereas 

the method of carrying out a general contractor and design and build. 

 

Table 4. The type of contract and delivery systems 

No. Type Responses Percent 

Contract 

1 Lump Sum 64 35.8% 

2 Bill of Quantities 113 63.1% 

3 Unit Price 2 1.1% 

Delivery systems 

1 General contractor 101 59.4% 

2 Design and Build 69 40.6% 

 

(RII) was used to analyze the collected data for each question, with a five-point Likert scale 

quantified by Eq. (3), Eq. (4) (Jarkas and Mubarak, 2016). 

𝑅𝐼𝐼 = (∑
𝑊

𝐴𝑁
) × 100                 (3) 

 

𝑅𝐼𝐼 =
5(𝑚5)+4(𝑚4)+3(𝑚3)+2(𝑚2)+(𝑚1)

5×𝑁
               (4) 

 

Where 𝑊: The respondents' weight given to each item ranges from (1-to 5). For example, one is 

the least implying (Never), and five is the highest implying (Always). 

𝐴: The highest weight (5 on a five-point Likert scale) 

𝑁: The total number of respondents. 

(m1; m2; m3; m4; and m5) : The number of respondents selected (Never – Rarely - Sometimes - 

Often - Always) respectively. Table 5 illustrates (RII) general information about change orders. 

 

Table 5. Illustrates (RII) general information 

N General information about change orders Mean Std. Deviation (RII) 

Change order type 

1 Increase quantities 4.01 0.88 0.802 

2 Create 3.65 0.87 0.73 

3 Reduce quantities 3.39 1.09 0.678 

4 Delete 3.35 1.04 0.67 

5 Modify a specification (delete and create) 3.17 0.83 0.634 

Change order work 

1 Civil 4.22 0.92 0.84 

2 Electrical 3.74 0.8 0.75 

3 Plumping 3.17 1.02 0.63 

4 Mechanical 3 0.88 0.6 

5 Architectural 2.71 1.04 0.54 

The size and number of change orders increases 

1 With the size and complexity of the project 4.08 0.81 0.82 

2 With an increase in the bid amount 3.18 1.22 0.64 
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Table 6. Illustrates (RII) general information (continue) 

The beneficiary of the change orders 

1 
The contractor will benefit more from change 

orders 
3.49 1.03 0.7 

2 The owner will benefit more from change orders 3.31 1.21 0.66 

3 
None of the three parties will benefit from change 

orders 
2.65 1.1 0.53 

4 
The consultant will benefit more from change 

orders 
2.53 0.98 0.51 

 

Fig. 3 showed general questions about the reality of managing change orders in public institutions. 

Table 6, Table 7, Table 8, and Table 9 illustrated (RII) the factors causing variation orders 

according to the views of the owner, contractor, consultant, and overall. (T) 

  

  

 

Figure 2. General questions about the reality of managing change orders 
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5.2 Inductive statistic  

Inductive or inferential statistics conclude from data using statistical tests like one-way analysis of 

variance, which can be used to compare three groups (owners, consultants, and contractors). 

 

5.2.1 Research hypotheses  

The null hypothesis was assumed: There are no statistically significant differences among answers 

(owners, consultants, and contractors).  

𝐻𝑜: 𝜇𝑂 = 𝜇𝐶𝑆 = 𝜇𝐶𝑂          (5) 

𝐻𝑎: 𝜇𝑂 ≠ 𝜇𝐶𝑆 = 𝜇𝐶𝑂          (6) 

𝐻𝑎: 𝜇𝑂 = 𝜇𝐶𝑆 ≠ 𝜇𝐶𝑂          (7) 

𝐻𝑎: 𝜇𝑂 ≠ 𝜇𝐶𝑆 ≠ 𝜇𝐶𝑂          (8) 

Where : 𝐻𝑜 the null hypothesis, 𝐻𝑎 an alternative hypothesis,  𝜇𝑂 mean dependent variable cause 

(variation orders) breakdown structure (CBS) from the owner's point of view, 𝜇𝐶𝑆 mean dependent 

variable (CBS) from the consultant's point of view, 𝜇𝐶𝑂 Mean dependent variable (CBS) from the 

contractor's point of view,  𝛼 = 0.05(𝑠tatistical significance level 5%). 

If the sample size is more than 30,  the data can be normally distributed (Shrestha and Maharjan, 

2018). On this basis, a Parametric statistics test (ANOVA) was conducted among the independent 

variable (owners, consultants, and contractors) and the dependent variable cause (variation orders) 

breakdown structure (CBS). Statistical significance was level 5%. Table 10 shows the reasons for 

statistically significant differences between the answers of the sample members. Nevertheless, the 

post-test (Tukey's test) was conducted to determine differences among different groups' viewpoints 

(owners, contractors, and consultants). 

 

Table 10. Differences among the answers of the sample members. 

Dependent 

variable 

Independent 

variable(I) 

Independent 

variable(J) 

Mean 

Difference (I-J) 

ANOVA 

(p-value) 

Post hoc.  

(p-value) 

C.1.14 

owner consultant 0.20 0.008 .709 

contractor owner 0.74  .013 

contractor consultant 0.94  .013 

C.2.1 

owner contractor 0.27 0.001 .540 

owner consultant 0.95  .001 

contractor consultant 0.67  .102 

C.2.2 

owner contractor 0.17 0.008 .820 

owner consultant 0.90  .005 

contractor consultant 0.73  .122 

C.2.3 

owner consultant 0.06 0.046 .981 

contractor owner 0.74  .043 

contractor consultant 0.79  .101 

C.2.5 owner contractor 0.33 0.023 .482 
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Dependent 

variable 

Independent 

variable(I) 

Independent 

variable(J) 

Mean 

Difference (I-J) 

ANOVA 

(p-value) 

Post hoc.  

(p-value) 

owner consultant 0.77  .021 

contractor consultant 0.43  .466 

C.2.6 

owner consultant 0.91 0 .001 

contractor owner 0.39  .251 

contractor consultant 1.30  .000 

C.2.7 

owner consultant 0.85 0.006 .011 

contractor owner 0.23  .712 

contractor consultant 1.08  .012 

C.2.8 

owner contractor 0.66 0 .052 

owner consultant 1.53  .000 

contractor consultant 0.87  .041 

C.2.9 

owner contractor 0.59 0 .143 

owner consultant 1.31  .000 

contractor consultant 0.72  .162 

C.2.10 

owner contractor 0.99 0 .001 

owner consultant 1.07  .000 

contractor consultant 0.07  .976 

C.3.1 

owner contractor 0.24 0.008 .672 

owner consultant 0.88  .005 

contractor consultant 0.64  .181 

C.3.2 

owner consultant 1.01 0 .000 

contractor owner 0.08  .953 

contractor consultant 1.08  .003 

C.3.7 

owner contractor 0.64 0.019 .106 

owner consultant 0.72  .053 

contractor consultant 0.08  .977 

C.3.8 

owner contractor 0.75 0 .019 

owner consultant 1.28  .000 

contractor consultant 0.53  .280 
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Dependent 

variable 

Independent 

variable(I) 

Independent 

variable(J) 

Mean 

Difference (I-J) 

ANOVA 

(p-value) 

Post hoc.  

(p-value) 

C.3.10 

owner contractor 0.33 0.001 .500 

owner consultant 1.05  .001 

contractor consultant 0.73  .122 

C.4.1 

owner contractor 0.59 0.007 .032 

owner consultant 0.54  .049 

consultant contractor 0.05  .984 

C.4.2 

owner contractor 0.79 0.001 .003 

owner consultant 0.49  .088 

consultant contractor 0.30  .571 

C.6.7 

owner consultant 0.45 0.004 .114 

contractor owner 0.54  .052 

contractor consultant 0.99  .002 

C.7.1 

owner contractor 0.33 0.001 .291 

owner consultant 0.81  .001 

contractor consultant 0.49  .180 

C.12.7 

owner contractor 0.18 0.007 .725 

owner consultant 0.75  .005 

contractor consultant 0.56  .153 

 

6. CONCLUSIONS  

In conclusion, it would appear that the contract concluded in the construction of the buildings is 

the bill of quantities. In contrast, the lump sum is used on a small scale. The main conclusion that 

can be drawn was an agreement of viewpoints (owners, contractors, and consultants) on the critical 

causes of variation orders were :  

The delay in the payment (c.1.5) – the challenging financial situation (c.1.6) - deficiency in 

checking project documentation (c.1.10) - modification specifications of material to benefit the 

project (c.7.4) - technical requirement (c.7.6) - construction necessity (c.7.7) - the absence of 

understanding among the project parties (c.9.1)- defeat to provide the modified designs within the 

limited time (c.9.2) - The nature of the worksite (c.11.1)- transgressors on the worksite (c.11.2) - 

the worksite situation (c.11.3), and emergency conditions (c.12.6). 

Moreover, the point of view (owners and contractors) on the essential factors that cause change 

orders were : 

A deficiency of experience and knowledge of materials in the market (c.2.7) - preparing a bill of 

quantities is inaccurate (c.2.8) - weak consultant estimate (c2.9) - shortage of clarity designs and 

specifications (c.3.1) - insufficient contract preparation (c.6.5) - inaccurate the contract review  
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(c.6.6) - contract does not involve all elements of the project (c.6.7) - unavailability of the required 

materials (c.7.1) - variation specifications of material for the benefit of the project (c.7.4) On the 

other hand, the consultant's point of view differs, as he considers these causes ineffective. It can 

be interpreted as the consultant seeing these factors as insignificant because of his duty to 

implement the bill of quantities and designs. 

Finally, the contractor was the most advantageous party to issue a variation order, followed by the 

owner and the consultant. However, we have shown a complex causal relationship between the 

causes of variation orders, and their (RII) varies among the different parties ( owner, contractor 

and consultant). 

Future research could examine the causal interrelationship between the causes of variation orders 

according to three points of view owners, contractors, and consultants. Investigating the 

relationship of the variation order with the cost and type of contract of projects for public buildings 

is an interesting topic for future work. 
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