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Abstract  

In this report a model is constructed to estimate the project effort for projects in the baggage handling 

systems industry. This model is able to produce rough estimates using the project’s complexity 

characteristics such as size, technology novelty, and country experience. Models were created using the 

analysis of variance method of Kitchenham (1998) and the principal component regression of Chan and 

Park (2004). Because of the endogenous nature of budget, also other size measures are used. The 

performance of these different measures are estimated using a validation set. The results indicate that the 

model with principal component regression and budget results in the best performance.   
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Management summary 

Problem introduction 

Vanderlande Industries (VI) is active in increasingly bigger and more complex projects. These projects 

greatly influence the workload of VI’s resources. To adjust the workforce to the future workload, it is 

important to predict this future workload. However, the pricing tool requires a detailed layout to predict the 

workload bottom-up. This amount of detail cannot be used for many of VI’s leads. Therefore, a quick top-

down method is needed to capture the effect of these leads on the future workload.  

During the lead phase only rough project characteristics are known. Therefore, the estimation method 

should use this information to produce the estimates of the required effort. However, VI does not know 

which characteristics mostly affect this effort. Therefore, the following problem statement is used: 

“There is limited knowledge available within VI of project characteristics influencing the required effort 

per project” 

To solve this problem a literature review was executed first to create a conceptual model and to find 

estimation methods which are able to produce the required estimates. 

Literature 

Project effort depends on a project’s difficulty. This difficulty rests in the complexity of the project. 

Therefore, a project complexity perspective is adopted, where projects characteristics are found in the 

complexity of the project. This complexity is defined by three dimensions: complexity of faith (i.e. project 

novelty), complexity of fact (i.e. project size), and complexity of interaction (i.e. interfaces between and 

within the project team and its stakeholders). These dimensions can be used to classify various project 

complexity factors. 

Two methods (i.e. stepwise analysis of variance (ANOVA), principal component regression) which can be 

used to create a model are found. These methods have proven themselves in the software and construction 

industries. 
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Research method 

The different project complexity drivers were translated to 36 measurable VI items (e.g. field type) using 

interviews with various functions within VI. Data of these items was collected via a survey. The survey 

was send to 64 team members (project manager, integration manager, or project leader engineering) of 32 

projects, which enabled us to compare the answers and validate the questionnaires in case of a significant 

difference in the answers. 

Data of the project effort was collected via VI’s database and the hours were classified using VI’s WBS 

structure in the following activities: project management, integration management, supply chain / 

procurement, project leader engineering, mechanical engineering, low level controls, high level controls, 

site management.  

Results 

The two methods result in similar models. Almost all activities include budget in their models. However, 

budget can be seen as an endogenous variable and therefore also models are constructed without budget. 

The models without budget still include similar variables, but their predictive performance is lower. 

Therefore, budget is included. 

The remaining models also use technology novelty for controls related activities as integration 

management, low level controls, and high level controls and country experience for the site manager effort. 

The ANOVA method includes the difficulty of the consultant as an extra dependent variable for project 

management. 

After comparing the predictive performance of both the ANOVA and the principal component regression 

method, the principal component regression model is selected as the best model with an absolute percentage 

error of 37,22%. 

Conclusion and recommendation 

A quick forecasting method for project effort, which uses only rough project characteristics, is possible. 

This research shows how many variables can be found with a significant impact on the number of hours of 

a project. All three project complexity dimensions affect project effort. However, their effect can be 

different per activity. The effect of complexity of fact is ubiquitous, since it influences all activities. This 
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dimension can best be captured by using the project’s budget. The influence of complexity of faith focuses 

on controls related activities as integration management, low level controls, and high level controls. And 

complexity of interaction is used for interaction related activities as project management and site 

management. 

However, using these variables for predictions is a different story. The results indicate there is still room 

for improvement. Especially the integration management and high level controls activities have large 

forecasting errors and might need more data to create specialized models. But more improvements can be 

made. Technology novelty can be split into controls and mechanical novelty and the difficulty of the 

brownfield also needs more specification to be able to improve the measure the impact of the variable. Also, 

project effort were not recorded consistently (e.g. integration management hours found between project 

leader engineering hours), which clouded the data set. 

Although the forecasts might have difficulties with the uniqueness of VI’s projects, the model can project 

the best guess of the project effort based on the average trend within VI. The advantage of the model does 

lay in its accuracy, but in its speed and applicability during the project lead phase. Also, when the model is 

used for multiple projects, the error decreases due to averaging (average percentage error of -2,21% for 

current validation set of six projects). This is especially useful, since resource management requires an 

overview of all future projects to estimate the required resource capacity for the different activities. 
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1 Introduction 

1.1 Background information 

The use of projects and project management continues to grow in our society and its organizations 

(Meredith & Mantel, 2010). This growth has resulted in the creation of project-based organizations (PBO), 

which rely on projects to carry out their business activities. A PBO is effective at dealing with non-routine 

complex tasks, flexibly responding to changing client’s needs, and integrating diverse bodies of knowledge 

(Nightingale, Baden-Fuller, & Hopkins, 2011). PBO’s projects can be defined as one-time jobs that have 

definite starting and ending points, clearly defined objectives, scope, and (usually) a budget (Lewis, 1995). 

This research focusses on finding the characteristics of these projects which can be used to estimate the 

required effort of these projects. 

Forecasting the required effort for the PBO’s unique projects can be a difficult endeavor, especially in the 

beginning of the project when only rough characteristics are known. These characteristics can be found in 

the project complexity. This complexity originates in a variety of factors. Geraldi & Adlbrecht (2007) 

classify complexity because of size as “complexity of fact”, complexity because of novelty as “complexity 

of faith”, and complexity because of interfaces between humans as “complexity of interaction”. The second 

type of complexity is more difficult to measure and is less used in literature. As Blindenbach-Driessen & 

Ende (2006) state: “there is a limited availability of publications on innovation management in project-

based firms”. 

Apart from this project-specific complexity, a project can also be affected by the external complexity of its 

environment. An increasing number of projects is occurring across international borders. These projects 

carry an additional risk. These additional risks, called country risks, involve risks arising from a variety of 

national differences in economic structures, policies, socio-political institutions, geography, and currencies 

(Bouchet, Clark, & Groslambert, 2003). 

The current literature on project management and forecasting in PBOs rarely discuss the influence of 

project’s novelty on project outcomes. This thesis tries to bridge this gap between innovation management 

and project management by providing a model of the project characteristics (including novelty) influencing 

project effort and validating the model using a company dataset. 

 



 

 

 

2 

 

1.2 Company background 

Vanderlande Industries (VI) designs and installs automated material handling systems and related services. 

The company operates in three markets: the markets of baggage handling at airports; the automation of 

warehouses and distribution centers; and sorting solutions in parcel and postal facilities. This research 

focuses on the baggage handling department of VI. VI is world leader in the baggage handling systems 

(BHS) industry and moves 3.2 billion pieces of luggage around the world per year. Its systems are active 

in 600 airports, where the main target customers are International and Hub- Airports and Airports with over 

5 Million passengers annually. 

The BHS is used by airports to execute the process of transporting baggage from and to the airplanes. This 

process is described in Figure 1. The process starts at the check-in. Here, the baggage is given a barcode to 

be able to keep track of it in the system. Next, the Hold Baggage screening Section (HBS) checks for the 

presence of objects that could endanger an aircraft flight. Then, the bag is sorted for its flight or stored until 

the time is right for the make-up phase. This next phase consists of loading bags into dollies or containers 

and make them ready for transportation to the airplane, where the plane is finally loaded. If a plane lands 

at an airport, it is first unloaded. Then, the baggage flows through the system again in case of a transfer 

flight. Otherwise, the baggage is transported to customs, whereafter the customer can claim his bag. 

 

Figure 1 Process overview 

VI is a project-based organization, where each BHS is constructed in a project with its own planning and 

organization. However, some general features can be identified. A project team (Figure 2) has three critical 

roles. The Project Manager (PM) has final responsibility and is present during the entire project. The Project 

Leader Engineering (PLE) controls the different engineering disciplines. The Integration Manager (IM) is 
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responsible for identifying and testing for risks. These three roles are often completed by a Site Manager 

(SM), who guides the installation of the system. 

PM

Project 

core team

End responsible

(commercial & technical)

manage contract, primary 

contact to customer, 

Deliver a system with the right 

solutions, with the right quality

System design, test, integrate 

Deliver a project 

on time, on budget

Manage scope, planning, 

budget 

Integration 

team

Engineering 

team

PLE IM

 

Figure 2 Project core team 

The projects are also subject to the same sequence of project phases (Figure 3). During the design phase, 

hardware and functionality are chosen to match the customer’s requirements. The next phase (engineering) 

specifies in detail the mechanical and controls equipment, which are supplied by VI’s own factory and its 

suppliers. When the equipment arrives, the installation phase commences. After installation of the 

equipment, it is commissioned and in the final phase the functionality of the BHS is tested and proved. 

 

Figure 3 Project phases 

VI uses its Computer Aided Pricing (CAP) tool to create a sales price. This tool contains all data that can 

be attributed to a product (e.g. engineering hours, production hours, material costs, shipping volume, power 

consumption, installation hours, commissioning hours, etc.). A product is a piece of hardware available for 

implementation in a VI system. This data is then used to calculate the hardware related activities (e.g. 

mechanical engineering, controls). Project activities are calculated next based on project requirements (e.g. 

project type, lead time, commodities). These activities are combined in the Project Pricing Sheet (PPS), 

where extra factors for risk and contribution margin are applied to come up with a final sales price. These 

estimates can be classified as bottom-up estimates, which can take place after the project has been defined 

in detail (Larson & Gray, 2011). 
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1.3 Problem description 

VI is active in increasingly bigger and more complex projects. These projects greatly influence the 

workload of VI’s resources. To adjust the workforce to the future workload, it is important to predict this 

future workload. This is especially important, since VI acts in a knowledge-intensive industry, where it 

takes time to get new employees up to speed. Also, sales keeps record of their leads of future projects 

(including expected price and timing) and expects an increase of VI’s project portfolio. 

However, the CAP tool requires a detailed layout to predict the workload bottom-up. Bottom-up estimates 

focus on the work package level and add together the cost elements of the different packages (Larson & 

Gray, 2011). This amount of detail cannot be used for many of VI’s leads, which are stored in VI’s 

Customers Relationship Management (CRM) system. Therefore, a quick top-down method is needed to 

capture the effect of these leads on the future workload. At the moment, the workload of these leads are 

taken into account by the operation managers using their experience. They include the project 

characteristics implicitly, but these effects are not measured and defined. Therefore, the following problem 

statement is proposed: 

“There is limited knowledge available within VI of project characteristics influencing the required effort 

per project” 

This problem also forms the center of the associated cause-and-effect diagram: 

 

Figure 4 Cause-and-effect diagram 
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1.4 Research question 

The problem statement can be used to find the research question for this master thesis. The required effort 

is defined more broadly as “project effort”, since the results will not only consist of an estimation tool, but 

also reflect the influence of the project characteristics on project effort in general. This leads to the following 

question: 

“How do project characteristics influence project effort?” 

This question has both theoretical and practical relevance: theoretically by its assignment to find and test a 

model for the relation between project characteristics and project effort, which can contribute to our 

knowledge of projects in PBO’s and practically by finding a method to make quick predictions of the 

required workload during the lead phase of a project. 

In order to answer the research question, a literature study has been conducted first to investigate the current 

state of research on project complexity and forecasting techniques. The goals of this study were threefold: 

1) create a conceptual model to characterize projects, 2) find various forecasting methods (i.e. statistical 

techniques) to use the characteristics in forecasting project effort, and 3) find gaps in literature this study 

could contribute to. 

1.5 Scope 

A clear trade-off has to be made between the level of depth and the project scope. Therefore, it is important 

to define what to include and why.  

The assignment focusses on VI’s baggage projects. Of these projects, only the normal and major projects 

are included (so no service projects) with a value larger than €1 Million and a start date after 2010. This 

makes sure only comparable projects are included (i.e. projects with engineering, not too small, without 

outdated technologies), where VI constructs a complete, integrated BHS solution for its customer. The 

comparability is important for the data analysis. This resulted in a total of 32 projects.  

Of the 32 projects, this research focused only on the following activities: project management, integration 

management, project leader engineering, low level controls, high level controls, mechanical engineering, 

site supervision, and procurement.  Some activities (i.e. site installation, manufacturing) are excluded from 

the scope because they can be outsourced and in that case the realized hours are often unobtainable, others 
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(i.e. sales, service) can not be seen as part of the project and are mostly excluded from the contract (i.e. the 

scope of the project). 

This focus was in line with VI’s interests. 

1.6 Outline 

The set-up for this thesis follows the path towards the answer of the research question. This path starts with 

a literature study to provide a conceptual model for the research. Next, the research methodology describes 

how this model will be used for the collection and analysis of data. Chapter 4 presents the results of the 

research, whereafter chapter 5 presents the conclusions based on these results.  
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2 Literature 

This chapter describes a project by its characteristics and reflects on different forecasting methods, which 

could use these characteristics for forecasting the project effort. Each paragraph answers one of the 

following research questions: 

1. Which complexity types are described in literature? 

2. Which forecasting method can be used for this research? 

3. Which related research gaps can be identified? 

2.1 Project complexity 

A project can be defined as a temporary endeavor undertaken to create a unique product or service 

(Meredith & Mantel, 2010). Complexity is at the root of the concept of projects, since the factors that 

determine the realization of a project include the complexity never seen before in its design, development, 

and implementation (Yugue & Maximiano, 2012). This complexity defines a project’s difficulty and 

thereby determines the project effort. Therefore, a project complexity perspective is adopted, where the 

projects characteristics are found in the complexity of the project. 

Project complexity has become a widely discussed topic. This has led to a variety of studies using different 

definitions of project complexity. A compilation of these definitions is shown in table 1. 

Author(s) Definition 

Griffin (1997) The number of parts and functions designed into the product 

Tatikonda and 

Rosenthal (2000) 

The nature, quantity, and magnitude of project subtasks, including technological 

interdependence, objectives novelty and project difficulty 

Novak and 

Eppinger (2001) 

Three main elements: 

 The number of product components to specify and produce 

 The extend of interactions to manage these components 

 The degree of product novelty 

Kim and 

Wilemon (2003) 

Complexity consists of the difficulties and uncertainties, posed by the number of 

technologies/components/functions in development efforts and the nature of 

organizational tasks that organizations face in carrying out NPD programs 
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Remington et al. 

(2009) 

High levels of interconnectedness, non-linearity, adaptiveness and emergence 

Table 1 Definitions of complexity 

There is no single concept of complexity (Vidal, Marle, & Bocquet, 2011). Earlier studies have attempted 

to define complexity by identifying its attributes and dimensions. Griffin (1997) argued that product 

complexity is caused by the number of parts and functions designed into a product. Tatikonda & Rosenthal 

(2000) differentiate between project complexity and technology novelty. Kim and Wilemon (2003) 

identified several sources of complexity including technological, market, development, marketing, 

organizational, and inter-organizational complexity.   

Also, foreign projects are affected by more diverse external risks, such as politics, economy, society, and 

culture (Kim et al., 2009). This risk can be measured with country credit ratings. These ratings are created 

by three agencies (Fitch, Moody’s, and Standard & Poor’s) and reflect a country’s ability and willingness 

to honor its financial obligations (Schroeder, 2008). However, while these ratings may prove useful, they 

must be taken for what they are: a first rough estimate of the country risk (Bouchet et al., 2003).  

Many attributes can thus be used to define complexity. An overview of these complexity factors found in 

literature are listed in Appendix A. All the different factors create a complex definition of complexity. 

A more holistic characterization is given by Geraldi & Adlbrecht (2007). They define three dimensions of 

complexity: faith, fact, and interaction. Complexity of faith deals with something unique, solving new 

problems, or dealing with high uncertainty. Complexity of fact focuses on the huge amount of 

interdependent information. It is also sometimes referred to as structural complexity. Complexity of 

interaction is present in interfaces between locations/humans/organizations.  

These three dimensions of complexity can be used to characterize the complexity factors from Appendix 

A. Experience is an ambiguous factor, since it fits both complexity of faith (e.g. team experience determines 

the amount of uncertainty in the project) and complexity of interaction (e.g. team experience determines 

the quality of interaction with the customer). To be able to use the factor, experience is marked as 

complexity of faith after debating its position. 

Together with the dependent variable project effort, this creates the following conceptual model for this 

research: 
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Figure 5 Conceptual model 

2.2 Forecasting methods 

The conceptual model described above will be used to find the relevant project characteristics for 

forecasting the project effort. This estimation method involves characterization of the project, measurement 

of the size or other artifacts, and eventually the application of a method for the generation of an estimate. 

Although no literature exists on this topic for BHS, several other industries have been studied. Two of these 

industries are the construction and software industry. They are comparable to the world of baggage, since 

they also exists of unique, technically challenging projects. Therefore, these industries are also challenged 

with finding ways of classifying their projects. The studies apply various forecasting methods, which will 

be discussed below. 

Typically, multiple linear regression (MLR) is used as a model-based method to produce estimates (Sentas 

et al., 2005). MLR shows the strength and direction of linear relationships between independent and 

dependent variables. MLR can be a good way to find a model, when the factors are few in number, not 

significantly redundant (collinear), and have a well-understood relationship to the dependent variable. 

However, if one of these three conditions is not applicable, MLR can be inefficient or inappropriate (Tobias, 

1995). Therefore, researchers have come up with different techniques to deal with datasets which violate 

these assumptions. 

MLR can be preceded by analysis of variance (ANOVA) for analyzing unbalanced data sets. This technique 

helps identifying the factors that mostly affect the dependent variable. Kitchenham (1998) describes the 

iterative approach of this method in detail and applies the method to predict the productivity of software 
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projects. The main advantages of this procedure are that: 1) it copes with datasets with a large number of 

factors and a relatively small number of data points, 2) it handles measures of all types (nominal, ordinal, 

interval, ratio, and absolute) correctly, 3) it identifies factors with confounded effects, and 4) it ensures that 

the analysis procedure does not overanalyze the data, i.e., it uses degrees-of-freedom correctly. 

Another method to cope with independent variables with a high degree of correlation is principal component 

regression. First, the components who account for most of the variance are extracted. Next, significant 

principal components are selected whose eigenvalue is larger than the average of the eigenvalues. And 

finally, the effects of the individual variables on the response variable are estimated (Chan & Park, 2005). 

Categorical regression (CATREG) can be used for datasets with projects characterized mostly by 

categorical attributes. This technique starts with the quantification of the qualitative attributes, and proceeds 

by using the obtaining scores as independent variables of a regression model (Angelis, Stamelos, & Morisio, 

2001). 

Trendowicz and Jeffery (2014) describe also other estimation methods. However, these methods are not 

used in this research because they do not fit the scope. Some methods are not quantitative (e.g. Delphi 

method, Planning Poker). These methods are not used due to the required effort of the experts, lack of 

speed, and influence of the expert’s subjectivity.  Other methods are too much data driven (e.g. classification 

trees, case-based reasoning), and thus do not fit with the limited sample size of this research.  

2.3 Research gaps 

Several researchers have suggested that company specific data sets are needed to produce reliable effort 

estimates. However, three main problems can occur when relying on company specific data sets (Mendes 

& Kitchenham, 2004): 

 The time required to accumulate enough data on past projects may be prohibitive 

 Technologies used may have changed, and older projects may no longer be representative of current 

practices 

 Care is necessary as data needs to be collected in a consistent manner 

Because of these three issues, many studies have used the same public datasets such as the Constructive 

Cost Model (COCOMO) dataset (e.g. (Angelis, Stamelos, & Morisio, 2001) (Kitchenham, 1998)), which 
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consisted of product, hardware, personnel, and project attributes of software projects, or the International 

Software Benchmarking Group (ISBSG) dataset (e.g. (Lopez-Martin, Isaza, & Chavoya, 2012) (Sentas, 

Angelis, Stamelos, & Bleris, 2005)), which includes variables as team size, development platform, 

organization type, and business area type. This situation, in which many papers use the same datasets, leads 

to conclusions about the significant project factors, which might be useful for the used dataset, but can not 

be used in other situations.  

This research focuses on significant project characteristics in BHS projects. However, no earlier studies 

were found focusing on effort prediction in this industry. This confirms the uniqueness of this industry, 

which can be classified as an oligopoly of only a few firms. Because of this explorative nature of this thesis, 

the complexity factors described above should be studied in the BHS environment before they can be 

applied to forecasting the required effort of BHS projects.  

Furthermore, many forecasting methods (e.g. Han et al. (2014)) do not take into account the influence of 

complexity of faith. This is especially a problem for PBO’s which are composed of unique projects with 

different levels of novelty. Also, country risks are often included as expert opinions (e.g. Han et al. (2014)). 

Country credit ratings can be used to quantify this risk and help limiting the experts’ subjectivity and 

provide a single rate to compare projects (Bouchet et al., 2003). 

2.4 Conclusion 

The literature study provides a conceptual model, which can be used to characterize a project. This model 

uses three dimensions of complexity: fact, faith, and interaction. This characterization can then be used by 

various forecasting techniques to 1) find project complexity characteristics with the largest influence on 

project effort, and to 2) use these characteristics to produce an initial forecast for future projects. Three 

methods have been found, which can be used for this method: Kitchenham’s (1998) ANOVA, Chan and 

Park’s (2005) PCA, and CATREG of Angelis et al. (2001). 

This research contributes to the current literature by using these different methods on a completely new 

dataset in a completely new industry (i.e. BHS). Also, novelty is rarely used as a project characteristic in 

the forecasting methods. This is remarkable, since novelty is often used when describing a project’s 

complexity. Therefore, understanding the influence of novelty on project effort can increase the knowledge 

of complexity of faith and help improving the estimation models by adding an important characteristic.   



 

 

 

12 

 

3 Research methodology 

The previous chapter has described the theoretical concepts for this thesis. Now, this chapter will explain 

how these concepts will be used. The conceptual model can be utilized as a starting point for characterizing 

a project. However, this model must be aligned with the practices of VI to create a measurable research 

framework. Therefore, an initial explorative study was executed to translate the complexity factors from 

the conceptual model into measurable VI items. This explorative study lead to the research framework, 

which is discussed below. Next, this chapter discusses how this framework will be used to collect data and 

which projects are selected for our dataset.  

3.1 Research framework 

The initial explorative study consisted of interviews with 16 VI’s employees. These semi-structured 

interviews used the complexity factors from the conceptual model to find measurable items, which could 

be applied to VI. 

Different roles were used to ensure a variety of inputs: project manager, integration manager, site manager, 

project leader engineering, controlling director, chief human resources officer, sales manager, senior 

systems engineer, sourcing manager, and resource manager. The project complexity factors were translated 

to VI items in a sequential process. Every interview was recorded and the measurable VI items were listed 

and validated in the following interviews. The responsible quotes are listed in appendix C along with the 

interview number. Some items did not come from the interviews directly (e.g. project type), but followed 

from the deliberation of what to include afterwards. Other items came from directly from the literature (e.g. 

technology novelty). 

The translation of the complexity factors to VI items has led to the following research framework: 
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Figure 6 Research framework 

The research framework provides an overview of the characteristics of BHS projects, which have a 

theoretical impact on project effort. This framework is described in more detail (i.e. including source, 

question, and answer) in appendix B. 

Since project data about these items was not stored in a database, a survey was selected as the primary 

source of data. Similar to Kitchenham (1998) and Chan & Park (2005), most of the determinants are 

qualitative variables expressed in the Likert scale of between a minimum of 1 and a maximum of 5. 

3.2 Data collection 

Data collection occurred via two sources. Quantitative data (i.e. hours, budget, lead time) was collected 

from VI’s database, while qualitative data was collected by using a survey. Also, country credit ratings 

were collected via Fitch, one of the three leading credit rating agencies. 
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VI’s database consisted of its enterprise resource planning (ERP) software. Here, the hours of a project are 

categorized by the work breakdown structure (WBS). The WBS is a hierarchy of work that must be 

accomplished to complete a project. The following activities from the WBS are used in this research: 

 Project Management (PM) 

 Supply Chain/Procurement (SC) 

 Project Leader Engineering (PLE) 

 Integration Management (IM) 

 Mechanical Engineering (ME) 

 Low Level Controls (LLC) 

 High Level Controls (HLC) 

 Site Management (SM)

The outsourced controls hours were not included in the data. This prevented a comparison between the 

projects with these hours and the rest of the projects. Therefore, these hours were found in the pricing sheets 

and added to the data.  

The budget was also imported from the ERP system. All projects with foreign currencies were transformed 

to euros in order to achieve comparable budgets. The budget for X-ray machines was removed, since this 

budget was expected to have no impact on the number of hours and a significant effect on the budget. 

Although the survey could not be send to an unlimited amount of employees per project (not efficient), a 

one person per project design could harm the internal validity of the research. Therefore, the survey was 

send to two persons per project, whereafter significant differences in the answers were discussed and one 

“best” answer was selected using an expert’s opinion. The respondents consisted of project managers, 

integration managers, and project leaders engineering.  

64 people received the survey to gather information for 32 projects. All responses were gathered, resulting 

in a response rate of 100%.  

3.3 Data Analysis 

The analysis of the data will be executed using different methods to create various insights into the data. 

The goals of these methods are described in the previous chapter. However, for the analysis their procedures 

are also important. These procedures are explained in the following table. 
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ANOVA PCA CATREG 

Kitchenham (1998) Chan and Park (2004) Angelis et al. (2001) 

1. Improve normality 

2. Apply ANOVA using each 

factor 

3. Identify most significant factor 

4. Remove effect of factor 

5. Apply ANOVA using 

remaining factor on residual 

6. Factors which were significant, 

but no longer are, are confounded 

7. Identify the next most 

significant factor 

1. Check if sample size N is 

greater than the number of 

explanatory variables K 

2. Extract principal components 

from complexity dimensions 

3. Select components for 

regression, whose eigenvalues are 

more than the average of the 

eigenvalues 

4. Estimate the effects of the 

individual variables on the effort 

of a project  

1. Check/improve for normality 

2. Use ANOVA to check if a 

significant effect on effort exists 

3. Use CATREG method to 

produce new variables, which are 

quantifications of the original 

variable values. 

4. Use stepwise linear regression 

on the quantified data in order to 

build the model 

8. Remove the effect of the next 

most significant factor 

  

9. Repeat until all significant 

factors are removed 

  

Table 2 Analysis procedure 

The first two procedures will be applied to find models for the total project effort as well as for the individual 

project activities. After initial analysis, the CATREG method from Angelis et al. (2001) is excluded, since 

this method does not correct for multicollinearity. It includes only initially significant factors, while the 

impact of many variables is concealed. The effect of these factors is only visible after correcting for other 

main variables. Including only the initial significant factors will thus create a limited model of confounded 

variables. 

Although the difference between the two methods is will provide insight in both the quality of the methods 

and the relevant characteristics of the BHS projects, more differences are of interest. Budget can cause 

endogeneity problems, since it can be seen as being dependent on the project effort. Therefore, models with 

and without budget as a predictor are constructed. Another assessment involves the handling of zero hours 

activities (i.e. projects with zero hours on a activity). It can be argued to include this data, since they may 

indicate the estimation for small projects with (close to) zero hours. However, it can also be argued to 

exclude these cases, since these cases may be incomparable projects, where these activities are omitted. 

Finally, also models with a different validation set or more rigorous outlier limits increase the understanding 

of the dataset. 

The accuracy of these different models will be compared using the following goodness of fit measures: 
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Mean Absolute Error:    𝑀𝐴𝐸 =
1

𝑛
∑ |𝐹𝑡 − 𝐴𝑡|
𝑛
𝑡=1   

Mean Percentage Error:    𝑀𝑃𝐸 =
1

𝑛
∑

𝐴𝑡−𝐹𝑡

𝐴𝑡

𝑛
𝑡=1   

Mean Absolute Percentage error:  𝑀𝐴𝑃𝐸 =
1

𝑛
∑ |

𝐴𝑡−𝐹𝑡

𝐴𝑡
|𝑛

𝑡=1    

Where, 

 𝐴𝑡 is the actual value 

 𝐹𝑡 is the forecasted value 

 n is the number of observations  
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4 Data analysis and results 

4.1 Initial analysis 

Since all techniques involve MLR, a check for normality (one of its basic assumptions) is required (Field, 

2005). Two very large projects are excluded from the analysis to ensure a uniform dataset. Also, raw 

baggage and bagtrax are excluded, since all projects include raw baggage and zero projects include bagtrax. 

The dependent variable “Effort” can be improved by using a natural logarithmic transformation (Figure 7). 

Other scale variables are also analyzed, which results in transformations for the following independent 

variables: Budget, Meters Conveyor, Drives, and Connections. These transformations improve the 

skewness and kurtosis measures of the variables (Appendix D). 

Since Budget theoretically includes the different complexity influences (i.e. a measure of the overall project 

difficulty), the variable is hypothesized as one of the main predictors of Effort. Therefore, scatterplots of 

the relationship between the different activities and Budget were constructed (Appendix E) to get a feeling 

for the data. These scatterplots show how the effort of all activities (except Site Management) are highly 

correlated with budget (i.e. 𝑅2 of 0,5), except for High Level Controls. However, the distribution of the 

cases is different for the different activities. This could indicate, that different factors influence the hours 

of different activities. 

Figure 7 Q-Q plot of Effort and transformation 
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The correlation matrix (Appendix F) shows all correlations between the dependent and independent 

variables. Many of the significant correlations can be explained by their complexity factor. For example, 

size measures are all highly correlated. This is valid, since these items have the same theoretical 

background. It is therefore more interesting to study the significant correlations of items of different 

complexity factors. Figure 8 presents an overview of these correlations. 

 

Figure 8 Correlation overview 

The correlations provide a complex overview of how all factors are related. It is thus important to check for 

multicollinearity. Project effort has the highest correlation with budget, which is also hypothesized as the 

main predictor of project effort. However, as mentioned before, budget can also cause endogeneity 

problems. Therefore, the models described below will be constructed with and without budget as a 

predictor. The model with the best goodness of fit is used for further analysis of using zero hour activities, 

a different validation set, and more rigorous outlier limits. 

Next, PCA and ANOVA are applied to find a project effort model. These models are constructed with 80% 

of the data to be able to validate the models on the excluded cases. 
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4.2 PCA 

PCA helps in reducing the data set to a more manageable size (Field, 2005). Using the method of Chan and 

Park (2004), PCA is used to find a small number of variables, which account for most of the variance. 

Factor analysis is used on all three dimensions of complexity (i.e. fact, faith, and interaction). The results 

are found in appendix G. 

By using Rencher’s criterion (i.e. include only those components whose eigenvalues are more than the 

average of eigenvalues), two factors are selected from complexity of faith, one factor from complexity of 

fact, and two factors from complexity of interaction. By analyzing the loadings of these factors, the 

following variables are selected to be included in the model: 

 Technology Novelty 

 Individual Experience 

 LNBudget 

 Country Experience 

 Customer Complexity 

Although LNDrives has the highest loading for the size measures, LNBudget is theorized as the best size 

measure. Therefore, two models are created using forward regression to compare the two factors. The model 

with LNBudget scores a lower Mean Absolute Percentage Error (MAPE) than the LNDrives model (37,22% 

vs 63,58%). However, the budget could theoretically include also all complexity factors as it is an estimate 

of all the project costs (including effort costs). Therefore, it is also important to check the difference 

between the variables used in the models. Extra variables used in the models with LNDrives as size measure 

are: Technology Novelty (PM) and Individual Experience (PLE). Also, no size measure is used in the HLC 

model (only Technology Novelty). This can be explained by the correlation between LNBudget and 

Technology Novelty. Hence the budget partially incorporates novelty. 

Since the main goal of the estimation method is forecasting and little differences between the variables used 

exist, the budget models are selected and described below (Table 3): 
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Activity Variable B Activity Variable B 

PM (Constant) -4,024 LLC (Constant) -2,585 

 LNBudget 0,727  LNBudget 0,706 

    Technology Novelty 0,378 

    Individual Experience -0,166 

IM (Constant) -15,711 HLC (Constant) -3,426 

 LNBudget 1,31  Technology Novelty 0,628 

  Technology Novelty 0,608  LNBudget 0,592 

SC (Constant) -4,039 SM (Constant) -3,027 

  LNBudget 0,646  LNBudget 0,752 

    Country Experience -0,301 

PLE (Constant) -10,013 TOTAL (Constant) -2,761 

 LNBudget 1,089  LNBudget 0,75 

    Technology Novelty 0,331 

ME (Constant) -10,416    

 LNBudget 1,14    
Table 3 PCA Effort models; PM=Project Manager, IM=Integration Manager, SC=Supply Chain, PLE=Project Leader 

Engineering, ME=Mechanical Engineering, LLC=Low Level Controls, HLC=High Level Controls, SM=Site Management  

The models confirm that budget is the most important predictor, since all activities include budget in their 

model. Also, technology novelty is an important variable for software related activities as LLC and IM. 

Since these activities capture a large part of the total effort, it matches that technology novelty is also 

included in the total effort model. 

4.3 ANOVA 

Another method to find a model is described by Kitchenham (1998). Here, ANOVA is used to find the most 

significant contributors to project effort. The variable with the smallest within groups mean square is 

selected and the mean effects are checked for their consistency with the hypothesized relationship. Also, 

factor levels may be concatenated, if some levels appear to be unnecessary. After adding the most 

significant factor to the model, the procedure is repeated. Factors that were significant in the original 

analysis but no longer have significant effect on the residuals are factors that are confounded with the first 

significant factor. Appendix H shows the results of the ANOVA method. Here, all the significant mean 

squares are shown. The highlighted mean squares values are selected to be included in the model. Table 4 

shows the resulting models of this ANOVA method: 
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Activity Variable B Activity Variable B 

PM (Constant) -3,671 LLC (Constant) -4,154 
 LNBudget 0,727  LNBudget 0,874 
 [ConsultDifficulty2=1,00] -0,605  [TechNovelty2=1,00] -1,117 
    [TechNovelty2=2,00] -0,784 

IM Intercept 7,757 HLC Intercept 8,51 
 [ProjectType=1,00] -4,254  [TechNovelty2=1,00] -2,522 

  [ProjectType=2,00] -0,999  [TechNovelty2=2,00] -0,86 

SC (Constant) -3,893 SM (Constant) -4,424 
  LNBudget 0,646  LNBudget 0,785 
 [CustReqFocus2=1,00] -0,502  [CustVIExp2=1,00] 0,925 

PLE (Constant) -10,013 TOTAL (Constant) -3,307 
 LNBudget 1,089  LNBudget 0,878 

    [TechNovelty2=1,00] -0,994 

ME (Constant) 1,978  [TechNovelty2=2,00] -0,703 
 LNDrives 0,956    

Table 4 ANOVA Effort Models; PM=Project Manager, IM=Integration Manager, SC=Supply Chain, PLE=Project Leader 

Engineering, ME=Mechanical Engineering, LLC=Low Level Controls, HLC=High Level Controls, SM=Site Management   

The models include many of the same variables as the PCA models. LNBudget is often used as size 

measure. However, mechanical engineering uses LNDrives and integration management uses the project 

type as a size measure. The High Level Controls model even has no variable from the complexity of fact 

dimension. This relation is also already indicated by the low r-square in the initial scatterplot. 

The ANOVA method also includes analyzing the factor level means and concatenating if necessary. The 

following variables were changed to improve the consistency of the variables (Table 5): 

Consultant 
Difficulty 

Technology 
novelty 

Customer Requirement 
Focus 

Customer VI 
experience 

Initial New Initial New Initial New Initial New 

0 1 1 1 1 1 1 1 

1 1 2 2 2 1 2 1 

2 1 3 2 3 2 3 2 

3 2 4 3 4 2 4 2 

4 2 5 3 5 2 5 2 

5 2     

Table 5 Concatenated variables 
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Because of the theoretical incorporation of all complexity factors in the budget, it is also again interesting 

to see the differences between the current model and a model without budget. This model replaces Customer 

Requirement Focus (SC) by Customer Complexity (SC) and Customer VI Experience by Team Experience 

(SM). These items are very similar. Hence can be concluded that only minor differences exist between the 

models. 

4.4 Validation 

Several goodness-of-fit measures exist to evaluate how well a model fits a set of observation. The r-square 

measure indicates how well a model fits the data. However, since the goal of this research also includes 

prediction, cross-validation is used to assess the accuracy of the model on an independent data set. 

Therefore, the models described above are created with 80% of the data, leaving 20% for the validation 

phase. This validation set is analyzed using the Mean Absolute Error (MAE), Mean Percentage Error 

(MPE), and Mean Absolute Percentage Error (MAPE). 

The following r-square scores are obtained by the PCA and ANOVA models: 

 PCA  ANOVA  

 R Square Adjusted R Square R Square Adjusted R Square 

PM 0,479 0,455 0,63 0,595 

IM 0,542 0,491 0,577 0,53 

SC 0,646 0,63 0,783 0,762 

PLE 0,549 0,528 0,549 0,528 

ME 0,597 0,579 0,693 0,679 

LLC 0,843 0,82 0,759 0,723 

HLC 0,539 0,484 0,444 0,378 

SM 0,676 0,645 0,719 0,693 

Total 0,797 0,778 0,766 0,731 

Table 6 R-square scores; PM=Project Manager, IM=Integration Manager, SC=Supply Chain, PLE=Project Leader 

Engineering, ME=Mechanical Engineering, LLC=Low Level Controls, HLC=High Level Controls, SM=Site Management  

Although the ANOVA scores are often slightly higher than the PCA scores, there is no significant difference 

between the two models here. The low score for HLC again confirms the difficulty of predicting the HLC 

effort.  

Next, the cross-validation scores are listed in Table 7. Here, “Sum” is used for the total effort prediction, 

which is constructed by the aggregated activity predictions. 
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 PCA   ANOVA   

 MAE MPE MAPE MAE MPE MAPE 

PM 789,9713 0,59% 37,33% 792,3737 -5,01% 35,89% 
IM 1652,212 -182,27% 232,20% 2004,379 -41,81% 147,51% 
SC 92,77244 -243,92% 253,99% 130,8823 -283,53% 306,65% 
PLE 675,461 0,03% 63,85% 675,461 0,03% 63,85% 
ME 1773,68 45,77% 45,77% 1291,626 22,99% 32,11% 
LLC 3425,29 -25,39% 49,51% 5161,273 -35,25% 67,57% 
HLC 4094,032 -73,67% 132,77% 5481,627 -229,88% 260,23% 
SM 2154,242 -10,99% 57,51% 2333,011 -50,87% 116,74% 
Sum 10489,82 -2,21% 37,22% 10795,3 -22,24% 52,67% 
Total 11414,77 -23,42% 55,10% 9980,527 -21,31% 52,53% 

Table 7 Cross-validation; PM=Project Manager, IM=Integration Manager, SC=Supply Chain, PLE=Project Leader 

Engineering, ME=Mechanical Engineering, LLC=Low Level Controls, HLC=High Level Controls, SM=Site Management  

IM, SC, and HLC all have high scores, indicating a lack of fit. The SC scores can be explained by one 

outlier in the validation set. The total effort has a relatively low value, thus proving the law of the large 

numbers (i.e. compensation of prediction error made on the “bottom” estimates may lead to quite accurate 

total estimates) (Trendowicz & Jeffery, 2014). 

The PCA model slightly outperforms the ANOVA model, especially on the important controls activities, 

which form almost 50% of the total project effort. However, even the PCA model results in large errors, 

when the natural log effort variables are transformed back to hours. Also, when models are constructed 

with 100% of the data the scores change (Appendix I). In this case, the ANOVA model outperforms the 

PCA model. This could indicate that the ANOVA model leads to overfitting. 

4.5 Further analysis 

This paragraph compares the PCA model selected above with other possible models to test if improvements 

can be made. The models are compared using the goodness of fit scores in table 8. These new models are 

described in appendix J.  

One comparison concerns the inclusion of zero hours activities. It can both be argued to both include and 

exclude these cases from the model. The original model excluded the activities. Although a slight difference 

exist between the two models (e.g. MAPE Sum: 33,15% vs 37,22%), this is not enough decide on the best 

model. This can be explained by the limited amount of zero hours activities (9 out of the 240 cases). 
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 Include zero hours 
activities 

Different validation 
set 

Outliers removed Outliers removed 
from validation 

 MPE MAPE MPE MAPE MPE MAPE MPE MAPE 

PM 0,59% 37,33% 6,55% 39,42% 8,53% 31,96% 8,53% 31,96% 

IM -176,74% 237,73% -310,31% 369,38% -182,27% 232,20% -182,27% 232,20% 

SC -243,92% 253,99% 8,21% 36,76% -243,92% 253,99% -7,69% 16,48% 

PLE 2,37% 66,19% -135,31% 175,80% -26,04% 74,51% -26,04% 74,51% 

ME 45,77% 45,77% -9,30% 61,14% 39,35% 39,35% 30,77% 25,64% 

LLC -25,39% 49,51% -11,38% 53,08% -25,39% 49,51% -44,33% 37,95% 

HLC -88,45% 128,13% 30,86% 45,45% -73,67% 132,77% -73,67% 132,77% 

SM -10,99% 57,51% 6,58% 18,60% -17,10% 61,78% -17,10% 61,78% 

Sum -6,28% 33,15% -2,75% 43,24% -4,21% 38,89% -19,53% 26,83% 

Total -23,42% 55,10% -10,03% 46,50% -23,42% 55,10% -43,49% 42,28% 

Table 8 Cross-validation different models; PM=Project Manager, IM=Integration Manager, SC=Supply Chain, 

PLE=Project Leader Engineering, ME=Mechanical Engineering, LLC=Low Level Controls, HLC=High Level Controls, 

SM=Site Management 

Although the initial validation set contained many unique projects (with high forecast errors), the second 

validation set confirms that this is not a unique set of projects. Also this set has many unique projects (e.g. 

one project with a new HLC type) and its forecasting errors are even bigger than with the initial validation 

set.  

A stricter outlier policy also does not appears to improve the model. Here, all outliers outside two standard 

deviations from the model are deleted. The outliers are found in projects, which can be very small, very 

novel, or make use of cheap, less productive employees. However, if the outliers are also removed from the 

validation set (i.e. the model does not have to be able to predict these cases), then the error decreases and 

the accuracy of the model thus increases.  
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5 Conclusion & reflection 

5.1 Conclusions 

The goal of this research has been to find the relevant project characteristics influencing project effort and 

use these factors to develop a prediction method for quick estimates of the effort of future projects. The 

following research question was used in this thesis: 

“How do project complexity drivers influence project effort?” 

A conceptual model was created to classify the different drivers of complexity. This model consisted of 

three dimensions: complexity of fact, complexity of faith, and complexity of interaction. All activity models 

include only a maximum of one item per dimension. This can be explained by the initial analysis, which 

found high correlations of items within the dimensions. The estimation methods thus do not include 

confounding variables. 

Of the three dimensions complexity of fact has been found as the most important driver of project effort, 

since both the ANOVA and the PCA method add a complexity of fact item (e.g. Budget, Drivers) first in 

the majority of the models. Budget is most frequently used as the size measure. 

Technology Novelty is used as the complexity of faith measure. This dimension is used for controls related 

activities as IM, LLC, HLC, and Total Effort. These activities are thus mostly affected by the novelty of 

the project technologies. This can be explained by the fact that new technology results in new software and 

writing new software is significantly more time consuming than using experienced software. 

Complexity of interaction is the most difficult dimension. Because the different activities interact with 

different people, there is no one measure that can be used for all activities. Because project managers 

interact with the consultants, Consultant Difficulty is included in the model. Because Site Managers and 

Site Supervisors are present at site, Customer’s VI Experience and VI’s Country Experience are used in 

these models. Complexity of interaction has little use for the engineering activities of PLE, ME, LLC, and 

HLC. 
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Although many of the variables have a significant effect on project effort (Appendix H), it is also interesting 

to see which factors do not have an impact on the project effort. The following table gives an overview and 

explanation of these factors: 

Variable Explanation 

Field type The greenfield/brownfield classification might be too simplistic. Various 

brownfield conditions exist, with very different effects on the project workload 

Customer type Although contractor has a slightly higher mean effort, sample size might be too low 

to detect significant differences 

Customer BHS 

experience 

Since Customer VI Experience does have a significant effect on many activities, this 

experience is found to be more important than the BHS experience. 

Local team Only 4 projects with a local engineering team are included. This number is too low 

for a statistical analysis. 

System Capacity With only 1 project with a critical capacity and 3 with overcapacity, there are too 

few cases to do an analysis. 

Table 8 No impact variables 

The validation shows that forecasting project effort is a difficult endeavor. VI’s projects have many unique 

characteristics, which are sometimes difficult to capture in a simple model. Very big MAPE scores were 

further analyzed and led to the discovery of some of these unique characteristics: 

 Use of cheap labor, which was allowed to work twice as long as “ normal” 

 Additional running of a steel factory to produce the steel for the project 

 Activity hours not consistently stored on the same WBS 

The validation results also indicate possible overfitting of the ANOVA models. The ANOVA models score 

higher r-square values than the PCA models. However, during the cross-validation the PCA model is 

outperforming the ANOVA model. These findings can be explained by the ANOVA method. This method 

includes the different level means in their model, while the PCA method uses linear regression to estimate 

the effect of a categorical variable. Using the level means increases the used degrees of freedom. And if too 

many degrees of freedom are used, effects will be found which exist in the sample, but not in the population 

(i.e. overfitting) (Babyak, 2004). 
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The validation also shows differences between the different activities. PM, ME, and Total Effort are 

relatively easy to predict. Also, in case of the PCA models, predicting the total effort as the sum of the 

individual activities results in a better prediction than one model for the total effort. This could be explained 

by the different influence of variables on different activities, which is included in the sum of all activity 

models. 

IM and HLC are difficult to predict. These activities are very unique and depend more on complexity of 

faith than complexity of fact (no size measures in the ANOVA models). Since only categorical measures 

of complexity of faith are used, these activities can only be estimated very roughly. 

Although the different variations of the used data set (i.e. zero hours activities, different validation set, 

rigorous outlier restrictions) do not lead to observable differences. They do increase our knowledge. The 

different validation set shows that unique projects are omnipresent at VI. And the analysis of the outliers 

indicate groups of unique projects (i.e. small, novel, or using cheaper, less productive employees), which 

might need special forecasting methods. 

In summary, the project effort is affected by the three complexity dimensions. However, the effect of these 

dimensions changes per activity. Because of the uniqueness of the projects, single predictions can suffer 

from large prediction errors. However, since the model is to be used for resource management, the error 

over multiple projects is most important. And in that case many of the errors are averaged out (Sum in PCA 

model with a MPE of -2,21%). 

5.2 Implications for practice 

Vanderlande Industries was interested in finding a quick top-down method to capture the effect of future 

projects on the future workload. This research has constructed a forecasting model to estimate the project 

effort with a few important project characteristics. This allows for a quick top-down estimation. 

The recommendation on how to use the model depends on VI’s priorities. When VI wants to use the model 

for the initial allocation of resources to a single project, problems may arise due to the large forecasting 

errors caused by the uniqueness of VI’s projects. Therefore, it is recommended to include expert evaluation 

and if necessary judgmental adjustments to improve the accuracy of the forecasts.  
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However, when focused on the workload of multiple future projects for resource management on a global 

scale, it becomes more difficult to do expert evaluation, and the models’ forecasts are averaged out (i.e. 

more reliable). So in this case, the forecasting models can be sufficient. 

Although the model is created using proven procedures, the perfect model will never exist. There will 

always be room for debate and improvement. Therefore, it is also very important to evaluate the 

performance of the model and improve it if necessary. The expert evaluation can also take place after a 

project to help identifying characteristics which caused deviations from the model. Next, it should be 

decided if these characteristics also apply to other projects (i.e. no outliers) and how they can be added to 

the model. 

The project characteristics used in this research were broadly defined to be able to find the big factors 

influencing project effort. However, in retrospective some variables could be further specified to better 

capture their effect on project effort. Technology novelty is one of these characteristics. Novelty can take 

place in many forms. A project which uses a new motor type is very different from a project which uses an 

in development, new version of the HLC. The first project will have an increased number of mechanical 

engineering hours, while the second project will carry an increased number of controls hours. Nevertheless, 

both projects are examples of technology novelty. To capture these different types of novelty, a division of 

technology novelty in mechanical novelty and controls novelty is recommended. The field type is also 

broadly defined with only two categories: Greenfield and Brownfield. The brownfield classification might 

be too simple. A brownfield project requires the installation team to construct the BHS alongside the 

existing operational installation, which will increase the project effort. However, not every brownfield 

project has an equal increase of the project hours. Therefore, it is also important to classify the 

impact/difficulty of the brownfield project. 

Before this recommendation can be applied, another problem must be addressed. This study uses a limited 

sample size of 32 projects and thus is restricted to a small number of degrees of freedom. As stated by 

Viagas da Silva and Adeodato (2011): “There is a well-known rule of thumb which states that the number 

of patterns is related to the accuracy level”. In other words, if the sample size increases, the number of 

significant factors increases. Therefore, it is necessary to include more data to be able to improve the model 

and find complexity factors with a more subtle influence on project effort. 
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An increased number of observations also allows for the creation of multiple models. In the current situation 

one model is used for all projects. However, some projects are so significantly different (e.g. different HLC 

type), that accounting for the mean effects is not enough. With enough observations projects can be 

classified and specialized models can be constructed to estimate the project effort. 

More practical recommendations for the use of the model is to store the important characteristics (i.e. 

budget, technology novelty, consultant difficulty, country experience, customer VI experience) of future 

projects in its CRM, so it can be used in the model. Also, project hours were not consistently recorded on 

the same WBS number, which increases the chance of a wrong prediction. Moreover, a case was found 

where costs were entered equally as hours. This resulted in a massive amount of hours and needed 

adjustments before the project could be used in the dataset. Finally, also Integration Management hours 

were found at the Project Leader Engineering activity. These errors cloud the dataset and should be analyzed 

and fixed to improve the model. 

In summary the three key takeaways for the company are: 

 The model is able to make quick predictions and can therefore serve as an initial best guess 

 VI needs one way of working in recording hours for all the projects, this will enable VI to compare 

its projects 

 Integration Management and High Level Controls depend more than other projects on technology 

novelty and are difficult to predict. VI should test the model on more projects to be able to make 

specialized models for these activities. 

5.3 Implications and limitations for theory 

Various authors have developed multiple procedures to develop estimation models for project effort (e.g. 

(Kitchenham, 1998), (Trendowicz & Jeffery, 2014), (Chan & Park, 2005)). These models are often applied 

to similar datasets in similar industries. 

To the best of our knowledge, this thesis is the first project to analyze project characteristics influencing 

project effort in the BHS industry. This industry is continuously innovating in a competitive oligopoly. 

Therefore, technology novelty is used as a driver of project effort. Technology novelty is used in many of 

the forecasting models and thereby proves to be an important characteristic of BHS projects. 



 

 

 

29 

 

The research uses three statistical methods to create a model and can thus be used as an evaluation of these 

methods. The CATREG method was quickly disregarded, because it only includes initially significant 

factors. The other two methods (PCA, ANOVA) use a stepwise method, which better fits the data set. The 

PCA models outperform the ANOVA models during the cross-validation. Further analysis also indicates 

that the ANOVA could lead to overfitting. 

Thus, the three key takeaways for literature are: 

 The statistical methods from the software and construction industry can be applied to the BHS 

industry 

 Technology novelty is an important driver of project effort in the BHS industry 

 The ANOVA method of Kitchenham (1998) can lead to overfitting 

There are also limitations to this research. The sample size is small, which prevents other, more data 

intensive methods as classification trees and case based reasoning. A larger sample size can also help in 

detecting effects from variables which are not significant enough with this sample size. 

Other limitations come from the sequential steps of research design and research analysis. The value of the 

design can only be seen after the analysis. New measurements are difficult after the survey is send. Although 

an initial explorative study helped in validating the survey, there are still some variables which could be 

altered. Technology novelty and field type were defined too broad and could be further specified. 

Future research can overcome these limitations. It will be interesting to see how the complexity factors 

affect project effort in other industries. Also, more complex statistical methods can be used when larger 

sample sizes are used. A pairwise comparison with the current models can help detecting which model is 

best suitable for which project types. An increased sample size also allows specialized models for groups 

of similar projects.  

These limitations can also be summarized in the three main limitations and challenges for future research: 

 Limited sample size clouded the view on the data set. More subtle effects can thus be found 

with an increased sample 

 This research did not validate the model on actual new projects. Testing the model in a real live 

situation can improve the model 
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 This research focusses on data from one company. Although there are only a few BHS 

companies, a comparison will improve the applicability of the model 

This research shows that estimating project hours using project characteristics is possible. The models 

enable the user to do a very quick estimation of the required number of hours. Although improvements can 

and must be made, the estimation tool shows a lot of potential to be used during the lead phase, when 

detailed project information is lacking. 
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Appendix A: Project complexity factors 

Attribute Author Description 

Technology 

interdependence 

Tatikonda & 

Rosenthal (2000), 

Yugue and 

Maximiano (2012) 

A design change in one product module was expected to 

impact the design effort for other stages this much… 

  

Experience Tatikonda & 

Rosenthal (2000) 

The project team was used to working together and consisted 

of experienced employees 

Technology 

novelty 

Swink & Calantone 

(2004), Yugue and 

Maximiano (2012), 

Tatikonda & 

Rosenthal (2000), 

Puddicombe (2011) 

What percentage of the product involved technology that was 

new to your firm? What percentage of the process technology 

used was new to your firm? How new were the technologies 

to be employed in this project? Had the firm executed 

technically similar projects? Number of technically similar 

projects executed. 

Project 

Organization 

Complexity 

Swink & Calantone 

(2004), Kim and 

Wilemon (2003), 

Baccarini (1999) 

How many persons were dedicated to the project? How many 

types of expertise were needed on the project? Was the 

project organization ready for the project? 

Product 

complexity 

Swink & Calantone 

(2004); Griffin 

(1997) 

How many items are in the product? The number and type of 

functions in a product. 

Inter-

organizational 

complexity 

Kim and Wilemon 

(2003), Yugue and 

Maximiano (2012)  

The effect of external organizations on the project. Some 

stakeholders can significantly raise the required effort of a 

project. 

Project size Geraldi and 

Adlbrecht (2007) 

Size of the project 

Country risk Han et al. (2009) Extra political, economic, social, and cultural risks due to 

operating in other countries 

Client type Müller et al. (2012) Experience with a client, amount of attention needed 
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Appendix B: Model variables 

Codes Item Complexity factor Source Question Possible answers 

X1 Field type Technology 

interdependence 

Survey What was the field type? 1=Greenfield; 

2=Brownfield 

X2 Country 

experience 

Country risk Survey VI's experience of doing projects in this 

country at the start of the project 

1=Very Little; 

2=Little; 

3=Average; 
4=Above Average; 

5=A lot 

X3 Slack Technology 
interdependence 

Survey How much slack did the project schedule 
allow for? 

1= No Slack 
(critical); 2=Some 

Slack (normal); 3=A 
lot of slack (relaxed) 

X4 Customer type Customer type Survey Who was our paying customer (DMU)? 1=Private owned 

airport; 
2=Government 

owned airport; 

3=Contractor 

X5 Customer's BHS 

experience 

Customer type Survey Customer's BHS experience 1=Very Little; 

…5=A lot 

X6 Customer's VI 
experience 

Customer type Survey Customer's experience with VI 1=Very Little; 
…5=A lot 

X7 Client's 

stubbornness 

Customer type Survey Customer's focus on its requirements 1=Very Little; 

…5=A lot 

X8 Client difficulty Customer type Survey Amount of attention needed for customer 1=Very Little; 

…5=A lot 

X9 Client complexity Customer type Survey Complexity of the customer (i.e. did other 
stakeholders have a say in their decisions) 

1=Very Little; 
…5=A lot 

X10 Customer's 

deviations 

Customer type Survey Degree customer deviated from the 

agreements 
(contractual/planning/scope/...etc). 

1=Very Little; 

…5=A lot 

X11  Customer type Survey Did the customer use a consultant?  

X12 Consultant 
difficulty 

Customer type Survey Effort needed for consultant 1=Very Little; 
…5=A lot 

X13 Local engineering 

team 

Project organization 

complexity 

Survey Was there a local VI team for the 

design/engineering phase on site? 

1=Yes; 2=No 

X14 Team experience Experience Survey The project team was used to working 

together 

1=Strongly disagree; 

2=Disagree; 

3=Neutral; 4=Agree; 
5=Strongly agree 

X15 Individual 

experience 

Experience Survey The project team consisted of experienced 

employees 

1=Strongly disagree; 

…5=Strongly agree 

X16 VI organization 

experience 

Experience Survey VI's organization was ready for the project 

(the right permits, legal entity) 

1=Strongly disagree; 

…5=Strongly agree 

X17 Project type Product complexity Survey What was the project type? 1=CI-Triplanar; 
2=CI-Sort; 3=CI-

Hub 

X18 HLC software 

type 

Product complexity Survey What was the HLC software type? 0=Other; 1=VIBES; 

2=SAC 

X19 Raw baggage Product complexity Survey Check if system included: Raw Baggage 1=Included 

X20 Tubtrax Product complexity Survey Check if system included: Tubtrax 1=Included 

X21 Bagtrax Product complexity Survey Check if system included: Bagtrax 1=Included 

X22 Loop sorter Product complexity Survey Check if system included: Loop sorter 1=Included 

X23 System capacity Product complexity Survey How would you classify the required system 
capacity? 

1=Critical; 
2=Normal; 

3=Overcapacity 

X24 Technical 
experience 

Technology novelty Survey VI executed technically similar projects 
before / standard products were used 

1=Strongly disagree; 
…5=Strongly agree 

X25 New technology Technology novelty Survey The project was used as a pilot for new R&D 

technologies 

1=Strongly disagree; 

…5=Strongly agree 
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X26 Immature 

technology 

Technology novelty Survey The project used immature technologies 1=Strongly disagree; 

…5=Strongly agree 

X27 Technical novelty Technology novelty Survey Novelty of the project technologies 1=Very Little; 
…5=A lot 

X28 Stakeholder 

experience 

Inter-organizational 

complexity 

Survey Experience with suppliers/subcontractors 1=Very Little; 

…5=A lot 

X29 Stakeholder 

reliability 

Inter-organizational 

complexity 

Survey Reliability of suppliers/subcontractors 1=Very Little; 

…5=A lot 

X30 Stakeholder 
dependency 

Inter-organizational 
complexity 

Survey Dependency of suppliers/subcontractors 1=Very Little; 
…5=A lot 

X31 Stakeholder 

difficulty 

Inter-organizational 

complexity 

Survey The impact of suppliers/subcontractors on 

project delays 

1= No Impact; 

2=Little impact; 
3=Some Impact; 

4=Significant 

Impact; 5=Big 
impact 

X32 Connections Project size VI database  #connections 

X33 Length Project size VI database  #meters conveyor 

X34 Drives Project size VI database  #drives 

X35 Country rating Country risk Country 

credit rating 

 1=Very Little; 

…5=A lot 

X36 Budget Project size VI database  sales in € 
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Appendix C: Interview quotes 

Item Interview Quote Translation 

Field type 2 “Misschien wel een van de grootste drivers daarin (project 

effort) is de zogenaamde greenfield/brownfield installatie. 
In een brownfield kan je een stuk minder effectief werken” 

“Maybe one of the biggest drivers (of project 

effort) is the greenfield/brownfield installation. 
Working in a brownfield can be a lot less 

effective” 

Country 

experience 

3 “Een andere leuke is waar is dat project. Is dat in Europa 
of aan de andere kant van de wereld” 

“Another factor is the location of the project. Is 
it in Europe or somewhere else?” 

Slack 6 Als de doorlooptijd te kort is doe je meer parallel, maar als 

hij relatief te lang is doe je er ook langer over, niet 
efficiënt. 

“If you have little slack, activities must be 

executed in parralel, but with a lot of slack 
people work inefficiently” 

Customer type X   

Customer's BHS 

experience 

2 “Ook een risicofactor is als de klant niet helemaal weet 

wat hij wilt” 

“It is also risky if the customer does not know 

what he wants” 

Customer's VI 

experience 

3 Of een klant nieuw is weten we, maar het effect geen 
idee…We hebben nu een nieuwe klant en die legt op alle 

slakken zout” 

“We do not know the effect of a new 
customer... We now have a project with a new 

customer, who slows down everything” 

Client's 

stubbornness 

6 “Het is vooral hoe strikt gaat de klant op de eisen zitten. Is 
hij requirement driven” 

“It is especially how stubborn the client is. Is 
he requirement driven” 

Client difficulty 0   

Client 

complexity 

15 “We moeten ook kijken of we direct contact hebben met 
de gebruiker” 

“We also need to check if we were in direct 
contact with the end user” 

Customer's 

deviations 

2 “Er zijn veel klanten die tijdens het project zeggen: ja en 

dan wil ik ook nog dit. En dat kost tijd” 

“There are many customers who change the 

requirements during the project” 

Consultant 

difficulty 

2 “Ook een factor is zitten er wel of geen consultants op… 

Als je zo’n type consultant hebt reken er maar gerust 10% 

bij” 

“Another factor is are the consultants 

involved…if such a consultant is involved 10% 

can be added to the budget” 

Local 

engineering team 

3 “Als we lokale engineering nodig hebben, dan heb ik een 

extra project leider, mechanische man nodig” 

“If we use local engineering, I need an extra 

project leader and mechanical engineer” 

Team experience 4 “Voor complexe projecten heb je ook meer ervaren 
mensen nodig… Project engineers, site manager, project 

manager” 

“For complex projects you need more 
experienced people…Project engineers, site 

manager, and project manager” 

Individual 

experience 

4 See Team Experience See Team Experience 

VI organization 

experience 

X   

Project type 1 “Major projects zijn projecten boven een bepaalde 

projectwaarde en boven een bepaalde complexiteit” 

“Major projects are projects above a project 

value and above a level of complexity”  

HLC software 

type 

6 “Ik zou daar een verschil maken of je VIBES nodig hebt of 
SAC. VIBES maakt het veel complexer”  

“I would make a difference between VIBES or 
SAC. VIBES increases the project complexity” 

Raw baggage 3 “Eentje die ook veel vraagt is welke technologieën zitten 

erin. Als het alleen over Raw Baggage gaat, dan hebben 
we één team nodig. Hebben we Raw Baggage en Tubtrax, 

dan hebben we twee teams nodig. Hebben we Raw 

Baggage, Tubtrax, en Bagtrax, dan hebben we drie teams 
nodig” 

“One other demanding factor is which 

technologies are included”. Raw baggage 
requires one team. Raw Baggage and Tubtrax 

require two teams. And Raw Baggage, 

Tubtrax, and Bagtrax require three teams. 

Tubtrax 3 See Raw Baggage  

Bagtrax 3 See Raw Baggage  

Loop sorter X   

System capacity 6 Hoe kritischer je capaciteit t.o.v. wat je technisch kan, dan 

gaan je uren omhoog. 

“If the system capacity is close to the design 

capactity, the hours go up” 

Technical 

experience 

1 “Sales zou aan moeten geven hoeveel procent is standard 

en hoeveel procent is special.” 

“Sales should indicate which part of the project 

is special and which part is special” 

New technology 4 “De ontwikkeling van een nieuw product in een project 
kan ook invloed hebben” 

“Developing a new product within a project 
can have an impact” 

Immature 

technology 

6 “De maturity van je technologie is ook heel belangrijk.” “The maturity of your technology is also very 

important”  

Technical 

novelty 

0   

Stakeholder 

experience 

5 “Ook belangrijk is met welke mensen zitten we samen en 
hoeveel ervaring zit daarin” 

“It is also important with who we work and 
how much experience we have with them” 
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Stakeholder 

reliability 

8 “Betrouwbaarheid van suppliers is belangrijk om binnen 

de budgetten en doorlooptijden te blijven” 

“Stakeholder reliability is important to stay 

within the budget and time” 

Stakeholder 

dependency 

X   

Stakeholder 

difficulty 

4 “Subcontractors zijn ook een risico. Als screening 

machines laat zijn, zijn wij ook laat” 

“Subcontractors are also a risk. If the screening 

machines are late, the project is late” 

Connections 7 “Het CAP systeem houdt voor de grootte ook het aantal 

connecties en motors bij” 

“The pricing system also keeps track of the 

number of connections and drivers for size” 

Length 1 “Sales neemt het aantal meters conveyor mee in het 
bepalen van het budget” 

“Sales includes meters of conveyor to estimate 
the budget” 

Drives 7 See connections  

Budget 0   

Source of item: 0 = Literature Study; 1..15 = interview, X = deliberation afterwards 
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Appendix D: Normality measures transformations 

 

Scale variable Mean Median Skewness Kurtosis 

Total Hours 21646,65 19891,46 0,739 -0,711 

LNEffort 9,6897 9,898 -0,386 -0,654 

Budget 8452153 5398729 1,662 2,462 

LNBudget 15,6276 15,5017 0,44 -0,813 

Drives 454,7391 323 0,971 -0,017 

LNDrives 5,6942 5,7777 -0,326 -0,794 

Connections 2543,783 1860 0,7 -0,81 

LNConnections 7,3757 7,5283 -0,439 -0,765 

Meters Conveyor 2249,304 1634 0,977 0,083 

LNMetersConveyor 7,2354 7,3988 -0,518 -0,527 

Hours Project Management 1857,087 1418 0,968 0,748 

LNEffortPM 7,2656 7,257 -0,292 -0,896 

Hours Integration Management 1284,435 659 2,195 4,997 

LNEffortIM 6,2344 6,654 -0,825 -0,141 

Hours Supply Chain/Procurement 523,1583 442 1,621 2,958 

LNEffortSC 6,0582 6,0913 0,172 -0,567 

Hours Project Leader Engineering 1698,61 976,5 1,483 2,047 

LNEffortPLE 6,9801 6,9881 -0,81 0,864 

Hours Mechanical Engineering 2766,605 2103,75 0,767 -0,318 

LNEffortME 7,4129 7,6515 -0,574 -0,582 

Hours Low Level Controls 7966,2 7189,01 0,982 0,666 

LNEffortLLC 8,6849 8,8803 -0,406 -0,731 

Hours High Level Controls 1907,467 1787,25 1,45 3,088 

LNEffortHLC 7,4384 7,565 -2,14 6,885 

Hours Site Management 3643,317 2928,03 1,901 4,07 

LNEffortSM 7,8189 7,9821 -0,265 -0,03 

  



 

 

 

40 

 

Appendix E: Effort vs Budget 
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Appendix F: Correlation table 

 

  
Country 

risk 

What was 
the field 
type? Slack 

Country 
Experience 

Customer 
deviations 

Who was 
our paying 
customer 
(DMU)? 

Customer's 
BHS 

experience 

Customer's 
experience 

with VI 

Customer's 
focus on its 

requirements 

Country risk 1 -,345 ,198 -,416* ,299 ,463* -,597** -,392* -,465** 

What was the field 
type? 

-,345 1 -,231 ,236 -,307 -,360 ,282 ,048 ,394* 

Slack ,198 -,231 1 -,086 -,262 ,227 ,078 ,096 ,105 

VI's experience of doing 
projects in this country 
at the start of the project 

-,416* ,236 -,086 1 -,207 -,133 ,529** ,687** ,300 

Customer deviations ,299 -,307 -,262 -,207 1 ,042 -,440* -,099 -,469** 

Who was our paying 
customer (DMU)? 

,463* -,360 ,227 -,133 ,042 1 -,235 -,040 ,015 

Customer's BHS 
experience 

-,597** ,282 ,078 ,529** -,440* -,235 1 ,721** ,633** 

Customer's experience 
with VI 

-,392* ,048 ,096 ,687** -,099 -,040 ,721** 1 ,310 

Customer's focus on its 
requirements 

-,465** ,394* ,105 ,300 -,469** ,015 ,633** ,310 1 

Amount of attention 
needed for customer 

-,017 ,029 -,020 -,183 -,007 ,020 ,184 -,082 ,533** 

Customer complexity -,326 ,134 -,103 ,050 ,071 ,008 ,245 ,064 ,474** 

Effort needed for 
consultant 

-,035 -,293 ,201 -,318 ,019 ,138 ,141 -,045 ,309 

Local team ,006 -,296 ,062 -,187 ,198 ,187 ,115 ,156 ,010 

Team experience -,178 -,149 ,324 ,516** -,134 ,148 ,437* ,599** ,229 

The project team 
consisted of 
experienced employees 

-,083 -,157 ,281 ,499** -,089 ,346 ,269 ,394* ,203 

Organization ready -,261 ,152 ,388* ,434* -,438* -,080 ,279 ,375* ,108 

What was the project 
type? 

-,200 ,089 -,060 ,369* -,183 -,015 ,364* ,429* ,151 

What was the HLC 
software type? 

,401* -,426* -,026 -,097 ,299 ,163 -,317 -,109 -,392* 

Tubtrax -,219 ,199 -,188 ,021 -,048 -,293 ,250 ,055 ,089 

Loopsorter ,178 -,261 ,044 ,037 ,096 ,256 -,006 ,108 ,011 

How would you classify 
the required system 
capacity? 

,320 -,405* ,045 -,196 ,016 ,305 -,012 ,074 -,148 

Technology experience ,423* -,075 ,283 -,272 ,045 ,247 -,240 -,006 -,178 

The project was used as 
a pilot for new R&D 
technologies 

-,335 -,165 -,009 ,256 ,052 ,020 ,198 ,062 ,169 

The project used 
immature technologies 

-,208 -,196 -,088 ,213 ,085 -,100 ,136 ,002 ,135 

Novelty of the project 
technologies 

-,256 -,264 ,096 ,159 -,168 -,058 ,038 -,126 ,091 

Experience with 
suppliers/subcontractors 

-,278 ,213 ,006 ,602** -,326 -,103 ,153 ,295 ,168 

Reliability of 
suppliers/subcontractors 

-,349 ,307 -,034 ,592** -,384* -,053 ,209 ,354 ,290 

Dependency of 
suppliers/subcontractors 

-,200 ,238 -,259 -,061 ,230 ,062 -,062 ,103 ,106 

The impact of 
suppliers/subcontractors 
on project delays 

,256 -,048 -,089 -,572** ,310 ,222 -,395* -,472** -,057 

LNDrives ,338 -,462* ,070 -,229 ,150 ,204 -,194 -,100 -,159 

LNConnections ,372* -,475** ,092 -,250 ,136 ,207 -,218 -,167 -,153 

LNMetersConveyor ,384* -,505** ,086 -,296 ,182 ,329 -,286 -,156 -,229 

LNBudget ,125 -,337 -,020 -,048 ,124 ,065 ,040 ,104 ,021 

LNEffort ,033 -,313 ,000 -,189 -,062 -,079 -,019 -,099 ,058 
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Customer 
difficulty 

Customer 
Complexity 

Consultant 
effort 

Local VI 
team 

Experienced 
team 

Experienced 
Individuals 

Organization 
ready Project type HLC type 

Country risk -,017 -,326 -,035 ,006 -,178 -,083 -,261 -,200 ,401* 

What was the field 
type? 

,029 ,134 -,293 -,296 -,149 -,157 ,152 ,089 -,426* 

Slack -,020 -,103 ,201 ,062 ,324 ,281 ,388* -,060 -,026 

VI's experience of doing 
projects in this country 
at the start of the project 

-,183 ,050 -,318 -,187 ,516** ,499** ,434* ,369* -,097 

Customer deviations -,007 ,071 ,019 ,198 -,134 -,089 -,438* -,183 ,299 

Who was our paying 
customer (DMU)? 

,020 ,008 ,138 ,187 ,148 ,346 -,080 -,015 ,163 

Customer's BHS 
experience 

,184 ,245 ,141 ,115 ,437* ,269 ,279 ,364* -,317 

Customer's experience 
with VI 

-,082 ,064 -,045 ,156 ,599** ,394* ,375* ,429* -,109 

Customer's focus on its 
requirements 

,533** ,474** ,309 ,010 ,229 ,203 ,108 ,151 -,392* 

Amount of attention 
needed for customer 

1 ,638** ,684** ,014 -,106 -,043 -,257 ,024 -,057 

Customer complexity ,638** 1 ,405* ,154 -,116 ,071 -,190 -,293 -,473** 

Effort needed for 
consultant 

,684** ,405* 1 ,348 ,115 ,042 -,118 ,066 ,036 

Local team ,014 ,154 ,348 1 -,042 -,077 -,136 -,065 -,100 

Team experience -,106 -,116 ,115 -,042 1 ,720** ,666** ,373* -,070 

The project team 
consisted of 
experienced employees 

-,043 ,071 ,042 -,077 ,720** 1 ,469** ,196 -,093 

Organization ready -,257 -,190 -,118 -,136 ,666** ,469** 1 ,296 -,196 

What was the project 
type? 

,024 -,293 ,066 -,065 ,373* ,196 ,296 1 ,379* 

What was the HLC 
software type? 

-,057 -,473** ,036 -,100 -,070 -,093 -,196 ,379* 1 

Tubtrax ,020 -,118 ,013 ,097 ,059 -,291 ,091 ,371* -,041 

Loopsorter ,274 -,116 ,263 ,070 -,021 -,013 -,181 ,493** ,636** 

How would you classify 
the required system 
capacity? 

,121 -,008 ,154 -,033 0,000 -,066 -,263 -,056 ,222 

Technology experience -,154 -,229 ,100 -,036 ,286 ,027 ,197 ,047 -,092 

The project was used as 
a pilot for new R&D 
technologies 

,234 ,206 ,161 ,038 -,046 ,194 -,120 ,145 ,170 

The project used 
immature technologies 

,258 ,124 ,219 -,070 -,074 ,086 -,208 ,180 ,391* 

Novelty of the project 
technologies 

,158 ,011 ,184 -,070 -,057 ,094 -,011 ,130 ,309 

Experience with 
suppliers/subcontractors 

-,214 -,186 -,265 -,291 ,525** ,481** ,693** ,162 -,166 

Reliability of 
suppliers/subcontractors 

-,091 -,023 -,117 -,286 ,519** ,363* ,698** ,202 -,238 

Dependency of 
suppliers/subcontractors 

,167 ,481** -,064 -,029 -,213 -,022 -,198 -,111 -,375* 

The impact of 
suppliers/subcontractors 
on project delays 

,242 ,306 ,088 ,008 -,630** -,406* -,676** -,237 ,050 

LNDrives ,196 -,262 ,363* ,091 ,094 -,098 -,115 ,473** ,669** 

LNConnections ,242 -,235 ,389* ,054 ,053 -,084 -,156 ,422* ,680** 

LNMetersConveyor ,110 -,282 ,315 ,132 ,050 -,051 -,143 ,370* ,679** 

LNBudget ,216 -,080 ,378* ,127 ,070 -,094 -,123 ,549** ,557** 

LNEffort ,496** -,015 ,514** ,006 -,184 -,306 -,236 ,439* ,545** 
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  Tubtrax Loopsorter 
System 
capacity 

Technical 
experience 

New 
technology 

Immature 
technology 

Technology 
novelty 

Supplier 
experience 

Supplier 
reliability 

Country risk -,219 ,178 ,320 ,423* -,335 -,208 -,256 -,278 -,349 

What was the field 
type? 

,199 -,261 -,405* -,075 -,165 -,196 -,264 ,213 ,307 

Slack -,188 ,044 ,045 ,283 -,009 -,088 ,096 ,006 -,034 

VI's experience of doing 
projects in this country 
at the start of the project 

,021 ,037 -,196 -,272 ,256 ,213 ,159 ,602** ,592** 

Customer deviations -,048 ,096 ,016 ,045 ,052 ,085 -,168 -,326 -,384* 

Who was our paying 
customer (DMU)? 

-,293 ,256 ,305 ,247 ,020 -,100 -,058 -,103 -,053 

Customer's BHS 
experience 

,250 -,006 -,012 -,240 ,198 ,136 ,038 ,153 ,209 

Customer's experience 
with VI 

,055 ,108 ,074 -,006 ,062 ,002 -,126 ,295 ,354 

Customer's focus on its 
requirements 

,089 ,011 -,148 -,178 ,169 ,135 ,091 ,168 ,290 

Amount of attention 
needed for customer 

,020 ,274 ,121 -,154 ,234 ,258 ,158 -,214 -,091 

Customer complexity -,118 -,116 -,008 -,229 ,206 ,124 ,011 -,186 -,023 

Effort needed for 
consultant 

,013 ,263 ,154 ,100 ,161 ,219 ,184 -,265 -,117 

Local team ,097 ,070 -,033 -,036 ,038 -,070 -,070 -,291 -,286 

Team experience ,059 -,021 0,000 ,286 -,046 -,074 -,057 ,525** ,519** 

The project team 
consisted of 
experienced employees 

-,291 -,013 -,066 ,027 ,194 ,086 ,094 ,481** ,363* 

Organization ready ,091 -,181 -,263 ,197 -,120 -,208 -,011 ,693** ,698** 

What was the project 
type? 

,371* ,493** -,056 ,047 ,145 ,180 ,130 ,162 ,202 

What was the HLC 
software type? 

-,041 ,636** ,222 -,092 ,170 ,391* ,309 -,166 -,238 

Tubtrax 1 -,212 -,047 ,052 ,054 -,100 -,100 -,140 -,142 

Loopsorter -,212 1 ,051 -,244 ,380* ,525** ,471** -,102 -,103 

How would you classify 
the required system 
capacity? 

-,047 ,051 1 ,353 -,232 -,202 -,287 -,259 -,354 

Technology experience ,052 -,244 ,353 1 -,708** -,669** -,703** -,060 ,000 

The project was used as 
a pilot for new R&D 
technologies 

,054 ,380* -,232 -,708** 1 ,828** ,806** ,023 -,102 

The project used 
immature technologies 

-,100 ,525** -,202 -,669** ,828** 1 ,818** ,050 -,094 

Novelty of the project 
technologies 

-,100 ,471** -,287 -,703** ,806** ,818** 1 ,102 ,017 

Experience with 
suppliers/subcontractors 

-,140 -,102 -,259 -,060 ,023 ,050 ,102 1 ,840** 

Reliability of 
suppliers/subcontractors 

-,142 -,103 -,354 ,000 -,102 -,094 ,017 ,840** 1 

Dependency of 
suppliers/subcontractors 

,062 -,217 ,084 ,124 -,123 -,335 -,386* -,138 -,064 

The impact of 
suppliers/subcontractors 
on project delays 

-,048 ,030 ,180 ,072 -,136 -,140 -,168 -,745** -,600** 

LNDrives ,276 ,508** ,254 ,240 ,099 ,319 ,159 -,168 -,255 

LNConnections ,220 ,547** ,262 ,198 ,145 ,370* ,224 -,181 -,295 

LNMetersConveyor ,117 ,524** ,272 ,243 ,088 ,301 ,145 -,168 -,288 

LNBudget ,345 ,545** ,099 ,062 ,207 ,417* ,224 -,297 -,251 

LNEffort ,211 ,607** ,170 -,163 ,346 ,503** ,480** -,311 -,231 
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*. Correlation is significant 
at the 0.05 level (2-tailed). 

**. Correlation is significant 
at the 0.01 level (2-tailed). 

  
Supplier 

dependency 
Supplier 
impact LNDrives LNConnections LNMetersConveyor LNBudget LNEffort 

Country risk -,200 ,256 ,338 ,372* ,384* ,125 ,033 

What was the field 
type? 

,238 -,048 -,462* -,475** -,505** -,337 -,313 

Slack -,259 -,089 ,070 ,092 ,086 -,020 ,000 

VI's experience of doing 
projects in this country 
at the start of the project 

-,061 -,572** -,229 -,250 -,296 -,048 -,189 

Customer deviations ,230 ,310 ,150 ,136 ,182 ,124 -,062 

Who was our paying 
customer (DMU)? 

,062 ,222 ,204 ,207 ,329 ,065 -,079 

Customer's BHS 
experience 

-,062 -,395* -,194 -,218 -,286 ,040 -,019 

Customer's experience 
with VI 

,103 -,472** -,100 -,167 -,156 ,104 -,099 

Customer's focus on its 
requirements 

,106 -,057 -,159 -,153 -,229 ,021 ,058 

Amount of attention 
needed for customer 

,167 ,242 ,196 ,242 ,110 ,216 ,496** 

Customer complexity ,481** ,306 -,262 -,235 -,282 -,080 -,015 

Effort needed for 
consultant 

-,064 ,088 ,363* ,389* ,315 ,378* ,514** 

Local team -,029 ,008 ,091 ,054 ,132 ,127 ,006 

Team experience -,213 -,630** ,094 ,053 ,050 ,070 -,184 

The project team 
consisted of 
experienced employees 

-,022 -,406* -,098 -,084 -,051 -,094 -,306 

Organization ready -,198 -,676** -,115 -,156 -,143 -,123 -,236 

What was the project 
type? 

-,111 -,237 ,473** ,422* ,370* ,549** ,439* 

What was the HLC 
software type? 

-,375* ,050 ,669** ,680** ,679** ,557** ,545** 

Tubtrax ,062 -,048 ,276 ,220 ,117 ,345 ,211 

Loopsorter -,217 ,030 ,508** ,547** ,524** ,545** ,607** 

How would you classify 
the required system 
capacity? 

,084 ,180 ,254 ,262 ,272 ,099 ,170 

Technology experience ,124 ,072 ,240 ,198 ,243 ,062 -,163 

The project was used as 
a pilot for new R&D 
technologies 

-,123 -,136 ,099 ,145 ,088 ,207 ,346 

The project used 
immature technologies 

-,335 -,140 ,319 ,370* ,301 ,417* ,503** 

Novelty of the project 
technologies 

-,386* -,168 ,159 ,224 ,145 ,224 ,480** 

Experience with 
suppliers/subcontractors 

-,138 -,745** -,168 -,181 -,168 -,297 -,311 

Reliability of 
suppliers/subcontractors 

-,064 -,600** -,255 -,295 -,288 -,251 -,231 

Dependency of 
suppliers/subcontractors 

1 ,482** -,221 -,244 -,194 -,111 -,229 

The impact of 
suppliers/subcontractors 
on project delays 

,482** 1 ,051 ,060 ,103 ,128 ,160 

LNDrives -,221 ,051 1 ,986** ,963** ,825** ,704** 

LNConnections -,244 ,060 ,986** 1 ,953** ,806** ,718** 

LNMetersConveyor -,194 ,103 ,963** ,953** 1 ,756** ,621** 

LNBudget -,111 ,128 ,825** ,806** ,756** 1 ,746** 

LNEffort -,229 ,160 ,704** ,718** ,621** ,746** 1 
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Appendix G: PCA analysis 

Complexity of Interaction - Component Matrixa 

 

Component 

1 2 3 4 5 

What was the coutry risk -,552 -,343 -,318 ,209 ,513 

VI's experience of doing projects in this country at the 

start of the project 

,876 ,075 ,229 ,011 ,240 

Who was our paying customer (DMU)? -,343 ,097 -,146 ,303 ,769 

Customer's BHS experience ,656 ,518 -,073 -,306 ,014 

Customer's experience with VI ,725 ,249 ,297 -,234 ,446 

Customer's focus on its requirements ,332 ,759 -,210 ,317 -,114 

Amount of attention needed for customer -,154 ,801 -,279 ,284 ,012 

Complexity of the customer  -,138 ,816 ,267 ,104 ,002 

Customer deviations -,456 -,051 ,507 -,234 ,235 

Effort needed for consultant -,149 ,706 -,495 -,182 ,065 

Was there a local VI team for the design/engineering 

phase on site? 

-,230 ,332 -,056 -,748 ,188 

Experience with suppliers/subcontractors ,817 -,315 -,019 ,201 ,116 

Reliability of suppliers/subcontractors ,842 -,072 ,013 ,373 ,019 

Dependency of suppliers/subcontractors -,177 ,404 ,807 ,222 ,038 

The impact of suppliers/subcontractors on project delays -,794 ,265 ,300 ,267 -,126 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 4,621 30,808 30,808 4,621 30,808 30,808 

2 3,293 21,956 52,764 3,293 21,956 52,764 

3 1,708 11,386 64,149 1,708 11,386 64,149 

4 1,423 9,488 73,637 1,423 9,488 73,637 

5 1,250 8,334 81,972 1,250 8,334 81,972 

6 ,930 6,201 88,173    

7 ,554 3,695 91,869    

8 ,359 2,391 94,260    

9 ,294 1,959 96,219    

10 ,207 1,378 97,597    

11 ,154 1,024 98,621    

12 ,080 ,536 99,157    

13 ,072 ,482 99,639    

14 ,029 ,192 99,831    

15 ,025 ,169 100,000    
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Complexity of Fact Component Matrixa 

 

Component 

1 2 

What was the project type? ,586 ,404 

What was the HLC software type? ,806 -,300 

Tubtrax ,235 ,906 

Loopsorter ,674 -,471 

How would you classify the required system capacity? ,301 -,285 

LNDrives ,967 ,090 

LNConnections ,966 ,018 

LNMetersConveyor ,934 -,088 

LNBudget ,874 ,198 

Extraction Method: Principal Component Analysis. 

a. 2 components extracted. 

Total Variance Explained 

Componen

t 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance Cumulative % 

1 5,096 56,628 56,628 5,096 56,628 56,628 

2 1,433 15,920 72,548 1,433 15,920 72,548 

3 ,951 10,572 83,119    

4 ,691 7,678 90,798    

5 ,305 3,392 94,190    

6 ,293 3,253 97,443    

7 ,193 2,143 99,585    

8 ,033 ,364 99,949    

9 ,005 ,051 100,000    

Extraction Method: Principal Component Analysis. 
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Complexity of Faith - Component Matrixa 

 

Component 

1 2 3 

What was the field type? -,181 -,498 ,735 

How much slack did the project schedule allow for? -,165 ,561 -,392 

VI executed technically similar projects before / standard products were used -,823 ,012 -,359 

The project was used as a pilot for new R&D technologies ,879 ,327 ,053 

The project used immature technologies ,859 ,281 -,006 

Novelty of the project technologies ,841 ,411 ,074 

The project team was used to working together -,500 ,741 ,218 

The project team consisted of experienced employees -,313 ,787 ,076 

VI's organization was ready for the project (the right permits, legal entity) -,388 ,632 ,511 

Extraction Method: Principal Component Analysis. 

a. 3 components extracted. 

 

 

Total Variance Explained 

Componen

t 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance Cumulative % 

1 3,455 38,387 38,387 3,455 38,387 38,387 

2 2,484 27,601 65,988 2,484 27,601 65,988 

3 1,145 12,726 78,714 1,145 12,726 78,714 

4 ,843 9,367 88,081    

5 ,388 4,310 92,391    

6 ,348 3,867 96,258    

7 ,146 1,624 97,882    

8 ,114 1,266 99,148    

9 ,077 ,852 100,000    

Extraction Method: Principal Component Analysis. 
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Appendix H: ANOVA analysis 

 

 

 Total PM IM SC PLE ME LLC HLC SM 

Field type         

Country risk         

Country experience         

Slack          

Customer type         

CustBHSExp         

CustVIExp 0,513277  1,243  0,818 0,897    

CustReqFocus         

CustDifficulty         

CustComplex         

CustDeviations         

ConsultDifficulty 0,497        

LocalTeam         

TeamExp         0,545 

IndividualExp        0,641 

OrgReady        0,536 

ProjectType 0,484  1,651  1,026 0,901 0,457   

HLCType 0,473  2,651   1,006 0,459 0,813  

Tubtrax    0,333      

Loopsorter 0,42 0,555 2,522  0,891 0,846 0,372  0,732 

Capacity          

TechExp          

NewTech 0,565       0,891  

ImmatureTech 0,518      0,457 0,917  

TechNovelty 0,519      0,498 0,695  

SupExp  0,505       0,527 

SupReliability        0,613 

SupDependency         

SupImpact 0,54  1,458  0,773  0,585   

LNDrives 0,422 0,451 2,414 0,217 0,743 0,432 0,469  0,581 

LNConnections 0,395 0,407 2,438 0,222 0,734 0,458 0,449  0,523 

LNMetersConveyor 0,492 0,504 2,711 0,266 0,838 0,46 0,525  0,629 

LNBudget 0,3 0,372 2,197 0,148 0,633 0,568 0,344  0,488 

Round 1 
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 Total PM IM SC PLE ME LLC HLC SM 

Field type         

Country risk   0,078      

Country experience        0,307 

Slack        0,487  

Customer type         

CustBHSExp         

CustVIExp 0,135 0,233 CONF 0,084 0,34 CONF 0,213  0,268 

CustReqFocus   0,097      

CustDifficulty         

CustComplex         

CustDeviations 0,181 0,241     0,207   

ConsultDifficulty 0,21 0,245     0,246   

LocalTeam         

TeamExp         0,316 

IndividualExp        0,335 

OrgReady        0,334 

ProjectType CONF  INCL  CONF CONF CONF   

HLCType CONF  CONF   CONF CONF CONF  

Tubtrax    CONF      

Loopsorter 0,233 CONF CONF  CONF CONF 0,236  CONF 

Capacity          

TechExp 0,135 0,235     0,152   

NewTech CONF       CONF  

ImmatureTech CONF      CONF CONF  

TechNovelty 0,14 0,265     0,141 INCL  

SupExp  CONF       0,286 

SupReliability        CONF 

SupDependency 0,18 0,247     0,2   

SupImpact 0,164  0,878  0,288  0,209   

LNDrives CONF CONF CONF CONF CONF INCL CONF  CONF 

LNConnections CONF CONF CONF CONF CONF CONF CONF  CONF 

LNMetersConveyor CONF CONF CONF CONF CONF CONF CONF  CONF 

LNBudget INCL INCL CONF INCL INCL CONF INCL  INCL 

 

  

Round 2 
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 Total PM SC LLC SM 

Field type     

Country risk 0,115     

Country experience 0,12   0,14 CONF 

Slack      

Customer type     

CustBHSExp     

CustVIExp 0,1 CONF  0,146 INCL2 

CustReqFocus  INCL2   

CustDifficulty     

CustComplex     

CustDeviations CONF 0,189  CONF  

ConsultDifficulty CONF INCL2  CONF  

LocalTeam     

TeamExp  0,203   0,184 

IndividualExp    0,179 

OrgReady    CONF 

ProjectType     

HLCType      

Tubtrax      

Loopsorter CONF   CONF  

Capacity      

TechExp 0,127 0,196  CONF  

NewTech      

ImmatureTech     

TechNovelty INCL2 CONF  INCL2  

SupExp     CONF 

SupReliability     

SupDependency CONF 0,204  CONF  

SupImpact 0,097   0,12  

LNDrives      

LNConnections     

LNMetersConveyor     

LNBudget INCL1 INCL1 INCL1 INCL1 INCL1 

 

  

Round 3 
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Appendix I: 100% models 

 

Activity Variable B Activity Variable B 

PM (Constant) -2,747 LLC (Constant) -1,447 

 LNBudget 0,674  LNBudget 0,65 

 Country experience -0,147  Technology novelty 0,204 

    Team Experience -0,184 

    Loopsorter 0,446 

IM (Constant) -18,904 HLC (Constant) -4,835 
 LNBudget 1,611  Technology novelty 0,53 

     LNBudget 0,698 

SC (Constant) -6,655 SM (Constant) -1,941 
  LNBudget 0,808  Country experience -0,36 
    LNBudget 0,696 

PLE (Constant) -7,873 TOTAL (Constant) -3,1407 
 LNBudget 1,04  LNBudget 0,788177 

 Team experience -0,354  Technology novelty 0,252676 

ME (Constant) -9,169    

 LNBudget 1,07    

Activity Variable B Activity Variable B 

PM (Constant) 3,806 LLC (Constant) -4,492 
 LNConnections 0,519  LNBudget 0,866 
 [ConsultDifficulty2=1,00] -0,591  [TechNovelty2=1,00] -0,855 

IM (Constant) -18,904  [TechNovelty2=2,00] -0,421 
 LNBudget 1,611  [IndividualExp2=1,00] 0,471 

SC (Constant) -6,655 HLC Intercept 7,579 
  LNBudget 0,808  [HLCType=,00] -1,111 

     [HLCType=1,00] 1,668 

PLE (Constant) -9,329 SM (Constant) 3,231 
 LNBudget 1,031  LNDrives 0,597 
 [TeamExp2=1,00] 0,807  [SupExp2=1,00] 1,804 
    [SupExp2=2,00] 1,043 

ME (Constant) 2,023 TOTAL (Constant) -3,458 
 LNDrives 0,96  LNBudget 0,875 

    [TechNovelty2=1,00] -0,785 
    [TechNovelty2=2,00] -0,381 
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 PCA   ANOVA   

 MAE MPE MAPE MAE MPE MAPE 

PM 628,88 0,39% 26,50% 721,5295 30,00% 41,15% 
IM 1698,55 -34,46% 89,17% 1698,55 34,46% 89,17% 
SC 82,29 -182,80% 199,67% 82,29453 182,80% 199,67% 
PLE 612,89 -5,64% 54,41% 482,1547 3,36% 39,28% 
ME 1529,18 36,14% 36,14% 1181,342 -17,53% 29,67% 
LLC 4260,55 7,48% 48,88% 2936,254 4,21% 35,81% 
HLC 3940,17 -48,87% 108,82% 2375,397 -0,62% 42,19% 
SM 2076,33 -16,22% 57,12% 3003,911 7,44% 70,24% 
Sum 12222,74 10,28% 36,78% 8300,388 -11,15% 24,74% 
Total 10996,75 -14,24% 47,41% 9430,606 10,35% 40,16% 
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Appendix J: Further analysis 

PCA model with zero hours activities 

PCA model with different validation set 

Activity Variable B Activity Variable B 

PM (Constant) -4,024 LLC (Constant) -2,585 
 LNBudget 0,727  LNBudget 0,706 
    Technology novelty 0,378 
    Individual Experience -0,166 

IM (Constant) -22,02 HLC (Constant) -27,995 
 LNBudget 1,762  Technology novelty 1,374 
    LNBudget 1,796 

     Individual Experience 0,82 

SC (Constant) -4,039 SM (Constant) -3,027 
  LNBudget 0,646  LNBudget 0,752 
    Country experience -0,301 

PLE (Constant) -15,233 TOTAL (Constant) -2,761 
 LNBudget 1,406  LNBudget 0,75 

    Technology novelty 0,331 

ME (Constant) -10,416    

 LNBudget 1,14    

Activity Variable B Activity Variable B 

PM (Constant) -2,986 LLC (Constant) -0,995 
 LNBudget 0,687  LNBudget 0,642 
 Country experience -0,157  Technology novelty 0,336 
    Individual Experience -0,306 

IM (Constant) -15,926 HLC (Constant) 4,526 
 LNBudget 1,423  Technology novelty 0,984 
      

       

SC (Constant) -5,631 SM (Constant) -2,85 
  LNBudget 0,802  LNBudget 0,749 
 Individual experience -0,272  Country experience -0,352 

PLE (Constant) -6,471 TOTAL (Constant) -3,386 
 LNBudget 0,868  LNBudget 0,844 

      

ME (Constant) -7,487    

 LNBudget 0,96    
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Dependent Variable Case Number Std. Residual Actual Value Predicted Value Residual 

LNEffort 3 2,8 10,96 9,6433 1,31926 

LNEffortPM 12 2,922 8,82 7,1353 1,68743 

LNEffortSC 4 -4,111 2,74 5,2313 -2,49046 

LNEffortPLE 8 -2,571 4,01 5,9026 -1,89522 

LNEffortPLE 31 -2,046 4,76 6,2702 -1,50808 

LNEffortME 3 2,184 8,65 6,9774 1,67724 

LNEffortME 24 -3,12 4,82 7,217 -2,39673 

LNEffortLLC 3 2,357 9,68 8,6654 1,0134 

LNEffortSM 31 -2,086 5,99 7,2069 -1,21539 

Outliers outside 2 standard deviations 

 

PCA model without outliers 

 

Activity Variable B Activity Variable B 

PM (Constant) -4,68 LLC (Constant) -2,585 
 LNBudget 0,764  LNBudget 0,706 
    Technology novelty 0,378 
    Individual Experience -0,166 

IM (Constant) -15,711 HLC (Constant) -3,426 
 LNBudget 1,31  Technology novelty 0,628 
 Technology novelty 0,608  LNBudget 0,592 

SC (Constant) -4,039 SM (Constant) -2,554 
  LNBudget 0,646  LNBudget 0,719 
    Country experience -0,272 

PLE (Constant) -5,999 TOTAL (Constant) -2,761 
 LNBudget 0,844  LNBudget 0,75 

    Technology novelty 0,331 

ME (Constant) -9,561    

 LNBudget 1,092    
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