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Abstract 
 
 

Governments give high priority to ICT investments because of the increasing needs for 

information, transparency and accountability. ICT services facilitate decision-making, foster 

citizen participation and enhance the efficient delivery of goods and services. In addition, ICT 

in public administration has a great impact in efficiency and productivity of government 

performance contributing to internal operations and service functions. Furthermore the use 

of ICT services in the public sector improves information access and quality for both public 

administrators and citizens. ICT services provide open governmental processes by 

monitoring government performance and by informing citizens about decisions and actions. 

For the above reasons the expenditure of ICT investments are increasing. However the lack 

of previous knowledge about completed ICT projects, the lack of experience from 

estimator’s project managers in this field, the frequent changes of the requirements, the 

rapid changes in information technology and the methodology of software development 

increase the uncertainty in the developing process and the cost of the final product.  

 

In this master thesis, data from governmental ICT projects are analyzed. We investigated the 

dependency in the factors of the performance of ICT projects according to the data that are 

gathered using statistical and correlation analysis between the different attributes of ICT 

project data. Furthermore a classification model for predicting cost and schedule slippage 

using data mining techniques it is proposed. The model uses the initial planning of an ICT 

project in terms of budget and schedule and then predicts the category of cost and schedule 

slippage of the project. Three categories are distinguished where low slippage is considered 

normal, medium slippage requires attention, and large slippage requires action. The model 

was trained and validated with two data sets from the US Federal IT Dashboard and the 

Dutch Rijks-ICT-Dashboard, respectively that hold project data for large governmental ICT 

projects. The classification model is intended as a project management tool for sponsors and 

managers of large ICT projects in the public sector. Also a data model is presented for 

evaluating the performance of ICT project and we introduce an improved ICT dashboard for 

monitoring and controlling for the Greek ICT investments. In Greek case in order to gather 

the data we had contact with the responsible of agencies in public sector such as Digital 

Converge, GSIS , Infosoc ,GRNET to collect the lists of the Greek ICT investments and the 

contact points of project stakeholders. A questionnaire has been given to all responsible of 

ICT projects so as to obtain the quantitative data which are necessary for the algorithmic 

process (applications categorization, clustering and association rules, which are state of the 

art in data mining).   

The result of this master thesis is the detailed analysis of governmental ICT projects. The 
combination of statistical, correlation and mining analysis extracts useful conclusions for ICT 
projects. Also a detailed description of an evaluation model is presented for evaluating the 
performance of ICT project and we will introduce an improved ICT dashboard for monitoring 
and controlling for the Greek ICT investments as well as a classification model for predicting 
the performance’s slippage.  
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Chapter 1 
Introduction  

1.1 Motivation   

 
Nowadays governments are increasing their expenditures based on their national budget 

that are related to ICT projects. More specifically according to the 2013 Global Information 

Technology Report (Beñat Bilbao-Osorio 2013) the European Union must invest in a major 

upgrade to its fixed and mobile telecommunication network, a cost estimated at €250 to 

€320 billion. The Finnish government’s total ICT expenditure was EUR 907.6 million in 2010 

(Finance 2011). The total investments for the Greek government of ICT projects are 

calculated at €510.2 million based on the Implementation Report for Information and 

Communication Technology (ICT) action plan1 that was prepared by the Office of the Vice 

President of the Hellenic Government and Prime Minister’s E-Government office from 2009 

to 2012.  

Governments give high priority to ICT investments because of the increasing information, 

transparency and accountability. ICT services facilitate in decision-making, foster the public 

participation and enhance the efficient delivery of goods and services (Magno 2001). In 

addition, ICT on public administration has a great impact in efficiency and productivity of 

government performance contributing in internal operations and service functions. 

Furthermore the use of ICT services in public sector improves data access and quality for 

both public administrators and citizens (Danziger 2006). ICT services provide open 

governmental processes by monitoring government performance and by informing citizens 

about decisions and actions (Bhatnagar 2003). 

The estimation of the performance of ICT project is a very uncertain. One significant 

factor influencing uncertainty is the lack of previous knowledge about completed software 

projects. In addition many times ICT projects are underestimated due to the lack of 

experience from estimator’s project managers in this field. The frequent changes of the 

requirements make difficult the formation at the start of an ICT project. Also the 

management of a software product is related to the complexity of the software and the 

experience of the development team. Furthermore the rapid changes in information 

technology and the methodology of software development influence the requirements of a 

software product. The above reasons contribute to the high rate of cancellation and failure 

in ICT projects. More specifically 11 – 15 % of ICT projects are cancelled and 16 - 22 % of ICT 

projects are considered unsuccessful on the basis of their performance  

(Khaled El Emam 2008 ). 

ICT projects have high rates of significant overrun of initial budgets and schedule, or even 
unsuccessful termination (Yeo 2002). To increase accountability and control over public ICT 

                                                           
1
 Report for Information and Communication Technology , Vice President of the Hellenic Government 

and Prime Minister’s E-Government office. 

http://www.publictechnology.net/news/global-information-technology-report-2013-highlights-investment-gaps-eu/37706
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projects, project managers and project sponsors could benefit from instruments that predict 
which projects are likely to run into trouble.  
 
 
 

1.2 Research objective & questions 

 
The objectives of this master thesis are: 
 

 analyze governmental ICT investments. 

 propose a classification model for predicting cost slippage using data mining 
techniques. 

 propose an evaluation model for evaluating ICT projects. 

 introduce improvements for existing ICT dashboards. 
 

 
The main research question is: 
How can analyze government’s ICT projects using data mining techniques? 
 
 
The research questions addressed in this master are the following: 
 

• Q1: Which are the current available sources? 
• Q2: How could we collect data from Greek government? 
• Q3: Can we propose a model for evaluating performance of ICT projects?  
• Q4: Which is the correlation between factors of the ICT investments? 
• Q5: How data mining techniques can be used for analyzing ICT projects? 
• Q6: How can a classification model be constructed for performance‘s slippage? 
• Q7: How good is the resulting classification? 

 
 
 

1.3 Research contribution  
 
The contribution of this master thesis is the detailed analysis of governmental ICT projects 
with the combination of statistical, correlation and mining techniques which will extract 
useful conclusions for ICT projects. The proposed evaluation model which will be presented 
for evaluating the performance of ICT project and we will introduce an improved ICT 
dashboard for monitoring and controlling for the Greek ICT investments. Furthermore a 
classification model for predicting cost and schedule slippage will be proposed.  For ICT 
project management, this model, or an enhanced one, can be used in predicting slippages 
during the development of the project and thus is intended as a project management tool 
for sponsors and managers of large ICT projects in the public sector. 
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We identify the following academic research contributions: 
 
 

 A descriptive statistical analysis   

 A correlation analysis for all attributes. 

 A comparison between governmental sources. 

 A classification model for predicting cost and schedule slippage. 

 A description of an evaluation process for ICT projects. 

 A detailed analysis of Greek ICT projects.  

 An improved ICT dashboard. 
 

We believe that this thesis will have an actual contribution both to the academic and to the 

business environment and also that it will create the foundations for future research. 

 

 

1.4 Plan of Thesis 

 
The layout of this thesis is as follows: Chapter 2 lays down the description of the research 
approach and research methodology employed along with reasons for the choices made. 
Chapter 3 provides a more in-depth analysis of related literature and concepts of the state of 
the art data mining techniques. Chapter 4 describes the data collection approach with the 
current available sources and the procedure of gathering data from the Greek government. 
Chapter 5 focuses on the statistical analysis providing descriptive statistics and discovering 
dependencies with hypothesis testing, correlation and factor analysis. Chapter 6 analyses 
the data using mining techniques which are used for the implementation of a classification 
model for predicting spillages in terms on cost and schedule of ICT projects. Chapter 7 
constitutes the evaluation part of the classification model comparing our approach with 
other well known classifiers. Chapter 8 introduces ideas for improvements of the available IT 
dashboards proposing the design of an improved dashboard based on the analysis of the 
responses of the project managers for Greek ICT projects. Finally, Chapter 9 puts forward the 
derived conclusions as well as the limitations faced in and the threads of validity and 
identifies some directions for future research work. 
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Chapter 2 
Research Method 

 
 
In order to provide answers to the research questions, we need to decompose each research 
question and find the necessary research approaches through which these questions can be 
answered. The next table displays the research approach for every sub-question. 
 
 

Research sub-question Approach 

SQ1.1: Which governments provide data for 
ICT projects? 
 

- Study for online dashboards. 
- Data feeds of the public sources. 

SQ1.2: Can we retrieve data from available 
sources? 
 

- Study related works. 
- Contact with administrators of 

dashboards. 

SQ2.1: Which agencies manage ICT projects 
for the Greek government? 

- Lists with the expenditures for ICT 
projects. 

- Contact with the people related to 
Greek government. 

SQ2.2: Which are the current responsible for 
Greek ICT projects? 
 

- Formal letter to all agencies. 
- Ask for contact point of project 

manager.  

SQ2.3: Can we propose a methodology to 
collect data from ICT stakeholders? 

- Survey approach using a typical 
questionnaire. 

- Data model for evaluating 
performance of ICT projects. 

SQ3.1: How ICT projects can be evaluated? - Study indexes of projects 
performance. 

- Discover limitations of current 
approaches. 

SQ3.2: Can we include Project managers’ 
opinions in the model? 

- Propose an evaluation model 
- Compare performance based on 

Project manager with performance 
of raw data.  

SQ4.1: Which attributes of ICT projects are 
highly collated? 

- Literature study of correlation 
analysis. 

- Use alternative techniques of 
analysis. 

SQ5.1: Which techniques of data mining can 
be used for the analysis ; 

- Literature study of data mining 
techniques. 

- Clustering , categorization & 
association rules. 

SQ5.2: Which method can be used for 
preprocessing of data? 

- Literature study of data mining for 
preprocessing. 

- Removal of extreme values  

SQ6.1: How can we include different data - Using clustering and association 
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mining techniques in a classification model? rules for preprocessing.  

SQ6: How can we integrate different 
classifiers in a classification model? 

- Data cleaning 
- Removal of outliers.  

SQ7.1: How can we evaluate our 
classification? 
 

- Literature study of metrics. 
- Comparison with other classifiers. 

 

 

2.1 Research structure 

 
The research approaches that we defined in previous table, are not necessarily answered in 
the same order as displayed in the table, i.e., the literature study precedes all other 
approaches. The thesis itself is structured in phases as shown in next table. 
 

Phase  Description - Actions involved 
Phase 1: Literature study 

 
- Getting familiar with the research area, 

getting/creating definitions of concepts 
and terminology. 

-  Studying the ICT project management, 
the current IT dashboards and their 
limitations. 

-  Studying the Greek ICT investments 
-  Studying the state of the art data mining 

approaches. 

Phase 2: Data collection 
 

- Searching for available data sources. 
- Survey approach using questionnaires.  

Phase 3: Statistical analysis 

 
- Providing descriptive statistics. 
- Discovering dependencies and 

correlations. 

Phase 4: Mining analysis 

 
- Analyzing with the data mining 

techniques. 
- Implementing a classification model to 

predict spillages. 

Phase 5: Evaluation 

 
-  Evaluating the classification model. 
- Comparing our approach with other 

well-known classifiers. 

Phase 6: Discussion 
 

- Introducing ideas for improvements of 
the available IT dashboards. 

- Analyzing the responses of project 
managers. 

- Designing a dashboard for Greek ICT 
projects. 

Phase 7: Conclusion 
 

- Informing about the general results. 
- Discussing the limitations. 
- Introducing the threads of validity. 
- Identifying directions for future research 

work. 
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2.2 Research phases 

 
Research phase 1: Literature study approach 
 
The first phase of the research is performed by conducting a literature study. Books journal 
articles, conference papers, published literature reviews are the sources of information for 
this research. These sources are accessed through web-based search engines, tailored for 
academic purposes, such as Scirus, Google Scholar, Citeseer and Mendeley. For each article 
we studied, the set of concepts and methods that are described were extracted. These 
findings were examined and evaluated in terms of the applicability that they may have in our 
research. More specifically the topics and terms that we searched are about project 
management of ICT projects and concepts and definitions about the state of the art data 
mining techniques. 
 
 
Research phase 2: Data collection 
 
The data collection is the second phase of the research and constitutes the most vital 
procedure for the whole research and initiates the data mining approach. We examine the 
ways to collect governmental ICT investments from American, Dutch and Greek government. 
The availability of these data depends on the degree of transparency and organization of 
each government. The current available dashboards are the IT federal and Dutch National 
ICT dashboard U.S.A. and the Dutch government respectfully. Especially USA IT Federal 
dashboard gives the ability to retrieve data of the ICT investments. In Dutch case, data of ICT 
expenditures have been provided by Dutch consultancy firm SIG (Software Improvement 
Group). In Greek case we follow a complete questionnaire approach which it will described 
in the chapter 3. 
 
 
Research phase 3: Statistical Analysis 
 

In this phase of the research we analyze the data using descriptive statistics which provides 
simple summaries about the sample and about the observations that have been made. In 
addition correlation and dependencies between the factors of ICT projects are examined 
using hypothesis testing, correlation and factor analysis. The results of this phase contribute 
to the next step of the research and determine the feature selection and the merging of 
different sources 

 
Research phase 4: Mining Analysis 
 
In this phase of the research we introduce the state of the art data mining techniques so as 

to analyze the data. Mining analysis consists of a set of techniques that can be used to 

extract relevant and interesting knowledge from data such as clustering, classification and 

association rules are used for the discovery of useful observations about the ICT projects. 

Furthermore these techniques contribute to the creation of a classification model for cost & 

schedule slippage. 
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Research phase 5: Evaluation 
 
During this research phase the classification model is evaluating.  We use 10-cross validation 
in order to split the dataset in train and test set. The evaluation constitutes the following 
steps: 
 

1. Using all the available datasets 
2. Exporting the metrics  
3. Comparing the results with other classifiers 

 
More information about the evaluation process is in Chapter 7. 
 
 
Research phase 6: Discussion 
 
In this phase ideas for improvements of the available IT dashboards are introduced in terms 
on functionality, structure, reporting and transparency. In addition we analyze the responses 
of the Projects managers of the survey for the Greek ICT projects. Also it is proposed the 
design of an ICT dashboard for monitoring and controlling the ICT projects for the Greek 
government based on the current ones. The proposed dashboard improves the limitations of 
the current ones and provides services that increase the visibility to projects’ stakeholders 
and transparency to the citizens, including more indicators and comparing performances 
from data and Project manager’s estimations. 
 
Research phase 7: Conclusions 
 
The last phase of the research puts forward the derived conclusions as well as the limitations 

faced in and the threads of validity and identifies some directions for future research work. 

Finally we conclude the master thesis with the answers to our research questions. 
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Chapter 3 
Related literature 

 
The motivation of dealing with this topic was a previous work which explored the 

need and possibility for increasing visibility of the ICT projects of the Dutch government 
through an academic and practical study, and presented a model for justifying the 
government’s ICT investments (Awan Ahmad 2012). However our research is not restricted 
only to this concept but also in the discovery of useful mining techniques that can be used 
for analysis of governmental ICT projects. According to this scope we search about related 
works that introduce data mining of estimating the performance of ICT Projects. 
D Zhang and JJP Tsai deal with the subject of applying machine learning in software 
engineering and offering guidelines on applying machine learning methods to software 
engineering tasks and use some software development and maintenance tasks as examples 
to show how they can be formulated as learning problems and approached in terms of 
learning algorithms (D Zhang 2003). A considerable issue about software is the cost and a 
number of models and methods have been proposed. A related work from Narendra Sharma 
, Aman Bajpai and Ratnesh Litoriya show the comparison of various software cost estimation 
methods and some cost estimation models, that can mostly be used for the software cost 
estimation projects (Narendra Sharma 2012). In addition, a hybrid cost estimation model is 
proposed to produce a realistic prediction model that takes into consideration software 
project, product, process, and environmental elements (Hassan Najadat 2012). An 
interesting paper from Andreas S. Andreou, Efi Papatheocharous  addresses the issue of 
software cost estimation through fuzzy decision trees, aiming at acquiring accurate and 
reliable effort estimates for project resource allocation and control (Andreas S. Andreou 
2008). Also data mining are used for other branches such as software testing which can 
inference the cost of a project. A related work is by Lionel Briand which provides a brief 
overview of the state of the art and reports on a number of novel applications in the area of 
software testing (Briand 2008). 
 
 
 

3.1 Government ICT 

 

3.1.1 ICT Expenditures 

 

Expenditures for ICT projects in the public sector are considerable. ICT investments are 

different from others considering the nature and size of the public sector and most of the 

times it is very difficult to estimate the cost of the development of ICT project due to the 

uncertainty in the developing process. However the government sector has acknowledged 

the need to economize ICT resources in the current economic scenario and to disseminate 

information in the knowledge society. 

Nowadays governments are increasing their expenditures based on their national budget 
that are related to ICT projects. More specifically according to the 2013 Global Information 



9 
 

Technology Report (Beñat Bilbao-Osorio 2013) the European Union must invest in a major 
upgrade to its fixed and mobile telecommunication network, a cost estimated at €250 to 
€320 billion. The ICT expenditure of the Australian government, for example, increased from 
AUD 5.02 billion in 2008-9 to AUD 5.07 billion in 2009-10 (approximately equivalent to an 
increase from EUR 3.93 – 3.97 billion) (AuGov 2012). The Finnish government’s total ICT 
expenditure was EUR 907.6 million in 2010 (Finance 2011). 
The total investments for the Greek government of ICT projects are calculated at €510.2 
million based on the Implementation Report for Information and Communication 
Technology (ICT) action plan that was prepared by the Office of the Vice President of the 
Hellenic Government and Prime Minister’s E-Government office  from 2009 to 2012. 
 
There are several reasons for governmental investments in ICT for several reasons. For 
instance, ICT can increase information, transparency and accountability by facilitating in 
decision-making and fostering public participation and by enhancing efficient delivery of 
goods and services (Magno 2001). Also in terms of efficiency and productivity of government 
performance, in both internal operations and service functions the positive impacts 
generated by ICT on public administration. Furthermore the use of ICT services in public 
sector improves data access and quality for both public administrators and citizens (Danziger 
2006). The major benefit of ICT services in governmental procedures is the upgrade in terms 
of transparency and fairness (A. J. Meijer 2003) (Kudo 2004). The opening up of government 
processes, the monitoring government performance and the disseminating performance 
information provide information about government decisions and actions with visibility to 
citizens (Bhatnagar 2003). 
 

3.1.2 Reporting  

 

Project reporting is an essential component of project management. The project manager   
is the principal beneficiaries of the providing information and should use it to ensure that 
projects are implemented as efficiently and effectively as possible. 
 
 
The main reasons for reporting are the following (UNEP 2000)2. 

Reason  Description 
To formally inform management Reporting ensures that management, particularly the 

project coordinator’s supervisor or project manager, is 
formally appraised of the progress made in project 
implementation and the supervisor or project manager 
is aware at an early stage of actual and potential 
problems and any remedial action taken; 

To validate requests for further funding Reporting ensures that the BFMS is kept informed of 
all aspects of project implementation. BFMS, together 
with project coordinators or managers, can then 
ensure that disbursed funds have been properly used 
before authorizing any further release of funds; 

To serve as an audit and evaluation trail Reporting maintains a record of all actions taken 
during project implementation. It therefore constitutes 
a vital resource for auditors and evaluators in assessing 
whether a project has been implemented in 
accordance with the rules and regulations and as 
efficiently and effectively as possible; 

To serve as a reference for future projects Reporting serves as a vital resource for ensuring that 

                                                           
2
 UNEP project manual : formulation, approval, monitoring and evaluation 

http://www.publictechnology.net/news/global-information-technology-report-2013-highlights-investment-gaps-eu/37706
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lessons learned (project successes, failures, best 
practices) through project implementation are 
available for consideration when formulating and 
implementing future projects; 

To report to the government on the project’s progress Reporting is requested by government as they have 
shared interests in the success of projects. 
Government sometimes fund projects contingent upon 
satisfactory progress. They increasingly ask for 
progress and final reports at the results and objectives 
level rather than at the level of output or activity 
delivery 

 
 

 
The effectiveness of governmental procedures requires accountability & improvement which  
enables better policies, programs and projects (Sanderson 2002). Accountability can be 
achieved through accurate reporting of a project’s status. To achieve transparency in 
reporting, an improvement focuses in the reporting system monitoring, benchmarking , 
comparing the  key areas that meet objectives and that which fail (Awan Ahmad 2012). The 
use of a dashboard decentralizes these processes and provides transparent ways of 
supervision of ICT projects. For instance the Dutch government displays reports for ICT 
projects via the Dutch National ICT Dashboard3 , however the reporting is harsh.  
 
Reporting can be distinguished to two categories. The first one is the project status reporting 
and which is a sequential chain of communication of the status of a project from the team 
members, who are the source of key status information, up to the project managers and 
other stakeholders which can influence in better project management and lesser chance of 
failure (Thompson 2007). 
The simplest and most effective approach to understand this type of reporting is by traffic 
light marking of ICT projects (A. &. Snow 2001). Using this approach the Dutch ICΤ dashboard 
shows  by green , yellow and red color reflecting the cost and time status of government 
projects. 
 
The other one is the performance reporting which came from the need that the Parliament, 
are interested in “what” results are shown by the indicators and “whether” they are 
available and compare with the expectations, rather than “how” they were achieved 
(Scheirer 2000). The reporting includes  
 

 the definition of the type of expectations  

 the justification of the expectations  

 the relationship with the objectives  

 the business value of the system 

 

It is necessary to be mentioned that the reliability of the data and the results are influenced 
by the quality of the information conveyed and should also be verified. 
Therefore, performance reporting is not entirely retrospective but instead through 
qualitative and quantitative data it can help with timely and accurate disclosure of 
information that enables detection, prevention and informed decisions for stakeholders. 
 
 

                                                           
3
 Dutch National ICT Dashboard (https://www.rijksictdashboard.nl/ ) 

https://www.rijksictdashboard.nl/
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3.1.3 E- government 

 

“E-Gov Strategies' (or Digital Government) is defined as ‘The employment of the Internet 

and the world-wide-web for delivering government information  and services to the 

citizens”4. E-government has become a major priority, since the modern citizen demands 

more and more digital services from their government such as monitoring the project 

management. The government on the other hand wants more interaction with their citizens. 

“Participation with the government, supplying information and data are supposed to 

strengthen a more direct democracy and limit the bureaucracy” (Hoven van Genderen 

2001). 

E-government contains digital interactions between:  

• G2C (Government to Citizens)  

• G2B (Government to Businesses)  

• G2E (Government to Employees)  

• G2G (Government to Governments)  

• C2G (Citizens to Governments) 

E-government benefits the citizens in a number of ways. First of all the services are always 

available (24 hours, 7 days a week). Secondly there is no need for physical visit to an office. 

In addition all the services are in an electronic way that makes fast and efficient all the 

procedures. Furthermore the transparency is increasing due to the publicity and the ability 

for everyone to access.  

E-government benefits business by reducing time in setting up new business. Also 

conducting e-business and e-commerce (online business). Also E-government establishes 

better conformity to government rules and regulations for running business. E – 

Government services constitute more convenient and transparent way of doing business 

with government through e-procurement. There is a better control over movement of goods 

through online monitoring of clearances, and conducting monetary transactions online (e-

banking, e-payment). 

Last but not least E-government benefits to government in a number of ways. First of all 

better policy making and regulatory and development functions as result of better and up-to 

date information and leading to better decision-making. Also the services lead to better 

management of government processes and dissemination of government rules, regulations 

as well as to better performance in regulatory functions like taxation. Furthermore E-

government contributes to better performance in social sectors like education, health and 

social security. 

 

 

                                                           
4
 United Nations Department of Economic and Social Affairs. "United Nations E-Government 

Survey2012" 

http://unpan1.un.org/intradoc/groups/public/documents/un/unpan048065.pdf
http://unpan1.un.org/intradoc/groups/public/documents/un/unpan048065.pdf


12 
 

3.2 Governmental Management for ICT Project 

 

3.2.1 Cost and Schedule Management   

 

The cost and schedule management of an ICT project is very difficult to determine due to the 

nature of this investment. According to IΤ federal dashboard there are a number of 1545 ICT 

projects that cost $ 19.6 billion. The report of SIG’s analysis report  for the Dutch national 

dashboard shows that the 57 governmental ICT projects need € 2.31 billion. Also the 

Implementation Report for Information and Communication Technology (ICT) action plan 

that was prepared by the Office of the Vice President of the Hellenic Government and Prime 

Minister’s E-Government office  from 2009 to 2012 shows that 86 ICT projects have initial 

budget € 510 million . In other words ICT projects in the public sector cost extremely high. 

 The main characteristics of ICT projects are:  

 Extremely high cost in the public sector. 

 Difficulty estimating cost of the development. 

 Uncertainty in the development process. 

 Requirements and functionality change. 

One significant factor influences cost uncertainty is the lack of previous knowledge about 
completed software projects. In addition many times ICT projects are underestimated due to 
the lack of experience from estimator’s project managers in this field. The frequent changes 
of the requirements make difficult the formulation at the start of an ICT project. Also the 
management of a software product is related to the complexity of the software and the 
experience of the development team. Furthermore the rapid changes in information 
technology and the methodology of software development influence the requirements of a 
software product. The above reasons contribute to the high rate of cancellation and failure 
in the ICT projects. More specifically 11 – 15 % of ICT projects are cancelled and 16 -  22 % of 
ICT projects are considered unsuccessful on the basis of their performance (Khaled El Emam 
2008 ). 
  

In order to fulfill the problems listed above it is important to declare some prerequisites for the 

product as the size of the software, the required quality, the requirements volatility, the software 

complexity, the level of reuse, the amount of the documentation and the type of application. 

 

The cost of the ICT project is estimated by an expert ,  by analogy with other ICT products 

and services or based on the use of parametric models.  For all cases the total estimated cost 

can be calculated with the top-down approach which the total estimated cost is split up 

among the various components or bottom-up which he individual estimated costs are 

summed to get the overall cost estimate of the project. 

In the case of parametric cost estimation there are several models for cost estimation. Most 

of them are two stages models.  In the first stage an estimate regarding the size of the 

product to be developed is obtained. In the second stage it is estimated how much time and 

effort it will cost to develop the software of the estimated size. 
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 In the next figure you can see a general cost estimation structure including the following 

steps (Heemstra 1992): 

 

 

  

The considerable issue of cost estimation using a model is the determination of level of 

uncertainty. There is two different approaches one for low and one high uncertainty. 

High uncertainty is related to risk analysis, estimating and margins, exploration oriented 

problem-solving, expert-oriented estimating techniques. Low uncertainty is related to with cost 

estimation models, historical project data,  and the estimate is regarded as a norm. Historical 

data are necessary for cost estimation in order to build cost models. It is no appropriate to 

merge data from other organizations. Furthermore the combination of more than one 

techniques to estimate software cost can improve the accuracy. However there is no 

technique with the expected accuracy and reliability which can use technical, organizational 

and social risks of ICT projects and thus we use more than one of  techniques in different 

phases of software development. 

 

3.2.2 IT dashboards 

 

The IT Dashboard is a website enabling federal agencies, industry, the general public and 

other stakeholders to view details of federal information technology investments (Awan 

Ahmad 2012). The purpose of the Dashboard is to provide information on the effectiveness 
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of government IT programs and to support decisions regarding the investment and 

management of resources. The Dashboard is now being used by the Administration and 

Congress to make budget and policy decisions. 

So the investments for IT projects are transparent and it is a great tool for the public in order 

to check and analyze the expenditures from all agencies. The existence of a dashboard 

monitoring the ICT projects provides better control of the ICT projects communicating 

progress and success. Also increase the visibility to the citizens and the transparency to 

parliament.  

 

IT federal Dashboards 

The IT Dashboard is a management tool for the United States federal government CIOs to 
use in overseeing their IT spending. To support transparency and open government 
initiatives, Federal decision makers also chose to make the IT Dashboard available to the 
general public. In the IT Dashboard, members of the public can view the same data about 
performance that government officials use. 
 
The IT Dashboard provides full lifecycle performance information on IT projects' scope and 
status. The data allows users to see project status, spot problems and trends, manage 
performance and quality expectations, and establish accountability. The tool is useful to the 
public and to government IT leaders who plan and manage IT investments. The following 
home page screen shown above gives an overview of the tool. IT federal dashboard 
constitutes a fully functional and user friendly platform or monitoring the governmental 
expenditures for ICT projects. One major benefit of this is the evaluation of each investment 
by CIO. In other words the CIO declares a score in the investments providing useful 
information about the progress and the performance. Also there is the capability to retrieve 
the whole set of these investments and download it for more analysis using the data feeds 
formats.  

 
 

IT Federal dashboard 

http://www.itdashboard.gov/
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On the other hand there are some limitations in the dashboard. First of all the charts & 
metrics are non-meaningful for non-expert contrary to the purpose of the dashboard which 
is the visibility to the citizens. In addition, the lack of comparison between ICT projects in 
terms of budget and schedule as well as in slippages makes the derived information 
incomprehensible. Finally the dashboards lacks of performance based on criteria  such as 
user satisfaction, ability to meet budget & schedule,  product quality and staff productivity. 
 
Dutch National ICT Dashboard 

The Dutch National ICT Dashboard, launched on the 18th of May 2011, is a public website 
that provides Dutch citizens with an overview of the large and/or high-risk IT projects of the 
national government, based on information provided by the various ministries to the 
parliament. The top pages of the dashboard show overall scores of each project, while 
underlying pages provide more detailed information per project. 
 

The benefits of Dutch dashboard are that keeps its simplicity and shows only the basic 

information about ICT projects. Furthermore each project is categorized in terms on 

performance in budget and in schedule with green, yellow and red notation.  

 

 

Dutch National ICT dashboard 

 

However the Dutch ICT dashboard is limited in a number of ways. The lack of meaningful 

indicators as well as the incomprehensible reporting is barriers for the transparency and 

visibility to the citizens and government.  Also due to the absence of Project managers’ 

evaluation there is no way to compare the performances from the PM estimation and data 

themselves.  In addition there is not ability to the user retrieving the list and the details of all 
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projects in an automatic way. Last but not least the information about the level of data 

completeness pushes the project manager to complete the missing values and compete 

themselves for the more detailed presentation of their projects. 

According to the description and the specifications of the available online ICT dashboards for 

the American and Dutch government there are significant limitations and a number of 

improvements. The changes can be classified in 4 main categories as it is shown in the next 

list.  

Classification of changes: 

 In transparency 

 In functionality 

 In structure 

 In reporting 

 

 

 
In transparency  
 
It is undeniable that transparency through ICT increases trust among citizens but also early 
research demonstrates this fact (Bertot 2010). The tendency now is that ICT plays a central 
role in facilitating transparency. 
 
The distinguishing characteristics of this form of transparency are: it is often one-way; 
information is decontextualized i.e. large amounts of information are available without 
context; and it is calculative because computers are better at managing structured and 
quantifiable data rather than qualitative data (A. Meijer 2009). 
The following list includes limitations of current available ICT dashboards in terms of 

transparency: 

1. Lack of detailed information about people is involved in each project. 

2. Absence of comments from citizens . 

3. Lack of information about the  impact of these projects in the society. 

4. Lack of performance indexes based on  user satisfaction, ability to meet budget and 

schedule targets, product quality and staff productivity.   

5. Categorization of projects that are succeeded and others that are not going well are 

not provided.  

6. Restricted  information about the source of data.  

7. Reasons for the failure of a project are not provided. 
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8. Lack of the degree of the acceptance of specific development from the people is  

involved. 

9. Lack of the level of data completeness of the ICT project  

 

In structure 

The structure of an ICT dashboard plays an important role due to the fact that it allows users 

to use the dashboard in different options. The following list shows the limitations in 

structure. 

1. Dashboards are not customizable. 

2. The reporting and visualization are not personalized. 

3. Lack of ability to compare ICT projects between them. 

4. There is not functionality to merge  ICT projects. 

5. Lack of grouping ICT projects with related information into categories. 
 

6. Absence of ability to use dashboard as alarming system. 
 

7. Explanation for indicators and metrics of performance of a project. 

8.  Lack of way to investigate the acceptance and adoption of stakeholders to the 

dashboard. 

 

In functionality 

ICT dashboards have two different roles. The first one constitutes a tool for the project 

managers and ICT stakeholders so as to control their ICT products. The second one is 

monitoring the progress of an ICT project so non expert like everyone citizen to understand 

how successful are the expenditures.     The following list gathers the significant limitations 

in terms on functionality. 

1. Metrics are not meaningful.  

2. Limitations in calculations of additional indicators.  

3. Lack of advance visualizations techniques for indicators. 

4. Lack of functionality for customization and personalization.  

5. Not allowance users to define the scope of the data. 

6.  Inability to see two or more subsets of the data side-by-side in order to compare. 
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7.  Absence of functionality of highlight information based on pre-defined criteria using 

alerts when a metric goes outside of a particular threshold.  

8. Inability for users to identify things in the dashboard and add commentary to 

specific numbers or charts.  

 

In reporting 

Reporting in a dashboard guarantees a formal information management. It is a way  
validating the requests for further funding and communicating process and success . 
Reporting serves as  an audit and evaluation trail so it is used as  a lesson learn and 
reference for the future projects. The following list gathers the significant limitations in 
terms on reporting. 

 

1. Limited reporting of project data by the ministries and governmental organization. 

2. Lack of specifications of each project. 

3. Lack of technical details about implementation, usage and functionality. 

4. Absence of quality metrics and characteristics (ISO) for each software development. 

5. Lack of comparison in the evolution of projects. 

6. Lack of analysis of relationships or connections that may be mathematical,  

organizational, or functional. 

7. Lack of timeline and managing decisions for each project . 

 
 

3.2.3 Greek ICT Investments 

 

Many significant steps have been done during the last years in the field of transparency and e- 

government from Greek governance. First of all a series of legislative initiatives have been taken in 

Greece, including the Transparency Law , as well as the Geodata , eGov and Regulatory Reform Laws. 

In this direction the Opengov.gr platform was initiated by the Prime Minister’s Office in October 2009 

has been designed to serve the principles of transparency, deliberation, collaboration and 

accountability and includes three initiatives: 

 Οpen calls for the recruitment of public administration officials. Top level and mid-level 

openings in the public sector are available on the Internet. Applications are submitted 

on-line using a platform available on the opengov.gr website.  

 Electronic deliberation. Almost every piece of draft legislation or even policy initiative by 

the government, are posted in a blog like platform prior to their submission to 



19 
 

parliament. Citizens and organizations can post their comments, suggestions and 

criticisms article-by-article. 

 Labs OpenGov. An open innovation initiative that brings together ideas and proposals 

from citizens, the public and the private sectors. Labs.OpenGov.gr attempts to release 

the power of decentralized knowledge and explore new ways to tackle modern public 

administration problems. 

 

Furthermore the “Cl@rity” program is initiated in October 2010, introduces for the first time 

in Greece the obligation to publish all the decisions on the Internet, with the exception of 

decisions that contain sensitive personal data and/or information on national security 

,through a web site. Cl@rity is one of the major transparency initiatives of the Ministry of 

the Interior, Decentralization and e-Government. Henceforth, the decisions of the public 

entities can’t be implemented if they are not uploaded on the Clarity websites.  It is quite an 

innovative program, even by European standards, aiming first of all to bring about the 

maximum publicity of the government policy and administrative action. The use of Internet 

guarantees wide publicity and access to information, progressively contributing to a culture 

change in the whole of the Public Administration. 

Additionally, the law on e–governance that was approved by the parliament on 24th of May 

2011 introduces many innovations, such as the right of citizens to transact with public 

authorities using ICT’s and forms a robust legislative framework for the use of ICTs 

throughout the public administration. The law emphasizes on transparency and citizens 

participation introducing the “issue tracking model” for any citizen issue and the constant 

evaluation of services provided by the Greek government. In addition, the largest digital 

technology operational program (called Digital Convergence) is explicitly conditioning funding of new 

projects on the principles of interoperability, open data, standards and formats.  

Greek Government has formed a list of actions in order to implement major Information and 

Communication Technology (ICT) projects, which will help the state to computerize, to fight against tax 

evasion, to control expenditure efficiently, to rationalize the public sector, to effectively manage its 

human resources, to create new infrastructures to assist development, to promote educational 

process and effectively raise tourism in country. In this way, it will be given the opportunity to improve 

the services provided by the State to its citizens and businesses maximizing the benefits for national 

and community resources which are being spent. It is estimated that the implementation processing 

will save more than 10 billion of the state budget. The following agenda includes a total of 24 

fundamental actions 11 of which are of priority (in bold letters): 

1. Institutional Framework for Procurement and RFQs 

2. Fuel Purchase 

3. Electronic Prescribing 

4. Unified Salary Authority and register of public servants 

5. Productive function of Hospitals Informatics System 

6. Citizens Card 

7. Online Budget Monitoring 

8. Geodata and Services for the Public Sector 

9. National Registers 

10. National Identification and Authentication Services 

http://www.ypes.gr/el/
http://www.ypes.gr/el/
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11. National Broadband Network FTTH 

12. Public Sector Administrative Network – Syzefxis ΙΙ 

13. Cloud computing 

14. School, University of Knowledge 

15. Culture – Tourism Content 

16. Public Sector Property 

17. Electronic Services for Tax Justice 

18. e-Kallikrates 

19. Creation – Initiation for Business in one step 

20. Digital Justice 

21. Open Public Sector Data 

22. Utilization of the 3rd Community Framework Support Projects 

23. Information System Security 

24. Receipts and other Tax information management System 

These actions has been distributed to the related ministries which are political responsible for the 

implementation and managing of ICT projects.   

Ministries: 
 

1. Ministry of Interior 
2. Ministry of Finance 
3. Ministry of Foreign Affairs 
4. Ministry of Administrative Reform and E-Governance  
5. Ministry of National Defense 
6. Ministry for Development, Competitiveness and Shipping  
7. Ministry of Environment, Energy and Climate Change 
8. Ministry of Education, Lifelong Learning and Religious Affairs 
9. Ministry of Infrastructure, Transport and Networks 
10. Ministry of Labour and Social Security  
11. Ministry of Health and Social Solidarity 
12. Ministry of Rural Development and Food 
13. Ministry of Justice 
14. Ministry of Citizen Protection 
15. Ministry of Culture and Tourism 
16. Ministry of State 

 

According to the Implementation Report for Information and Communication Technology (ICT) action 

plan that has been prepared by the Office of the Vice President of the Hellenic Government and Prime 

Minister’s E-Government office the ICT projects are separated to four parts: 

A. Actions which are either of immediate priority and emerge from Program Application for 

Greece Financial Support or part of the above priority agenda. 

B. Actions which are going to be implemented co-financed projects funded by NSRF and the 

Management Programs Administrative Reform and Digital Convergence. 

C. Projects had been funded in the past (3rd Community Framework) in a productive 

operational stage. 

D. Actions which are being implemented by the Public Sector with the expenses of the regular 

budget. 

The four ICT kinds of actions constitute the implementation of the digital strategy of the country. The 

main objective is to obtain a total image for the actions held or supposed to be implemented in 

http://www.ypes.gr/en/Elections/
http://www.minfin.gr/portal/en
http://www1.mfa.gr/en/
http://www.ydmed.gov.gr/
http://www.mod.mil.gr/
http://www.mindev.gov.gr/
http://www.ypeka.gr/
http://www.ypepth.gr/en_ec_home.htm
http://www.yme.gr/index.php?getwhat=1&oid=531&id=&tid=531
http://www.ypakp.gr/
http://www.yyka.gov.gr/page/english
http://www.minagric.gr/en/index.html
http://www.ministryofjustice.gr/site/en/Leadership/Greetings.aspx
http://www.yptp.gr/main.php?lang=EN&lang=EN
http://www.yppo.gr/0/eindex.jsp
http://www.ypep.gr/?page_id=33


21 
 

Greece in the ICT field, the central coordination, the increase of benefits and the maximum result of 

their function. This complete image contributes to more effective funding, transparency and 

managing the implementation of projects in coordination with the Ministries and relevant agencies. 

Although the enormous benefits of the ICT Action project implementation are well known to the 

Public Sector, there appear important implementation delays and problems. It has been estimated 

that only the “Electronic Receipts and other Tax information management System” such as “Electronic 

Prescribing”, “Fuel Purchase”, “Unified Salary Authority and register of public servants”, “Online 

Budget Management”, alone can save from 7 up to 10 billion annually, depending on the action 

projects implementation completion status. Reports for ICT projects have been published by E-

government team in the web portal of the previous Vice President  and there are 3 excel files with the 

total ICT master plan of the Greek government . In these files they are included all the formal 

procedures and deliverables, the ministries are involved, the people and the services that will 

contribute for the completeness of the project. 

 

3.3 Concepts and definitions  

 

3.3.1 Data Mining  

 
According to the definition of Frawley Data mining is defined as "The nontrivial extraction of 

implicit, previously unknown, and potentially useful information from data" (William Frawley 

1992). In the words of Moxon: "Data mining is the process of discovering meaningful new 

correlation, patterns and trends by sifting through large amounts of data, using pattern 

recognition technologies as well as statistical and mathematical techniques." Data mining is 

a "knowledge discovery process of extracting previously unknown, actionable information 

from very large databases." (Moxon 1996). According to their final goal, data mining 

techniques can be considered to be descriptive or predictive "Descriptive data mining 

intends to summarize data and to highlight their interesting properties, while predictive data 

mining aims to build models to forecast future behaviors". (Jiawei Han 2001).  

Groth mentions another interesting aspect of Data mining. He describes it as "the process of 

automating information discovery" (Groth 1998). Today Data mining is a term that covers a 

broad range of techniques to analyze data. The techniques use specific algorithms to identify 

and extract patterns and establish unknown relationships in order to discover hidden and 

valuable information in a huge amount of data.  

Many other terms carry a similar or slightly different meaning to data mining, such as 

knowledge mining from data, knowledge extraction, data/pattern analysis, data 

archaeology, and data dredging. Many people treat data mining as a synonym for another 

popularly used term, Knowledge Discovery from Data, or KDD. 

Alternatively, others view data mining as simply an essential step in the process of 
knowledge discovery. Knowledge discovery as a process is depicted in the next figure and 
consists of an iterative sequence of the following steps which are based on the model of 
Fayyad (Fayyad 1996). 
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The data mining procedure includes the following step: 
  

 Step 1: Data selection. Out of a data base the needed data were selected according 

to its objects and  characteristics.  

 Step 2: Pre-Processing. In this step happens a cleaning of the selected data. This 

means for example the filling of missing values and the removing of noise and 

inconsistent data 

 Step 3: Transformation. In the transformation phase the data are transformed in 

new formats, where data are transformed or consolidated into forms appropriate 

for mining by performing summary or aggregation operations 

 Step 4: Data Mining. In this step of the process identifies the patterns and 

relationships between the data, where intelligent methods are applied in order to 

extract data patterns. 

 Step 5: Interpretation and Evaluation. In this phase it is identified the truly 

interesting patterns representing knowledge based on some interestingness 

measures. 

 
It is noted that the steps 1 to 4 are different forms of data preprocessing. The data mining 
step may interact with the user or a knowledge base. The interesting patterns are presented 
to the user and may be stored as new knowledge in the knowledge base. Note that 
according to this view, data mining is only one step in the entire process, albeit an essential 
one because it uncovers hidden patterns for evaluation. We agree that data mining is a step 
in the knowledge discovery process.  
 

 

 

Source : http://www.rithme.eu/?m=resources&p=kdprocess&lang=en 

 
 
 
There are many kinds of data mining methods. “Some are well founded in mathematics and statistics, 
whereas others are used simply because they produce useful results” (Endre Lidal 2003). Because 

http://www.rithme.eu/?m=resources&p=kdprocess&lang=en
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data mining has emerged from many different fields , different kinds of methods can be used in 
different areas.  
 
 
Tasks Methods 

Prediction & Description Decision trees, Market Basket analysis  (Association 
analysis), Time series analysis, Neural networks, Agent 
network technology 

Classification Market Basket analysis  (Association analysis), Decision 
trees, Time series analysis, Neural networks, Sorting 

Regression Linear regression, Logistic Regression, Multinomial 
Regression 

Clustering Cluster Analysis, Neural networks 

Summarization Genetic algorithms 

Dependency modeling  Analysis of variance; Link Analysis  

Change and deviation detection Fuzzy Logic 

 
 

3.3.2. The Pre-Processing 

 

The most of the times the data in the real world is dirty, incomplete, noisy, and inconsistent. 
Incomplete data can occur for a number of reasons. For instance attributes of interest may 
not always be available or data may not be included simply because it was not considered 
important at the time of entry. 
 
Relevant data may not be recorded due to a misunderstanding, or because of equipment 
malfunctions. Data that were inconsistent with other recorded data may have been deleted. 
Furthermore, the recording of the history or modifications to the data may have been 
overlooked. Missing data, particularly for tuples with missing values for some attributes, 
may need to be inferred. There are many possible reasons for noisy data (having incorrect 
attribute values). The data collection instruments used may be faulty. There may have been 
human or computer errors occurring at data entry.  
There are a number of data preprocessing techniques as it is shown in the following list and 

the figure: 

 

 Data cleaning: Fill in missing values, smooth noisy data, identify or remove outliers, 

and resolve inconsistencies.  

 Data integration: Integration of multiple databases, data cubes or files and combines 

data from multiple sources into a coherent store 

 Data transformation: Normalization ,  remove noise from data , summarization, data 

cube  concept hierarchy climbing ,Attribute/feature construction, new attributes 

constructed from the given ones. 

 Data reduction: Obtains reduced representation in volume but produces the same 

or similar analytical results. 
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Source : Data mining Concepts and Techniques Jiawei Han & Micheline Kamber 

 
More specifically about the techniques which will be used in  the following chapter , data 
cleaning, also called data cleansing or scrubbing, deals with detecting and removing errors 
and inconsistencies from data in order to improve the quality of data. There are several 
deals for missing values . 
In order to discover extreme values it is used the interquartile range. Let x1 ,x2,...,xN  be a set 
of observations for some attribute. The kth percentile of a set of data in numerical order is 
the value xi having the property that k percent of the data entries lie at or below xi. The 
median is the 50th percentile. The most commonly used percentiles other than the median 
are quartiles. The first quartile, denoted by Q1, is the 25th percentile; the third quartile, 
denoted by Q3, is the 75th percentile. The quartiles, including the median, give some 
indication of the center, spread, and shape of a distribution. The distance between the first 
and third quartiles is a simple measure of spread that gives the range covered by the middle 
half of the data. This distance is called the interquartile range (IQR) and is defined as IQR = 
Q3-Q1.  The interquartile range (IQR) is a measure of variability, based on dividing a data set 
into quartiles. Quartiles divide a rank-ordered data set into four equal parts. The values that 
divide each part are called the first, second, and third quartiles; and they are denoted by Q1, 
Q2, and Q3, respectively. 

 Q1 is the "middle" value in the first half of the rank-ordered data set. 

 Q2 is the median value in the set. 

 Q3 is the "middle" value in the second half of the rank-ordered data set. 

The interquartile range is equal to Q3 minus Q1. The following figure shows the interquartile 
range in a normal distribution. 

http://stattrek.com/Help/Glossary.aspx?Target=Quartile
http://stattrek.com/Help/Glossary.aspx?Target=Median
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Source : http://en.wikipedia.org/wiki/File:Boxplot_vs_PDF.svg 

For example, consider the following numbers: 1, 3, 4, 5, 5, 6, 7, 11. Q1 is the middle value in 
the first half of the data set. Since there are an even number of data points in the first half of 
the data set, the middle value is the average of the two middle values; that is, Q1 = (3 + 4)/2 
or Q1 = 3.5. Q3 is the middle value in the second half of the data set. Again, since the second 
half of the data set has an even number of observations, the middle value is the average of 
the two middle values; that is, Q3 = (6 + 7)/2 or Q3 = 6.5. The interquartile range is Q3 minus 
Q1, so IQR = 6.5 - 3.5 = 3. Interquartile range is often used to find outliers in data. Outliers 
are observations that fall below Q1 - 1.5(IQR) or above Q3 + 1.5(IQR). 

In data transformation, the data are transformed or consolidated into forms appropriate for 
mining. Data transformation can involve the following: Smoothing, which works to remove 
noise from the data. Such techniques include binning, regression, and clustering. 
Aggregation, where summary or aggregation operations are applied to the data.  
Generalization of the data, where low-level or “primitive” (raw) data are replaced by higher-
level concepts through the use of concept hierarchies. Normalization, where the attribute 
data are scaled so as to fall within a small specified Range. Attribute construction (or feature 
construction),where new attributes are constructed and added from the given set of 
attributes to help the mining process. 
 

Data discretization techniques can be used to reduce the number of values for a given 
continuous attribute by dividing the range of the attribute into intervals. Interval labels can 
then be used to replace actual data values. Replacing numerous values of a continuous 
attribute by a small number of interval labels thereby reduces and simplifies the original 
data. Discretization techniques can be categorized based on how the discretization is 
performed, such as whether it uses class information or which direction it proceeds. If the 
discretization process uses class information, then we say it is supervised discretization. 
Otherwise, it is unsupervised. If the process starts by first finding one or a few points (called 
split points or cut points) to split the entire attribute range, and then repeats this recursively 
on the resulting intervals, it is called top-down discretization or splitting. This contrasts with 

http://en.wikipedia.org/wiki/File:Boxplot_vs_PDF.svg
http://en.wikipedia.org/wiki/Outliers
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bottom-up discretization or merging, which starts by considering all of the continuous values 
as potential split-points, removes some by merging neighborhood values to form intervals, 
and then recursively applies this process to the resulting intervals. Discretization can be 
performed recursively on an attribute to provide a hierarchical or multiresolution 
partitioning of the attribute values, known as a concept hierarchy.  
 

3.3.3 Hypothesis testing 

 
Hypothesis testing or significance testing is a method for testing a claim or hypothesis about 
a parameter in a population, using data measured in a sample. In this method, we test some 
hypothesis by determining the likelihood that a sample statistic could have been selected, if 
the hypothesis regarding the population parameter were true. The null hypothesis is the 
original assertion.  The significance level is related to the degree of certainty you require in 
order to reject the null hypothesis in favor of the alternative. By taking a small sample you 
cannot be certain about your conclusion. So you decide in advance to reject the null 
hypothesis if the probability of observing your sampled result is less than the significance 
level. For a typical significance level of 5%, the notation is a = 0.05. For this significance level, 
the probability of incorrectly rejecting the null hypothesis when it is actually true is 5%. If 
you need more protection from this error, then choose a lower value of a. The p-value is the 
probability of observing the given sample result under the assumption that the null 
hypothesis is true. If the p-value is less than a, then you reject the null hypothesis. For 
example, if a = 0.05 and the p-value is 0.03, then you reject the null hypothesis. The 
converse is not true. If the p-value is greater than a, you have insufficient evidence to reject 
the null hypothesis. The outputs for many hypothesis test functions also include confidence 
intervals. Loosely speaking, a confidence interval is a range of values that have a chosen 
probability of containing the true hypothesized quantity. Suppose, in our example, 1.15 is 
inside a 95% confidence interval for the mean, m. That is equivalent to being unable to 
reject the null hypothesis at a significance level of 0.05. Conversely if the 100(1-a) 
confidence interval does not contain 1.15, then you reject the null hypothesis at the level of 
significance. The method of hypothesis testing can be summarized in four steps. We will 
describe each of these four steps. 

1. The first step of hypothesis testing is to convert the research question into null and 

alterative hypotheses. We start with the null hypothesis (H0). The null hypothesis is 

a claim of “no difference.” The opposing hypothesis is the alternative hypothesis 

(H1). The alternative hypothesis is a claim of “a difference in the population,” and is 

the hypothesis the researcher often hopes to bolster. It is important to keep in mind 

that the null and alternative hypotheses reference population values, and not 

observed statistics.  

2. We calculate a test statistic from the data. There are different types of test statistics. 

This chapter introduces the one-sample z-statistics. The z statistic will compare the 

observed sample mean to an expected population mean μ0. Large test statistics 

indicate data are far from expected, providing evidence against the null hypothesis 

and in favor of the alternative hypothesis. 

3. The test statistic is converted to a conditional probability called a P-value. The P- 

value answers the question “If the null hypothesis were true, what is the probability 

of observing the current data or data that is more extreme?” 
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 Small p values provide evidence against the null hypothesis because they say 

the observed data are unlikely when the null hypothesis is true. We apply 

the following conventions: 

i. When p value > .10 > the observed difference is “not significant” 

ii. o When p value ? .10 > the observed difference is “marginally 

significant” 

iii. o When p value ? .05 > the observed difference is “significant” 

iv. o When p value ? .01 > the observed difference is “highly significant” 

 Use of “significant” in this context means “the observed difference is not 

likely due to chance.” It does not mean of “important” or “meaningful.” 

4. Alpha (α) is a probability threshold for a decision. If P ? α, we will reject the null 

hypothesis. Otherwise it will be retained for want of evidence. 

The above hypothesis analysis is beneficial for discovering of the distribution of sample and 
comparing different samples.  
 

3.3.4 Correlation analysis 

 

Correlation quantifies the strength of a linear relationship between two variables. When 
there is no correlation between two variables, then there is no tendency for the values of 
the variables to increase or decrease in tandem. Two variables that are uncorrelated are not 
necessarily independent, however, because they might have a nonlinear relationship. You 
can use linear correlation to investigate whether a linear relationship exists between 
variables without having to assume or fit a specific model to your data. Two variables that 
have a small or no linear correlation might have a strong nonlinear relationship. However, 
calculating linear correlation before fitting a model is a useful way to identify variables that 
have a simple relationship. 
Correlation analysis typically gives us a number result that lies between +1 and -1. The + or – 
sign denotes the direction of the correlation. The positive sign denotes direct correlation 
whereas the negative sign denotes inverse correlation. Zero signifies no correlation. And the 
closer the number moves towards 1, the stronger the correlation is. Usually for the 
correlation to be considered significant, the correlation must be 0.5 or above in either 
direction. It is used the term correlation coefficient r as a measure of the linear relationship 
between two attributes or columns of data. The correlation coefficient is also known as the 
Pearson product-moment correlation coefficient. 

When two attributes have a positive correlation coefficient, an increase in the value of one 
attribute indicates a likely increase in the value of the second attribute. A correlation 
coefficient of less than 0 indicates a negative correlation. That is, when one attribute shows 
an increase in value, the other attribute tends to show a decrease. 

 
Consider two variables x and y: 

 If r = 1, then x and y are perfectly positively correlated. The possible values 
of x and y all lie on a straight line with a positive slope in the (x,y) plane. 

 If r = 0, then x and y are not correlated. They do not have an apparent linear 
relationship. However, this does not mean that x and y are statistically independent. 
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 If r = -1, then x and y are perfectly negatively correlated. The possible values 
of x and y all lie on a straight line with a negative slope in the (x,y) plane. 

 
Calculation of correlation coefficient : 
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T-value is the observed value of the T-statistic that is used to test the hypothesis that two 

attributes are correlated. The T-value can range between -infinity and +infinity. A T-value 

near 0 is evidence for the null hypothesis that there is no correlation between the attributes. 

A T-value far from 0 (either positive or negative) is evidence for the alternative hypothesis 

that there is correlation between the attributes. 

The definition of T-statistic is: 

 
T = r * SQRT((n-2) / (1 - r*r)) 

where r is the correlation coefficient, n is the number of input value pairs, and SQRT is the 
square root function.  

P-value is the probability, when the null hypothesis is true, that the absolute value of the T-

statistic would equal or exceed the observed value (T-value). A small P-value is evidence that 

the null hypothesis is false and the attributes are, in fact, correlated. 

 
If the data are skewed it is calculated Spearman’s correlation that works by calculating 
Pearson’s correlation on the ranked values of this data. It is a nonparametric measure 
of statistical dependence between two variables. It assesses how well the relationship 
between two variables can be described using a monotonic function. If there are no 
repeated data values, a perfect Spearman correlation of +1 or −1 occurs when each of the 
variables is a perfect monotone function of the other 
 
 
 

3.3.5 Factor analysis 

 

Factor analysis is the name given to a group of statistical techniques that can be used to 

analyze interrelationships among a large number of variables and to explain these variables 

in terms of their common underlying dimensions (factors). The approach involves 

condensing the information contained in a number of original variables into a smaller set of 

dimensions (factors) with a minimum loss of information  

In more technical terms Factor analysis addresses the problem of analyzing the structure of 

the interrelationships (correlations) among a large number of variables (e.g., test scores, test 

http://en.wikipedia.org/wiki/Non-parametric_statistics
http://en.wikipedia.org/wiki/Correlation_and_dependence
http://en.wikipedia.org/wiki/Variable_(mathematics)#Applied_statistics
http://en.wikipedia.org/wiki/Monotonic
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items, questionnaire responses) by defining a set of common underlying dimensions, known 

as factors.  

Factor analysis is an interdependence technique in which all variables are simultaneously 

considered, each related to all others.  

 To reduce a large number of variables to a smaller number of factors for modeling 

purposes, where the large number of variables precludes modeling all the measures 

individually. As such, factor analysis is integrated in structural equation modeling 

(SEM), helping create the latent variables modeled by SEM. However, factor analysis 

can be and is often used on a stand-alone basis for similar purposes.  

  To select a subset of variables from a larger set, based on which original variables 

have the highest correlations with the principal component factors.  

  To create a set of factors to be treated as uncorrelated variables as one approach to 

handling multicollinearity in such procedures as multiple regression  

 To validate a scale or index by demonstrating that its constituent items load on the 

same factor, and to drop proposed scale items which cross-load on more than one 

factor.  

 

Multivariate data often include a large number of measured variables, and sometimes those 
variables "overlap" in the sense that groups of them may be dependent. For example, in a 
decathlon, each athlete competes in 10 events, but several of them can be thought of as 
"speed" events, while others can be thought of as "strength" events, etc. Thus, a 
competitor's 10 event scores might be thought of as largely dependent on a smaller set of 3 
or 4 types of athletic ability. 

Factor analysis is a way to fit a model to multivariate data to estimate just this sort of 
interdependence. 

 
In the factor analysis model, the measured variables depend on a smaller number of 
unobserved (latent) factors. Because each factor may affect several variables in common, 
they are known as "common factors". Each variable is assumed to depend on a linear 
combination of the common factors, and the coefficients are known as loadings. Each 
measured variable also includes a component due to independent random variability, known 
as "specific variance" because it is specific to one variable. 

Specifically, factor analysis assumes that the covariance matrix of your data is of the form 

  SigmaX = Lambda*Lambda' + Psi 

where Lambda is the matrix of loadings, and the elements of the diagonal matrix Psi are the 
specific variances.  
 
 
 

3.3.6 Clustering  

 
The process of grouping a set of physical or abstract objects into classes of similar objects is 
called clustering. A cluster is a collection of data objects that are similar to one another 
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within the same cluster and are dissimilar to the objects in other clusters. A cluster of data 
objects can be treated collectively as one group and so may be considered as a form of data 
compression. Although classification is an effective means for distinguishing groups or 
classes of objects, it requires the often costly collection and labeling of a large set of training 
tuples or patterns, which the classifier uses to model each group. It is often more desirable 
to proceed in the reverse direction: First partition the set of data into groups based on data 
similarity (e.g., using clustering), and then assign labels to the relatively small number of 
groups. Additional advantages of such a clustering-based process are that it is adaptable to 
changes and helps single out useful features that distinguish different groups. 

Clustering is a common descriptive task of Data mining where one seeks to identify a finite 
set of categories or clusters to describe the given data. Based on a given set of data points, 
each having a set of attributes, and a similarity measure among them, the identified clusters 
should guarantee that: (Vipin Kumar 1999).  

• Data points in one cluster are more similar to one another, 

• Data points in separate clusters are less similar to one another. 
 

The identified clusters may be mutually exclusive and exhaustive, or consist of a richer 
representation such as hierarchical or overlapping clusters. According to Jain and Dubes 
"Cluster analysis organizes data by abstracting underlying structure either as a grouping of 
individuals or as a hierarchy of groups. In brief, cluster analysis group's data objects into 
clusters such that objects belonging to the same cluster are similar, while those belonging to 
different ones are dissimilar. 

 

A general question facing researchers in many areas of inquiry is how to organize observed 
data into meaningful structures, that is, how to classifying. Cluster analysis is an exploratory 
data analysis tool for solving classification problems. Its objective is to sort cases (people, 
things, events, etc) into groups, or clusters, so that the degree of association is strong 
between members of the same cluster and weak between members of different clusters. 
The feature of Cluster Analysis is there is no classes to be predicted but there are different 
ways in which the result of clustering can be expressed. "The groups that are identified may 
be exclusive, so that any instance belongs in only one group; or they may be overlapping, so 
that an instance may fall into several groups; or they may be probabilistic, whereby an 
instance belongs to each group with a certain probability; or they may be hierarchical, such 
that there is a crude division of instance into groups at the top level, and each of these 
groups is refined further- perhaps all the way down to individual instance.  

 

The most common used method of Cluster Analysis is K- Means clustering.  
The k-means algorithm is an evolutionary algorithm that gains its name from its method of 
operation. The algorithm clusters observations into k groups, where k is provided as an input 
parameter.  It then assigns each observation to clusters based upon the observation’s 
proximity to the mean of the cluster. The cluster’s mean is then recomputed and the process 
begins again. Here’s how the algorithm works :  
 

1. The algorithm arbitrarily selects k points as the initial cluster centers (“means”). 

2. Each point in the dataset is assigned to the closed cluster, based upon the Euclidean 

distance between each point and each cluster center. 

3. Each cluster center is recomputed as the average of the points in that cluster. 

4. Steps 2 and 3 repeat until the clusters converge. Convergence may be defined 

differently depending upon the implementation, but it normally means that either 
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no observations change clusters when steps 2 and 3 are repeated or that the 

changes do not make a material difference in the definition of the clusters. 

 

The above figure show the whole procedure from the left (initialization of clusters) until end 

of clustering.   

 

Steps of k-means algorithm 

 

One of the main disadvantages to k-means is the fact that you must specify the number of 
clusters as an input to the algorithm. As designed, the algorithm is not capable of  
determining the appropriate number of clusters and depends upon the user to identify this 
in advance.  For this reason, it’s often a good idea to experiment with different values of k to 
identify the value that best suits your data.  

 

 
 

3.3.7 Association analysis 

 

Association Analysis (also known as Market Basket Analysis) uncovers the hidden patterns, 
correlations or casual structures among a set of items or objects. For example, Association 
Analysis enables you to understand what products and services customers tend to purchase 
at the same time. By analyzing the purchasing trends of your customers with Association 
Analysis, you can predict their future behaviour. It is also commonly referred to as 
"association discovery".   

 

"Market Basket Analysis is an algorithm that examines a long list of transactions in order to 
determine which items are most frequently purchased together (Goransson 2004). It uses 
the information about 'What' customers purchased to give researchers insight into 'Who' 
they are and 'Why' they make such certain purchases. It also gives the information about the 
merchandise by telling which products tend to be purchased together and which are most 
amenable to promotion (Michael Berry 1997). Finally this information is actionable: "It can 
suggest new store layout; it can determine which products to put on special; it can indicate 
when to issue coupons, and so on (Michael Berry 1997). Because Market Basket Analysis is 
used to determine which products sell together, the input data to a Market Basket Analysis 
is normally a list of sales transactions, where each has two dimensions, one represents a 
product and the other represents either a sale or a customer (depending on whether the 
goal of the analysis is to find which items sell together at the same time, or to the same 
person). The cells of the data normally contain only 1 (bought product) or 0 (did not buy 
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product) values, though poly-analyst can work with other data in the cells, such as quantity 
or revenue (Goransson 2004). 

 

Market Basket Analysis is often used as a starting point when transaction data is available 
but the researcher doesn't know what specific patterns to look for. It can be applied to many 
areas such like: 

 

• Analysis of credit card purchases. 

• Analysis of telephone calling patterns. 

• Identification of fraudulent medical insurance claims. (Consider cases where 
common rules are broken). 

• Analysis of telecom service purchases. 
 

The creation of association rules is a two-step approach. In the first step the frequent 
Itemset are generated  whose support ≥ minsup. In the second step high confidence rules 
from each frequent itemset are generated, where each rule is a binary partitioning of a 
frequent itemset. Due to the fact that frequent itemset generation is computationally 
expensive it is proposed the Apriori algorithm (Agrawal R 1993) . However there is also other 
algorithms for association rules such as  Dynamic Hash and Pruning (DHP),  FP-Growth and  
H-Mine. 
 
The Apriori principle is that If an itemset is frequent, then all of its subsets must also be 
frequent, or  if an item set is infrequent then all its supersets must also be infrequent.  
Apriori principle holds due to the following property of the support measure: 
 

, : ( ) ( ) ( )X Y X Y s X s Y     
 
Thus the support of an itemset never exceeds the support of its subsets. In other words it 
follows the anti-monotone property of support. In this way the item sets that have subset 
the AB in the next figure they will not be included in the generation of rules. 
 
  

 

Pruned itemset in Apriori Algorithm 
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The list of the candidate item sets in the first step of algorithm is used for the generation of 

rules using the anti-monotone property of confidence: 

( ) ( ) ( )c ABC D c AB CD C A BCD      

 

 

Pruned rules in Apriori Algorithm 

Candidate rule is generated by merging two rules that share the same prefix in the rule 
consequent. For instance join(CD=>AB, BD=>AC) would produce the candidate rule D => 
ABC. The rule D=>ABC will be pruned if does not have high confidence. 

 

3.3.8 Classification 

 

Classification is the process of finding a model (or function) that describes and distinguishes 
data classes or concepts, for the purpose of being able to use the model to predict the class 
of objects whose class label is unknown. The derived model is based on the analysis of a set 
of training data. Classification consists of predicting a certain outcome based on a given 
input. In order to predict the outcome, the algorithm processes a training set containing a 
set of attributes and the respective outcome, usually called goal or prediction attribute. The 
algorithm tries to discover relationships between the attributes that would make it possible 
to predict the outcome. Next the algorithm is given a data set not seen before, called 
prediction set or test set, which contains the same set of attributes, except for the 
prediction attribute – not yet known. The algorithm analyses the input and produces a 
prediction. The prediction accuracy defines how “good” the algorithm is. 
There are a lot of different methods for classification  as the following list shows: 
 

 Decision Tree based Methods  

 Rule-based Methods  

 Nearest-neighbor  

 Neural Networks  

 Naïve Bayes and Bayesian Belief Networks  

 Support Vector Machines  

 Ensemble Classifiers  
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The classification result and the performance of the classifier is evaluated based on  the 

following metrics 

 Accuracy (ACC): This measure is calculated as the number of correct classifications as 

a percentage of the total number of classifications. Accuracy ranges between 0 and 

1 and should be maximized. 

 Root-mean-squared-error (RMS): RMS goes beyond the simplistic correct/incorrect 

evaluation provided by accuracy and takes into account the magnitude of any errors 

that occur . 

 Mean-squared-error is the most commonly used measure when evaluating numeric 

prediction however, root-mean-squared-error gives the same dimensions of the 

predicted value itself. RMS where n is the number of instances. RMS should be 

minimised. 

 F-score (FSC): FSC is the harmonic mean of recall and precision, at a given threshold  

 Average precision (APR): APR is a measure used to evaluate rankings in information 

retrieval and provides an overall evaluation of ranking quality. It can be thought of 

as the area under the precision/recall curve. APR should be maximized. 

 Precision/recall break-even point (BEP): BEP is considered to be the point at which 

recall equals precision. 

 Receiver-operating-characteristics area (ROC): An ROC plot shows the true positive 

rate vs. the false positive rate as the prediction threshold1 varies through all 

possible values  the ROC metric is the area under this curve. ROC should be 

maximized: a value of 1.0 indicates perfect predictions, a value of 0.5 indicates 

random predictions, and a value of 0.0 indicates perfectly incorrect predictions. An 

alternative calculation of the ROC metric is based on sorting the data by the 

predicted values, and counting the number of swaps needed to order the data by 

class. 
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Chapter 4  
Data Collection 

 

This chapter introduces the first step on every data mining procedure which is the 

data collection process. In this case we examine the ways to collect governmental ICT 

investments from American, Dutch and Greek government. The availability of these data 

depends on the degree of transparency and organization of each government. To increase 

the transparency to the citizens and stakeholders, the governments use contemporary 

methods such as online ICT dashboards to monitor ICT projects. The current available 

dashboards are the IT federal and Dutch National ICT dashboard U.S.A. and the Dutch 

government respectfully. Our target is the data collection from different sources so as to 

examine the similarities and the differences on each case and to evaluate the performance 

of an ICT project. 

 

 

4.1 Indicators 

 

During the development procedure of an ICT project there are some indicators that 
determine the performance of the project. First of all the ICT project starts with an 
estimated budget and schedule that it will need for the completion of the whole procedure. 
Many times the initial estimation fails due to unexpected factors such as funding freezing 
and political situations or because of the inability of project management to control the 
project keeping on time and on budget. The indicators of an ICT project can be categorized 
to quantitative and qualitative. The quantitative indicators constitute the initial, current and 
actual values about budget, schedule and operational cost and lifetime as well rate of testing 
and rate of completeness etc. The qualitative indicators constitute the Project managers’ 
opinion about the performance of the ICT project in terms on business value, functionality, 
rate of testing, stakeholder’s satisfaction. In the following paragraphs the indicators are 
described and more specifically the raw data, the additional indicators and the Project 
manager evaluation. 
 
 

4.1.1 Raw Data 

 
The main indicators are the initial, current and actual values about budget, schedule and 
operational cost and lifetime. The previous work about the Dutch National ICT Dashboard 
which is included in the SIG’s analysis report had been automatically retrieved the basic 
information about ICT projects from the dashboard and key performance indicators had 
been computed  for all projects and for the portfolio of projects. The available features of 
each ICT project for the Dutch National ICT Dashboard are budget, schedule, operational 
cost and lifetime as well as the actual measures and the current estimations about them.  
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Based on this analysis and focusing in the comparison between the different ICT dashboards 
and governmental investments, the same project features are used for American 
investments and Greek ones. The next table shows the raw which are collected from the 
process that will be described below. 

 
 

Raw data (Features) Estimation 
Project cost 1. Initial estimation 

2. Current estimation 

3. Actual 

Project schedule 1. Start date 

2. End date 

a.  Initial 

b. actual 

Operational cost & lifetime 1. Initial estimation 
2. Current Estimation 

 
 

4.1.2 Additional metrics 

 
According to previous paragraph the raw data constitute the initial, current estimations and 
the actual values of money and days have been spent in the ICT project.  
These measures of the features are used for the calculation of additional metrics about 
slippage on cost and schedule. Furthermore as an additional indicator, we calculated the 
monthly budget of each project. In particular, the burn rate of a project is defined as its total 
budget cost, divided by the number of working days between end and start date of the 
project. The result is divided by the number of days in a month. 
 
 
We calculate the following measurements using the Dutch dataset: 
 

 Incomplete Projects  Completed Projects  

Schedule Variance (%): 

 

(Current Estimation – Initial 

Estimation) / Initial Estimation 

 

 (Actual Duration – Initial 
Estimation) / Initial Estimation 

Cost Variance (%): (Actual Cost – BCWS) / BCWS 

 

(Actual Cost  – Initial Estimation) / 
Initial Estimation 

Burn Rate Variance (%): (Actual Burn Rate – BRWS) / BRWS 

 

 (Actual Burn Rate – Initial Burn 

Rate) / Initial Burn Rate  

 

 
 
The calculation of the variance in cost, schedule and burn rate depends on the current state 

of the ICT project more specifically if the project completed or incomplete. We have to note 

that Budgeted Cost of Work Scheduled (BCWS) is equal to Planned Value and is calculated as 

the product of completion rate and initial budget. Cost Variance for incomplete projects is 

calculated as the deviation of effort that has been spent and the effort that has been 



37 
 

scheduled. Additionally the Burn Rate of Work Scheduled (BRWS) is the monthly funding of 

the project based on the effort that has been scheduled until this moment and it is 

calculated via the next formula: 

BRWS = Planned Value*1000/Actual Schedule/30.5 

 
 
 
According to IT federal Dashboard the variance for cost and schedule are calculated with the 
following way:  
 
Schedule Variance: 
 

Schedule Variance in days  “Planned Completion Date” – “Actual or Projected Completion 
Date” 

Schedule Duration in days for an 
Activity: 

“Planned Completion Date” – “Planned Start Date” 

Schedule Variance (Percentage): (Variance in Days/ Duration) x 100 

 

Cost Variance: 

Cost Variance “Projected or Actual Total Cost” – “Planned Total Costs” 

Cost Variance (Percentage) (“Cost Variance” / “Planned Total Cost”) x 100 

 

Also it is introduced two additional features the Burn Rate and the Burn Rate Variance: 

Burn Rate & Burn Rate Variance: 

Planned Burn Rate  
 
“Planned Total Costs” x 1000 / ”Schedule Duration in days”/30.5 

Actual Burn Rate 
 
“Projected or Actual Total Cost” x 1000 / ”Schedule Duration in 
days”/30.5 

Burn Rate Variance 
(Percentage): 

“Actual Burn Rate” – “Planned Burn Rate” / “Planned Burn Rate” x 100 

 

We preferred to calculate the variances using the above formulas and not to retrieve the 
performance metrics from data feeds of the IT federal dashboard. Also in the case of Greek 
ICT expenditures we use the same formulas as the IT federal dashboards due to the lack of 
the current estimations of the attributes of projects and the rate of completion. 
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4.1.3 PM Evaluations 

 

According to previous section about the Dutch National ICT dashboard one of the major 

limitation is the lack of the expert – Project Manager Opinion about the performance of an 

ICT project. The raw and additional data do not include significant factors of an ICT project 

such as the business value and functionality of the product. Also many times the variances in 

cost and schedule have been created because an additionally functionality or a change in the 

requirements of a project or a merging from other projects to one.  

In American ICT investment the Agency Chief Information Officer (CIO) rates each 

investment based on his or her best judgment, using a set of pre-established criteria. As a 

rule, the Evaluation should reflect the CIO's assessment of the risk and the investment's 

ability to accomplish its goals. CIOs should consult with appropriate stakeholders in making 

their evaluation, such as Chief Acquisition Officers, program managers, etc. 

The following factors and supporting examples should be used to inform the Evaluation: 

Evaluation Factor Supporting Examples 

Risk Management 
o Risk Management Strategy Exists 

o Risks are well understood by senior leadership 

o Risk log is current and complete 

o Risks are clearly prioritized 

o Mitigation plans are in place to address risks 

Requirements Management o Investment objectives are clear and scope is 
controlled 

o Requirements are complete, clear and 
validated 

o Appropriate stakeholders are involved in 
requirements definition 

Contractor Oversight o Acquisition strategy is defined and managed via 
an Integrated Program Team 

o Agency receives key reports, such as earned 
value reports, current status, and risk logs 

o Agency is providing appropriate management 
of contractors such that the government is 
monitoring, controlling, and mitigating the 
impact of any adverse contract performance 

Historical Performance o No significant deviations from planned cost and 
schedule 

o Lessons learned and best practices are 
incorporated and adopted 

Human Capital o Qualified management and execution team for 
the IT investments and/or contracts supporting 
the investment 

o Low turnover rate 

Other o Other factors that the CIO deems important to 
forecasting future success 
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Unlike the Dashboard’s cost and schedule ratings, which are derived by the Office of 

Management and Budget (OMB) based on agency-submitted data, the “Investment Evaluation 

by Agency CIO” (also called the CIO rating) is determined by agency  officials; OMB translates 

the agency’s numerical assignment for an investment into a color for depiction on the 

Dashboard. An OMB staff member from the Office of E-Government and Information 

Technology noted that the CIO rating should be a current assessment of future performance 

based on historical results and is the only Dashboard performance indicator that has been 

defined and produced the same way since the Dashboard’s inception. According to OMB’s 

instructions, a CIO rating should reflect the level of risk facing an investment on a scale from 

1 (high risk) to 5 (low risk) relative to that investment’s ability to accomplish its goals. Each 

agency CIO is to assess their IT investments against a set of six pre-established evaluation 

factors identified by OMB and then assign a rating of 1 to 5 based on his or her best 

judgment of the level of risk facing the investment. According to an OMB staff member, 

agency CIOs are responsible for determining appropriate thresholds for the risk levels and 

for applying them to investments when assigning CIO ratings. 

OMB recommends that CIOs consult with appropriate stakeholders in making their 

evaluation, including Chief Acquisition Officers, program managers, and other interested 

parties. Ultimately, CIO ratings are assigned colors for presentation on the Dashboard, 

according to the five point rating scale, as illustrated in the next table. 

Evaluation ratings are based on a five-point risk scale, as follows: 

 

Evaluation  
(By Agency CIO) 

Color 

5-Low Risk Green 

4-Moderately Low Risk Green 

3-Medium Risk Yellow 

2-Moderately High Risk Red 

1-High Risk Red 

 

 

Unfortunately in the Dutch National ICT dashboard there is not evaluation of the Project 

managers about the performance of ICT projects and thus the estimation of the 

performance relies on the percentage of cost and schedule variance. 

For the Greek investments in ICT we asked Project managers to evaluate their projects in 

using an online questionnaire as it is shown below. According to the responses of the 

questionnaire there is an evaluation of the ICT projects in terms on functionality, business 

value, rate of testing, stakeholder’s satisfaction. The scale of each answer is from 0 (Small 

extent, Incomplete or NO) to 2 (High extent, Very complete, Yes).  
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Questions Scale 
q1 : To what extent is budget met? Small extent = 0 , Some extent =1, Large Extent=2 

q2 : Have the original business benefits been achieved? Yes=2, No=0, Partially=1 

q3 : To what extent is functionality met? Small extent=0 , Some extent=1 , Large Extent=2 

q4 : To what extent the stakeholders (e.g., end-users, 
management) satisfied with the product (e.g., in terms of 
performance, reliability)? 

Small extent=0 , Some extent=1 , Large Extent=2 

q5 : How completely is the system tested? Vey complete=2, Moderately=1, Incomplete=0  

q6: Could you specify level of experience of development 
team? 

High=2, Medium=1,Low=0 

q7 : To what extent is schedule met?  Small extent=0 , Some extent=1 , Large Extent=2 

 

There are two formulas for the calculation of the score for all responses. The first one is the 

total score of each project on a scale from 0 to 14 using the following formula.  

 

 _ iScore PM q  (case 1) 

 
The second formula is derived from the idea that some factors are more important and 

influence significantly the performance of the ICT project and thus in the calculation of the 

total score of the performance of an ICT project it is used a weight. The next table shows the 

weights for each factor. The second formula is a weighted average on a scale from 0 to 2.  

 

Questions Weights 
q1 : To what extent is budget met? W1 =0.1 

q2 : Have the original business benefits been achieved? W2 =0.3 

q3 : To what extent is functionality met? W3 =0.1 

q4 : To what extent the stakeholders (e.g., end-users, 
management) satisfied with the product (e.g., in terms of 
performance, reliability)? 

W4 =0.2 

q5 : How completely is the system tested? W5 =0.1 

q6: Could you specify level of experience of development 
team? 

W6 =0.1 

q7 : To what extent is schedule met?  W7 =0.1 

 

 _ *i iScore PM w q (case 2) 

 

Scoring (By Project Manager) Performance 
0-8 Low 

9-11 medium 

12-14 high 
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4.2. Data collection on each case 

 

4.2.1 Collecting data from IT federal dashboard 

 

The American government provides an open online dashboard in order to visualize the 

process of the ICT expenditures. According to the IT Dashboard for the American 

government, IT Federal dashboard is a website enabling federal agencies, industry, and the 

general public and other stakeholders to view details of federal information technology 

investments. The purpose of the Dashboard is to provide information on the effectiveness of 

government IT programs and to support decisions regarding the investment and 

management of resources. The Dashboard is now being used by the Administration and 

Congress to make budget and policy decisions. So the investments for IT projects are 

transparent and it is a great tool for the public in order to check and analyze the 

expenditures from all agencies. 

 

The following 27 agencies have data available on the IT Dashboard: 

 

 

 

 

 

 

 

 

 

 

 

The IT federal dashboard it can be extracted a lot of information about the investments the 

trends and the performance of the projects. In the following table there is a list. More 

specifically: 

 

 

Department of Agriculture                                     Department of Commerce 

Department of Defense                                          Department of Education 

Department of Energy                                            Department of Health and Human Services 

Department of Homeland Security                  Department of Housing and Urban Development 

Department of the Interior                      Department of Justice 

Department of Labor                         Department of State 

Department of Transportation                 Department of Treasury 

Department of Veteran’s Affairs                 U.S. Agency for International Development (USAID) 

U.S. Army Corps of Engineers                Environmental Protection Agency 

General Services Administration              National Aeronautics and Space Administration 

National Science Foundation                                        Nuclear Regulatory Commission               
Office of Personnel Management             Small Business Administration                    
Smithsonian Institution              Social Security Administration  
National Archives & Records Administration     
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Data Source Description of the data  
 

Exhibit 53 An overview of each Exhibit 53 submission 

Exhibit 53 Funding Sources Funding source information to include; Total IT Spending 

for the PY, CY and BY, and a breakdown of DME and O&M 

costs. 

Activities Activity data to include; cost, schedule and variance 

information 

Investment Baseline History Provides a history of investment rebaselines, replans and 

corrections. 

CIO Evaluation History Provides a history of the evaluation by CIO ratings and 

comments. 

Contracts Overview of contract information including information 

matched with USAspending.gov 

Exhibit 300A Exhibit 300A submission information, as well as Evaluation 

(by Agency CIO) information, and dates of last change to 

activities, contracts, and performance metrics. 

Projects Project data to include; cost, schedule and variance 

information 

Summary of Funding Summary of funding information broken down into 

planning costs, DME, O&M, and Government FTE costs. 

 

From the data sources we use the Projects that contain the cost, the schedule and some 

performance metrics of the project such as cost and schedule variance. 

 

The raw data include 23 fields with information of each project that is shown in the next 

table. The fields can be separated in 8 groups.  

 
Investment  

 Unique Investment Identifier       
 Investment Title      
 Business Case ID        

Agency  Agency Code 
 Agency Name           
 Agency Project ID                                        

Project  Project ID     
 Project Name 
 Project Description 

Schedule  Start Date 
 Completion Date  
 Planned Project Completion Date  
 Projected/Actual Project Completion Date  

Cost  Planned Cost ($ M) 
 Projected/Actual Cost ($ M) 

Performance  Schedule Variance (in days) 
 Schedule Variance (%) 
 Cost Variance ($ M) 
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 Cost Variance (%) 

Lifecycle  Lifecycle Cost 

Report  Updated Date  
 Updated Time 
 Unique Project ID 

 

The fields that are useful for the performance and analysis of the success of the projects are 

these in group Schedule , Cost ,Performance and Lifecycle. 

 

4.2.2 Collecting data from Dutch ICT dashboard 

 

The Dutch government provides to its citizens an online dashboard as it is shown in previous 

chapter. However the dashboard lacks of indicators and information about each ICT 

projects. Also there is not an automatic way collecting all the data that are presented in the 

dashboard. Additionally the reports are in an incomprehensible format and only in Dutch 

language that makes very difficult for not native people to understand. Under these 

circumstances SIG‘s research department provides us a dataset in an excel format with the 

available information about the ICT projects.  

 

4.2.3 Collecting data from Greek government 

 

There are some significant challenges considering that data for governmental expenditures 

for Greek ICT projects in the public sector are not well defined and they are not stored in a 

central database. Also the data that are published in public sources are not well defined and 

they have limited information. The main challenge in Greek ICT projects was the lack of an 

online dashboard with details about the ICT projects and thus only project stakeholder knew 

the exactly measure of each indicator that we wanted to collect. 

In this way a survey approach had to be been accomplished using a typical questionnaire 

that responsible of the projects and more specific project managers should answer.   

Following this concept a list of questions had been prepared and online form using Google 

docs is the most beneficial for a decentralized and easy way to collect data. Also building 

trust with ICT stakeholders was a major step for project mangers’ responses. Due to this fact 

we promised that the answers will be kept strictly confidential and used only for academic 

purposes. Furthermore we promised that we will share the results of the analysis with the 

project stakeholders but this had limited effort changing the lack of interest of project 

managers. Last but not least because of ambiguities about the current project management 

we sent a formal letter to all agencies for details about the projects that are responsible and 

the contact point of project manager on each one. All the challenges and the solutions and 

each of them presented in the following table 

 

 



44 
 

 

 

According to the above first of all we had to find the responsible of each project and the 

contact information of them so as to send the formal questionnaire. We communicated with 

all associated agencies that are responsible for the management and integration of the ICT 

project. In the following table it is shown the list of the agencies and a short description for 

each one. 

Ktimatologio S.A. The “Ktimatologio S.A.” company is a Legal Entity of 
Private Law and its mission is the study, development 
and operation of the Hellenic Cadastre. The company 
was founded with a joint decision of the Minister of 
Economy and Finance and the Minister of 
Environment, Physical Planning and Public Work. 
 

GRNET S.A. The Greek Research and Technology Network - GRNET 
S.A. is a state-owned company, operating under the 
auspices of the Greek Ministry of Education - General 
Secretariat for Research and Technology. Its mission is 
to provide high-quality Infrastructure and services to 
the research and educational community of Greece, 
and to disseminate ICT to the general public. 

Technical Chamber of Greece The Technical Chamber of Greece, is a Public Entity 
with an elected administration. According to the rules 
of the Greek state as a legal entity under public law 
typically supervised by the Ministry of Infrastructure, 
Transport and Networks It aims at developing Science 
and Technology in sectors related to the disciplines of 
its members, for the economic, social, and cultural 
development of the country, in accordance with the 
principles of sustainability and environmental 
protection. 
 

GSIS  The General Secretariat for Information Systems 
(GSIS), the public sector's biggest data center, aims at 
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supporting the activities of the Ministry of Finance. 
 

Infosoc  S.A. Information Society company is a non-profit 
organization placed under the supervision of the 
Ministry of Economy & Finance. The vision of the 
Observatory for the Greek is to become the key point 
of reference for accurate and up-to-date information 
on Information Society  indicators, as well as one of 
the main institutions that contribute to the ICT policy 
formulation processes 
 

CTI The Computer Technology Institute and Press 
"Diophantus" is a research and technology 
organization focusing on research and development in 
Information and Communication Technologies (ICT). 
Particular emphasis is placed on education, by 
developing and deploying conventional and digital 
media in education and lifelong learning; publishing 
printed and electronic educational materials; 
administrating and managing the Greek School 
Network; and supporting the organization and 
operation of the electronic infrastructure of the Greek 
Ministry of Education, Lifelong Learning and Religious 
Affairs and all educational units. 
 

Digital Converge Promotion of the use of Information and 
Communication Technologies (ICT) by enterprises, 
streamlining procedures in the Public Sector, 
promoting entrepreneurship in sectors making use of 
ICTs, increased utilisation of digital applications in 
State administration for the benefit of the citizen and 
improved quality of life achieved through ICTs. Digital 
Converge is under the supervision of the Ministry of 
Economy & Finance. 
 

ELTA S.A  Hellenic Post (ELTA) is a strong group of companies, 
providing Greek citizens with modern high quality 
postal services at affordable prices. 
 

ICCS The Institute of Communications and Computer 
Systems (ICCS) is a non-profit Academic Research 
Foundation, by the Ministry of Education in order to 
conduct research and development activities across 
different sectors of IT. 
 

EETT S.A. National Telecommunications and Post Commission is 
the independent body, which is the national regulator 
that controls, regulates and supervises: (a) the 
electronic communications market in which companies 
operate fixed and mobile telephony, wireless 
communications and the Internet and (b) postal 
market in which companies operate postal services 
and courier services. Moreover, EETT exercise the 
powers Competition in these markets. 
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The procedure of data collection started at 21/2/2013 and the last response in the 

questionnaire was at 13/5/2013. From the list above the agencies that applied at least at 

one of the projects are GRNET, Infosoc, ktimatologio, GSIS, TCG, Digital converge. 

 

4.3. Preprocessing 

 

In the previous chapter is referred a number of data preprocessing techniques from four 

main categories which are data cleaning, data integration, data transformation and data 

reduction. In our preprocessing procedure we use the data cleaning which also called data 

cleansing or scrubbing, detecting the missing values and removing errors and inconsistencies 

from data in order to improve the quality of data. In addition using the interquartile range 

and the well-known clustering algorithm k-means to identify the outliers. For these datasets 

the data integration is not beneficial because the different sources are independently and 

non-consistent each other. In the field of data transformation new attribute/feature are 

created based on the raw data as it is shown above in the calculation of additional 

indicators. 

 

4.3.1 Data cleaning  

 
First of all we searched in the datasets about missing values. There are a lot of techniques to 
handle missing values such as replacing with a global constant, the attribute mean or the 
most probable value to fill in the missing value. We prefer to remove the instances with 
missing values from the dataset. 
 
In Dutch dataset there are some missing values and more specifically there is not 

information about budget for projects e-customs and iwgi-progis which is the abbreviation 

of the ICT projects that are included in the Appendix.  More specifically there is not value for 

the initial, current and actual cost for these projects. So the number of projects for the 

analysis is 57 projects (59 total projects – 2).  

In dataset that is derived from the IT federal dashboard the raw data are 2468 instances 

(projects). In this stage of data mining approach the projects with missing values are 

removed from the dataset. We have to note that the number of the instances with missing 

values in the dataset is 921 instances. The missing are at most in the field of Planned 

Completion Date and Projected/Actual Date and thus it is impossible to calculate the 

duration in workdays of a project or the burn rate metric. Checking twice the dataset we find 

that for 2 instances the number of duration of the project is 0. This happened because in 

these projects the start and the completion date was the same. So we preferred to remove 

these instances from the dataset. Cleaning our dataset from these instances the final dataset 

for our analysis has now 1545 projects. In addition the projects can be separated to 

complete and incomplete projects and there are 1489 projects that have been completed 

and 56 that they are still being in process. 
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In the Greek dataset that is derived from the questionnaire we have 27 responses but 2 

responsible haven’t answered the basic questions for the completion of the raw data.  So 

the Greek dataset has a list with 25 instances. 

The next table shows the number of instances the missing values and the final number of 

instances in each case. 

 Dutch ICT projects USA ICT projects Greek ICT projects 

Raw data 59 2468 27 

Missing values 2 923 2 

Final instances 57 1545 25 

 

The identification of the outliers and the extreme values is achieved using the Interquatrile 

range (IQR) and clustering. First of all the Interquartile range is often used to find outliers in 

data and more specifically outliers are observations that fall below Q1 - 1.5(IQR) or above Q3 

+ 1.5(IQR). The clustering can isolate instances which constitute outliers as separate cluster. 

For clustering we use the k- means algorithm increasing the number of clusters each time.  

 

4.3.2 Data transformation 

 
Calculating the spillages for the cost, schedule and burn rate the value of each indicator is 
negative if the ICT project is under budget, under schedule or under monthly funding 
respectively. The responsible of ICT projects care mostly about the slippages that could 
reduce the performance of their own project. So we created an additional normalized 
dataset for each one of the governmental ICT Project. In normalized dataset the negative 
values of the slippages are replaced by zero and the positive values are kept as originally. In 
the following there is the number of negative values in each attribute for all datasets. 
 
 

 # negative values CV # negative values SV # negative values BRV 

Dutch dataset 39 9 45 

IT federal Dataset 519 315 676 

Greek Dataset 13 3 18 

 
 
 

4.3.3 Discretization of Data 

 
The discretization of the attributes of a dataset is necessary so as to use Apriori algorithm 
and produce association rules. We implement some test for discretization based on the 
distribution of the data and choose the thresholds for each attribute.  The attributes for this 
procedure are budget, Schedule, Cost Variance, Schedule Variance, Burn Rate, State and 
Burn Rate Variance. In Chapter 6 there is a detailed description about the thresholds and 
discretization in each case. 

http://en.wikipedia.org/wiki/Outliers
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Chapter 5  
Statistical Analysis 

 

5.1 Descriptive analysis  

 

Descriptive statistics provides simple summaries about the sample. Descriptive statistics can 
include graphical summaries that show the spread of the data, numerical summaries that 
measures and the central tendency of a data set. 

 
 

5.1.1 Dutch dataset 

 
The following figures show the Budget, Schedule and Burn Rate respectively. The ICT 
projects are sorted based on final (completed projects) or initial (incomplete projects) 
budget, schedule and burn rate. 
 

 

 
 
 
 
As the figure shows, the largest project in terms of cost is the ICT pro 12 project, with a total 
cost of € 305 million which is completed. The largest incomplete that is still running is ICT 
pro 14 with a budget of € 185 million. 
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The following figure shows the schedule of each ICT project. 
 
 

 
 
 
As the figure shows, the project with the longest duration is the ICT pro 14 project, which 
has started 1st of March of 2002 and its current estimation about the completion date is the 
30 June of 2014 which amounts to 4504 days.  
 
 
 
The following figure shows the Burn Rate of each ICT project. 
 

 

 
 
 
The most of the projects spend in terms of monthly expenditures under of € 2 million. In 
addition the most of the projects have projected well or overestimated their monthly 
expenditures. 
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The following figures show the Cost Variance, Schedule Variance and Burn Rate Variance. 
We mention that the negative values show that the cost variance is under the budget 
scheduled and the schedule is under the time respectively. Also the negative values for Burn 
Rate Variance show monthly underfunding. The next figure shows the cost slippage for 
completed and incomplete ICT projects. 
 

 
 

Τhe most of the projects had to recalculate their initial cost. In addition 39 ICT projects are 
under the budget and 21 of them are completed projects.  The next table shows the 
differences in the number of projects based on the current state (completed – incomplete) 
in each category. The most over budget projects are completed.  
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The next figure shows the schedule slippage for completed and incomplete ICT projects. 
 

 
 
As the figure shows, the most of the project had to recalculate their schedule. The following 
table separates the completed and incomplete projects which are on time and after 
schedule. 
 

 
 

Completed 
Projects 

Incomplete 
Projects 

Number of Projects 

Under Budget 21 18 39 

Over Budget 16 2 18 

Dataset 37 20 57 
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Completed 
Projects 

Incomplete 
Projects 

Number of Projects 

On time 13 9 22 

After Schedule 24 11 35 

Dataset 37 20 57 

 
The next figure shows the schedule slippage for completed and incomplete ICT projects. 
 

 
 
As the figure shows, the most of the project are monthly underfunding. This happens 

because of the recalculations in budget and schedule. The cost usually is kept the same and 

the schedule is prolonged. 
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Complete Projects Incomplete 
Projects 

Number of Projects 

Projected Monthly 
Funding 

27 18 45 

Over Monthly Funding  10 2 12 

Dataset 37 20 57 

 
 
 
Using categorical scale for burn rate variance we have the following distributions as it is 
shown in the table: 
 
Status of Burn Rate Num of projects 

Planned 0 

Under Burn Rate 45 

Over Burn Rate 12 

 

 
The following table includes all the descriptive statistics for all attributes of the Dutch 
dataset. 

 
 Budget Schedule BurnRate CV SV BRV 

Mean 40,62 1365,98 930,17 -0,09 0,37 -0,09 

Standard Error 6,24 80,90 113,44 0,08 0,08 0,08 

Median 29 1400 601,64 -0,23 0,16 -0,23404 

Standard Deviation 47,15 610,82 856,50 0,67 0,66 0,66 

Sample Variance 2223,58 373104,2 733593,7 0,44 0,43 0,44 

Kurtosis 17,17 -0,13 8,30 6,58 8,09 6,58 

Skewness 3,63 0,37 2,38 2,04 2,38 2,04 

Range 296,65 2618 4907,64 3,82 3,92 3,82 

Minimum 4,05 364 117,76 -1 -0,48 -1 

Maximum 300,7 2982 5025,4 2,82 3,43 2,82 

Sum 2315,31 77861 53019,72 -5,66 21,33 -5,66 

Count 57 57 57 57 57 57 

Largest  300,7 2982 5025,4 2,82 3,43 2,82 

Smallest 4,05 364 117,76 -1 -0,48 -1 

Confidence Level(95.0%) 12,51 162,07 227,26 0,18 0,17 0,18 

 
 
 

5.1.2 IT Federal 

 
Cleaning our dataset from missing values instances the final dataset for our analysis has 
1545 projects. In addition the projects can be separated to complete and incomplete 
projects and there are 1489 projects that have been completed and 56 that they are still 
being in process. 
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The first figure shows the planned cost for the selected projects in million $. The most of the 

project 1310 has budget under 10 million $. More details for the budget cost are shown in 

the following table. 

 

 

 

 

 

Scale of projects’ budget 

Project Budget( $) Number of projects 

Less than 1M 665 

From 1M to 10M 645 

From 10M to 100M 207 

From 100M to 1B 28 

More than  1B 2 

 

 

The next figure shows the duration of all projects in the dashboard. We notice that the most 
projects 1422 are under of 3 years duration. 
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Figure 2 

Scale of projects’ duration 

Schedule Number of projects 

Less than 1 year  547 

1 to 3 years  873 

3 to 5 years 70 

5 to 10 years 39 

More than 10 years 16 

 
The following figure shows the Burn Rate of each ICT project.
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Scale of projects’ Burn Rate 
 

Monthly Funding ($) Number of projects 

Less than 10000  110 

10000-100000 602 

100000-1M 650 

1M-10M 169 

More than 10 millions 14 

 
 

 
 
The most of the projects spend in terms of monthly expenditures between 100000-1M $. In 
addition the most of the projects have projected well or overestimated their monthly 
expenditures. 
 
 
The following figures show the Cost Variance, Schedule Variance and Burn Rate Variance. 
We mention that the negative values show that the cost variance is under the budget 
scheduled and the schedule is under the time respectively. Also the negative values for Burn 
Rate Variance show monthly underfunding and positive values. The next figure shows the 
cost slippage for completed and incomplete ICT projects. 

 
 
The following figure shows the calculated cost variance of the projects.  
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Complete Projects Incomplete 
Projects 

Number of Projects 

Under Budget 1196 49 1245 

Over Budget 293 7 300 

Dataset 1489 56 1545 

 

 

In this point we test the cost variance derived from dashboard with our calculations. We 

have to mention that though the formula of cost variance produces negative values for the 

under budget projects in the dataset all the project that are under budget has opposite sign. 

Also the values of the calculated cost variance and the cost variance from the data feed of 

dashboard is in some cases different and this explains the changes in the following table. 

    

 
 

Complete Projects Incomplete 
Projects 

Number of Projects 

Under Budget 1202 50 1252 

Over Budget 287 6 293 

Dataset 1489 56 1545 

 

The following figure shows the schedule variance for all projects of dataset.
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Complete Projects Incomplete 
Projects 

Number of Projects 

On time 1180 50 1230 

After Schedule 309 6 315 

Dataset 1489 56 1545 

 

In this point we test the Schedule Variance derived from dashboard with our calculations. 

We have to mention that  the planned completion date and the projected/actual completion 

date is equal in many projects and thus the schedule variance from the dashboard is 0. Also 

the values of the calculated schedule variance and the schedule variance from the data feed 

of dashboard is in some cases different and this explains the changes in the following table. 

 

 
 

Complete Projects Incomplete 
Projects 

Number of Projects 

On time 1035 50 1085 

After Schedule 454 6 460 

Dataset 1489 56 1545 

 

The next figure shows the burn rate variance based on the above calculation. We notice that 

for some case the variance is far from 1 which means a huge spillage in the daily funding or 

an outlier in our dataset. 
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Complete Projects Incomplete 
Projects 

Number of Projects 

Projected Monthly 
Funding 

1185 44 1229 

Over Monthly Funding  304 12 316 

Dataset 1489 56 1545 

 

 
Using categorical scale for burn rate variance we have the following distributions as it is 
shown in the table : 
 
Status of Burn Rate Num of projects 

Planned 553 

Under Burn Rate 676 

Over Burn Rate 316 

 
 

 
The following table includes all the descriptive statistics for all attributes of the IT federal 
dataset. 

 
 

 Budget Schedule BurnRate CV SV BRV 

Mean 12705999 507,95 720,29 0,05 -0,06 0,02 

Standard Error 1716846 15,25 105,22 0,03 0,01 0,03 

Median 1435650 365 117,87 0 0 0 

Standard Deviation 67483193 599,6072 4135,77 1,08 0,33 1,10 

Sample Variance 4,55E+15 359528,7 17104583 1,18 0,11 1,21 

Kurtosis 170,39 34,53 522,9898 648,48 94,78 617,22 

Skewness 11,99 4,89 20,62 22,66 -8,08 21,82 

Range 1,27E+09 7946 119682,3 35,04 6,71 38,64 

Minimum 1 7 8,93E-05 -1 -5,51 -4,59 

Maximum 1,27E+09 7953 119682,3 34,05 1,19 34,05 

Sum 1,96E+10 784785 1112858 71,94 -101,61 22,7 

Count 1545 1545 1545 1545 1545 1545 

Largest  1,27E+09 7953 119682,3 34,05 1,19 34,04 

Smallest 1 7 8,93E-05 -1 -5,51 -4,59 

Confidence Level(95.0%) 3367596 29,92 206,38 0,05 0,02 0,05 
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5.1.3 Greek dataset 

 

The next figure shows the budgets of all projects. The columns are labeled with abbreviated 
project names – full names so to keep them confidential. 

 

 
 
As the figure shows, the largest project in terms of budget is the ICT pro 5 project,  with a  
budget of € 26 million. The second largest project is ICT pro 3, with  budget of € 24 million. 
The largest incomplete that is still running is ICT pro 3 with a budget of € 16,56 million. 

 
 
Scale of projects’ budget 

Project Budget( $) Number of projects 

Less than 1M 6 

From 1M to 10M 14 

More than  10Μ 5 

 
 
 
The following figure is the duration in days of the ICT projects. 
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As the figure shows, the project with the longest duration is the ICT pro 1 project, which has 
started 1st of March of 2008 and is currently scheduled to run until the 31th of December of 
2015, which amounts to 1800 days (5 years).  According to the following table the most of 
the projects need 3 to 5 years development. 
 
Scale of projects’ duration 

Schedule Number of projects 

Less than 1 year  4 

1 to 3 years  10 

3 to 5 years 11 

 
 
 
The following figure is the monthly Burn Rate in million Euros of the ICT projects. We have 
calculated the monthly budgets of each project. In particular, the burn rate of a project is 
defined as its total budget cost, divided by the number of working days between end and 
start date of the project. 
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As the figure shows, the project with the highest monthly cost is the ICT pro 5 project, with a 
burn rate of € 1,1 million . The most of the projects spend in terms of monthly expenditures 
under of € 200.000. 

 
Scale of projects’ Burn Rate 
 

Monthly Funding ($) Number of projects 

Less than 10000  3 

10000-100000 10 

100000-1M 11 

1M-10M 1 

 

 
 
The following figure shows the Cost Variance. We mention that the negative values show 
that the cost variance is under the budget scheduled.  
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In the above figure it shows the most of the projects had to recalculate their initial cost. In 

addition  11 ICT projects are  under the budget scheduled 8 of them are completed projects. 

Also 5  ICT projects are over the budget scheduled and the ICT pro 20  is the one with the 

highest cost slippage. 

 
 

 
 

Complete Projects Incomplete 
Projects 

Number of Projects 

Under Budget 14 6 20 

Over Budget 2 3 5 

Dataset 16 9 25 

 

 

The following figures show the Schedule Variance. We mention that the negative values 
show that the schedule is under the time.  
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As the figure shows, the most of the project had to recalculate their schedule. Only 3 ICT 

projects are under the time and ICT pro 10 has the maximum schedule slippage because it 

started with 90 days initial schedule and finished after 429 days. 

 

 

 
 

Complete Projects Incomplete 
Projects 

Number of Projects 

On time 6 6 12 

After Schedule 10 3 13 

Dataset 16 9 25 

 
 
 
 
 
 
 
The following figures shows the Burn Rate Variance. The negative values for Burn Rate 
Variance show monthly underfunding. 
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As the figure shows, the most of the project are monthly underfunding. This happens 

because of the recalculations in budget and schedule which prolong the duration of the 

projects keeping the same initial cost. 

 

 

 
 

Complete Projects Incomplete 
Projects 

Number of Projects 

Projected Monthly 
Funding 

14 9 23 

Over Monthly Funding  2 0 2 

Dataset 16 9 25 

 
 
 
 
The following table includes all the descriptive statistics for all attributes of the Greek 
dataset. 
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 Budget Schedule BurnRate CV SV BRV 

Mean 5,65 884,68 197024,4 -0,06 0,51 -0,25 

Standard Error 1,45 96,12 50468,42 0,04 0,17 0,05 

Median 3 720 98272,43 -0,002 0,1 -0,18 

Standard Deviation 7,26 480,62 252342,1 0,19 0,88 0,27 

Sample Variance 52,75 231003,1 6,37E+10 0,04 0,78 0,07 

Kurtosis 2,56 -0,87 6,44 2,88 7,08 -1,17 

Skewness 1,77 0,13 2,39 -1,33 2,41 -0,42 

Range 26 1710 1101389 0,95 4,11 0,88 

Minimum 0 90 0 -0,65 -0,34 -0,78 

Maximum 26 1800 1101389 0,3 3,766 0,09 

Sum 141,24 22117 4925610 -1,60 12,65 -6,38 

Count 25 25 25 25 25 25 

Largest  26 1800 1101389 0,3 3,76 0,09 

Smallest 0 90 0 -0,65 -0,34 -0,78 

Confidence Level(95.0%) 2,998 198,39 104161,7 0,08 0,36 0,11 

 
 
 
 

5.2 Hypothesis testing 

 
In this analysis it is tested the kind of distribution of each attribute.  First of all we check if 
the attributes follows the normal distribution. Secondly we identify if the attributes of 
different datasets follow the same distribution. Finally we check the difference in mean 
values for attributes of different datasets. 
  
 

5.2.1 Lilliefors test 

 
The Lilliefors test evaluates the hypothesis that X has a normal distribution with unspecified 
mean and variance, against the alternative that X does not have a normal distribution. It is 
used to test the null hypothesis that data come from a normally distributed population, 
when the null hypothesis does not specify which normal distribution. This test compares the 
empirical distribution of X with a normal distribution having the same mean and variance as 
X. It is similar to the Kolmogorov-Smirnov test, but it adjusts for the fact that the parameters 
of the normal distribution are estimated from X. 
 
 
Results of Lilliefors test 
 

Dutch dataset IT federal Greek dataset 

Only schedule variable 
follows normal distribution 
(h=0) 

no one (h=1 for all 
attributes) 

schedule & burn rate 
variance follows normal 
distribution (h=0) 

 

http://en.wikipedia.org/wiki/Null_hypothesis
http://en.wikipedia.org/wiki/Normal_distribution
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5.2.2 T-test and Ranksum test 

 
We use two different ways the T-test and Ranksum test in order to check in mean values  for 
attributes of different datasets are different or similar. 
 
A t-test of the null hypothesis that data in the vectors x and y are independent random 
samples from normal distributions with equal means and equal but unknown variances, 
against the alternative that the means are not equal. The result of the test is returned in h. h 
= 1 indicates a rejection of the null hypothesis at the 5% significance level. h = 0 indicates a 
failure to reject the null hypothesis at the 5% significance level. x and y need not be vectors 
of the same length. 
 
 
 
 

1. Burn Rate  Dutch vs IT federal 
h =  0, p = 0.1766  

 

2. Cost Variance  Dutch vs IT federal 
h =  0, p =  0.1195 

 

 Dutch vs Greek 
h = 0, p = 0.7187 

 

3. Schedule Variance  Dutch vs IT federal 
h = 0, p = 0.1195 

 

 Dutch vs Greek 
h =  0, p = 0.7187 

 

4. Burn Rate Variance  Dutch vs IT federal 
h =  0, p =  0.1195 

 

 Dutch vs Greek 
h =  0, p = 0.7187 

 

 
 
 
 
The mean value for cost, schedule and burn rate variance in Dutch and Greek ICT projects 
are equal with high probability. 
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The Ranksum or Mann-Whitney test, is a nonparametric test that compares two unpaired 
groups. To perform the Mann-Whitney test it is introduced a null hypothesis that two 
populations are the same against an alternative hypothesis especially that a particular 
population tends to have larger values than the other. The null hypothesis is that the 
distributions of both groups are identical, so that there is a 50% probability that an 
observation from a value randomly selected from one population exceeds an observation 
randomly selected from the other population. P is the probability of observing the given 
result, or one more   extreme, by chance if the null hypothesis ("medians are equal") is   
true.   Small values of P cast doubt on the validity of the null hypothesis.   

 
 
 

1. Cost Variance  Greek vs IT federal 
h = 0, p = 0.1991 

 

 Dutch vs Greek 
h = 0, p =  0.0831 

 

2. Schedule Variance  Greek vs IT federal 

 h = 0,  p = 0.1991 
 

 Dutch vs Greek 
h = 0, p = 0.0831 
 

3. Burn Rate Variance  Dutch vs IT federal 
h = 0, p = 0.1991 
 

 Dutch vs Greek 
h = 0, p = 0.0831 

 

 
 
 

5.2.3 Kolmogorov-Smirnov test 

 
Kolmogorov-Smirnov test to compare the distribution of two samples. A two-sample 
Kolmogorov-Smirnov test is used to compare the distributions of values in the two data 
vectors X1 and X2 of length n1 and n2, respectively. The null hypothesis for this test is that 
X1 and X2 have the same continuous distribution. 
 
 
 

1. Budget  Dutch vs IT federal 
h = 0, p =  0.9988 
 

 Greek vs IT federal 
h =  0, p = 1 
 

 Dutch vs Greek 
h =  0, p = 1 

 

2. Schedule  Dutch vs Greek 
h =  0, p =1 

 

 Greek vs IT federal 

http://en.wikipedia.org/wiki/Null_hypothesis
http://en.wikipedia.org/wiki/Alternative_hypothesis


69 
 

h =  0, p =   0.9114 
 

 Schedule Variance  Greek vs IT federal 
h =  0, p =  0.9114 

 

 
 
 
The distribution of the budget on each dataset is the same. The distribution of the schedule 
is the same for Dutch and Greek as well as for Greek and it federal. 
The distribution of the schedule variance is the same for Greek and it federal. 
 
 

5.3 Correlation analysis 

 
Assuming that the data are skewed Spearman’s correlation is calculated for the Dutch, 
American and Greek dataset that works by calculating Pearson’s correlation on the ranked 
values of this data.  

In the following table correlation coefficient lies between +1 and -1. The + or – sign denotes 
the direction of the correlation. The positive sign denotes direct correlation whereas the 
negative sign denotes inverse correlation. Zero signifies no correlation. And the closer the 
number moves towards 1, the stronger the correlation is. Usually for the correlation to be 
considered significant, the correlation must be 0.5 or above in either direction. The P-value 
is the probability, when the null hypothesis is true, that the absolute value of the T-statistic 
would equal or exceed the observed value (T-value). A small P-value is evidence that the null 
hypothesis is false and the attributes are, in fact, correlated. 

It is examined the correlation between the different attribute of the ICT projects in order to 
test if the increase or the decrease of one attribute influences the values of other attributes.   

5.3.1. Dutch dataset 

The next figure shows the correlation matrix between all the attributes of the Dutch dataset.
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Correlation coefficient (r)  

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.4237     0.8281     0.2425    0.1922     0.2425 

Schedule 0.4237         1.0000    -0.0889    0.0961    -0.0923     0.0961 

Burn Rate      0.8281    -0.0889     1.0000     0.1406     0.2767     0.1406 

Cost 
Variance 

0.2425        0.0961     0.1406     1.0000     0.4147     1.0000 

Schedule 
Variance 

   0.1922    -0.0923     0.2767     0.4147     1.0000    0.4147 

Burn Rate 
Variance 

    0.2425     0.0961     0.1406     10000    0.4147     1.0000 

 

 

P –value 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget 1.0000     0.0010     0.0000        0.0691    0.1520    0.0691 

Schedule 0.0010         1.0000     0.5106     0.4769    0.4945     0.4769 

Burn Rate 0.0000         0.5106     1.0000     0.2969     0.0372    0.2969 

Cost 
Variance 

    0.0691    0.4769     0.2969    1.0000     0.0013     0.0000 

Schedule 
Variance 

    0.1520     0.4945 0.0372 0.0013     1.0000     0.0013 

Burn Rate 
Variance 

    0.0691    0.4769     0.2969     0.0000     0.0013          1.0000 

 

Color map of the correlation matrix 

 

In the following list observations for the correlation of the attributes of Dutch dataset are 

presented: 
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1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Cost Variance & Schedule Variance is weakly correlated  

4. Cost Variance & Burn Rate Variance is highly correlated 

 

It is also examined how the current state of an ICT project influences the correlation 

between the pairs of the attributes. For this analysis each dataset is split to complete and 

incomplete projects  

 

Correlation coefficient (r) for Complete Projects 

 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.3489     0.8349     0.3912    0.3507     0.3912 

Schedule 0.3489         1.0000    -0.1567    0.0969    -0.0408     0.0969 

Burn Rate      0.8349    -0.1567     1.0000     0.3158     0.4101     0.3158 

Cost 
Variance 

0.3912        0.0969     0.3158     1.0000     0.5583     1.0000 

Schedule 
Variance 

   0.3507    -0.0408     0.4101     0.5583     1.0000    0.5583 

Burn Rate 
Variance 

    0.3912     0.0969     0.3158     1.0000    0.5583     1.0000 

 

 

P –value for Complete Projects 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget 1.0000     0.0343     0.0000        0.0167   0.0333      0.0167   

Schedule 0.0343        1.0000     0.3542     0.5682   0.8104     0.5682 

Burn Rate 0.0000         0.3542    1.0000     0.0569    0.0117 0.0569 

Cost 
Variance 

    0.0167 0.5682 0.0569 1.0000     0.0003     0.0000 

Schedule 
Variance 

    0.0333     0.8104 0.0117 0.0003     1.0000     0.0003 

Burn Rate 
Variance 

    0.0167    0.5682 0.0569 0.0000     0.0003 1.0000 
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Color map of the correlation matrix Complete Projects 

 

In the following list observations for the correlation of the attributes of the completed ICT 

projects from the Dutch dataset are presented: 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Budget and Cost Variance is weakly correlated 

4. Budget and Schedule Variance is weakly correlated 

5. Budget and Burn Rate Variance is weakly correlated  

6. Burn Rate and Cost Variance is weakly correlated 

7. Burn Rate and Schedule Variance is weakly correlated 

8. Burn Rate and Burn Rate Variance is weakly correlated 

9. Cost Variance and Schedule Variance is weakly correlated 

10. Cost Variance & Burn Rate Variance is highly correlated 

11. Schedule Variance and Burn Rate Variance is weakly correlated 

 

Correlation coefficient (r) for Incomplete Projects 

 

Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.6311     0.8180     -0.0948    -0.3800     -0.0948 

Schedule 0.6311         1.0000    0.1316    0.4560    -0.1538     0.4560 

Burn Rate      0.8180    0.1316     1.0000     -0.3498     -0.1766     -0.3498 

Cost 
Variance 

-0.0948        0.4560     -0.3498     1.0000     0.3296     1.0000 

Schedule 
Variance 

   -0.3800    -0.1538     -0.1766     0.3296     1.0000    0.3296 

Burn Rate 
Variance 

    -0.0948     0.4560     -0.3498     1.0000    0.3296     1.0000 
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P –value for Incomplete Projects 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget 1.0000     0.0028     0.0000        0.6910  0.0984  0.6910 

Schedule 0.0028     1.0000     0.5801   0.0433 0.5175 0.0433 

Burn Rate 0.0000         0.5801 1.0000     0.1306 0.4565 0.1306 

Cost 
Variance 

    0.6910 0.0433 0.1306 1.0000     0.1558 0.0000 

Schedule 
Variance 

    0.0984 0.5175 0.4565 0.1558 1.0000     0.1558 

Burn Rate 
Variance 

    0.6910 0.0433 0.1306 0.0000     0.1558 1.0000 

 

Color map of the correlation matrix of Incomplete Projects

 

In the following list observations for the correlation of the attributes of the incomplete ICT 

projects from the Dutch dataset are presented:  

 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Budget and Schedule Variance is weakly negative correlated 

4. Schedule and Cost Variance is weakly correlated  

5. Schedule and Burn Rate Variance is weakly correlated 

6. Burn Rate and Cost variance is weakly negative correlated 

7. Burn Rate and Burn Rate Variance is  weakly negative correlated 

8. Cost Variance and Schedule Variance is weakly correlated 

9. Cost Variance & Burn Rate Variance is highly correlated 

10. Schedule Variance and Burn Rate Variance is weakly correlated 
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5.3.2. IT federal dataset 

 

The next figure shows the correlation matrix between all the attributes of the IT federal 

dataset. 

 

Correlation coefficient (r)  

 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget 1.0000 0.4261 0.9125 -0.0279 0.0500 0.0064 

Schedule 0.4261 1.0000 0.0719 -0.0177 0.1217 0.0689 

Burn Rate 0.9125 0.0719 1.0000 -0.0226 -0.0046 -0.0258 

Cost 
Variance 

-0.0279 -0.0177 -0.0226 1.0000 -0.0751 0.7354 

Schedule 
Variance 

0.0500 0.1217 -0.0046 -0.0751 1.0000 0.4696 

Burn Rate 
Variance 

0.0064 0.0689 -0.0258 0.7354 0.4676 1.0000 

 

P values  

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget 1.0000 0.0000 0 0.2739 0.0494 0.8020 

Schedule 0.0000 1.0000 0.0047 0.4860 0.0000 0.0067 

Burn Rate  0 0.0047 1.0000 0.3742 0.8568 0.3102 

Cost 
Variance 

0.2739 0.4860 0.3742 1.0000 0.0031 0.0000 

Schedule 
Variance 

0.0493 0.0000 0.8568 0.0031 1.0000 0.0000 

Burn Rate 
Variance 

0.8020 0.0067 0.3102 0.0000 0.0000 1.0000 

 



75 
 

Color map of the correlation matrix  

 

 

 

In the following list observations for the correlation of the attributes of the IT Federal 

dataset are presented: 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Cost Variance & Schedule Variance is weakly correlated  

4. Cost Variance & Burn Rate Variance is highly correlated 

It is also examined how the current state of an ICT project influences the correlation 

between the pairs of the attributes.  

 

Correlation coefficient (r) for Complete Projects 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.4061     0.9129     -0.0204 0.0389     0.0072 

Schedule 0.4061         1.0000    0.0509    -0.0131    0.1027     0.0626 

Burn Rate      0.9129    0.0509     1.0000     -0.0151     -0.0082    -0.0212 

Cost 
Variance 

-0.0204        -0.0131     -0.0151     1.0000     -0.0716     0.7386 

Schedule 
Variance 

   0.0389    0.1027     -0.0082     -0.0716     1.0000           0.4680  

Burn Rate 
Variance 

    0.0072     0.0626     -0.0212 0.7386    0.4680    1.0000 
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P value for Complete Projects 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.0000          0     0.4309 0.1335     0.7806 

Schedule 0.0000         1.0000    0.0496    0.6148    0.0001    0.0157 

Burn Rate      0    0.0496     1.0000     0.5613   0.7507     0.4145 

Cost 
Variance 

0.4309        0.6148    0.5613     1.0000  0.0057    0.0000 

Schedule 
Variance 

   0.1335    0.0001     0.7507     0.0057     1.0000           0.0000 

Burn Rate 
Variance 

    0.7806 0.0157     0.4145 0.0000    0.0000    1.0000 

 

Color map of the correlation matrix of Complete Projects

 

In the following list observations for the correlation of the attributes of the completed ICT 

projects from the IT Federal dataset are presented: 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Cost Variance and Burn Rate Variance is highly correlated 

4. Schedule Variance and Burn Rate Variance is weakly correlated 

 

Correlation coefficient (r) for Incomplete Projects 

 Budget Schedule Burn Rate Cost 
Variance 

Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.5519    0.9164     -0.3228 0.0654     -0.2123 

Schedule 0.5519         1.0000    0.2346    -0.2433    0.4187     0.0495 

Burn Rate      0.9164    0.2346    1.0000     -0.2827     -0.1196     -0.2952 

Cost 
Variance 

-0.3228        -0.2433     -0.2827     1.0000     -0.1754     0.6438 

Schedule 
Variance 

   0.0654    0.4187     -0.1196     -0.1754     1.0000           0.5135  
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Burn Rate 
Variance 

    -02123     0.0495     -0.2952 0.6438    0.5135    1.0000 

 

P-value for Incomplete Projects 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget 1.0000 0.0000 0 0.0152 0.6322 0.1161 

Schedule 0.0000 1.0000 0.0818 0.0708 0.0013 0.7169 

Burn Rate  0 0.0818 1.0000 0.0348 0.3801 0.0272 

Cost 
Variance 

0.0152 0.0708 0.0348 1.0000 0.1959 0.0000 

Schedule 
Variance 

0.6322 0.0013 0.3801 0.1959 1.0000 0.0001 

Burn Rate 
Variance 

0.1161 0.7169 0.0272 0.0000 0.0001 1.0000 

 

Color map of the correlation matrix of Incomplete Projects

 

In the following list observations for the correlation of the attributes of the incomplete ICT 

projects from the IT Federal dataset are presented: 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Budget and Cost Variance is weakly negative correlated 

4. Schedule and Schedule Variance is weakly correlated  

5. Schedule and Cost Variance is weakly correlated  

6. Schedule and Burn Rate is weakly correlated 

7. Burn Rate and Cost Variance is weakly negative correlated 

8. Burn Rate and Burn Rate Variance is weakly negative correlated 

9. Schedule Variance and Burn Rate Variance is weakly correlated 
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5.3.3 Greek dataset 

 

The next figure shows the correlation matrix between all the attributes of the Greek dataset. 

 

 

Correlation coefficient (r)  

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.4364     0.8429    -0.0963     -0.0732    0.0069 

Schedule 0.4364         1.0000    0.0079     0.1321    -0.1655     0.1355 

Burn Rate      0.8429     0.0079     1.0000     -0.0785     0.0912    -0.1157 

Cost 
Variance 

   -0.0963     0.1321    -0.0785     1.0000  0.1128     0.2366 

Schedule 
Variance 

-0.0732        -0.1655    0.0912     0.1128     1.0000          -0.8175       

Burn Rate 
Variance 

0.0069        0.1355    -0.1157     0.2366    -0.8175     1.0000 

 

 

P values  

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.0374     0.0000     0.6619     0.7401     0.9750 

Schedule     0.0374        1.0000    0.9713     0.5480     0.4506     0.5375 

Burn Rate  0.0000     0.9713     1.0000     0.7220     0.6790     0.5990 

Cost 
Variance 

0.6619     0.5480     0.7220 1.0000  0.6084     0.2771 

Schedule 
Variance 

0.7401     0.4506     0.6790            0.6084     1.0000           0.0000       

Burn Rate 
Variance 

    0.9750     0.5375     0.5990     0.2771     0.0000     1.0000 
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Color map of the correlation matrix  

 

In the following list observations for the correlation of the attributes of the incomplete ICT 

projects from the Greek dataset are presented: 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Schedule Variance & Burn Rate Variance is highly negative correlated 

 

Correlation coefficient (r) for Complete Projects 

    Budget Schedule Burn Rate Cost 
Variance 

Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.4650     0.7824    -0.3541    -0.0341     0.0456 

Schedule 0.4650         1.0000    -0.0353    -0.1557    -0.2431     0.2622 

Burn Rate      0.7824    -0.0353     1.0000     -0.1630     0.1022    -0.0898 

Cost 
Variance 

   -0.3541    -0.1557    -0.1630     1.0000  0.1896    -0.1127 

Schedule 
Variance 

   -0.0341    -0.2431     0.1022     0.1896     1.0000           -0.9874 

Burn Rate 
Variance 

    0.0456     0.2622    -0.0898    -0.1127    -0.9874     1.0000 
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P values for Completed Projects 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.0695     0.0003     0.1785     0.9003     0.8668 

Schedule 0.0695         1.0000    0.8967     0.5648     0.3642     0.3267 

Burn Rate      0.0003     0.8967     1.0000     0.5465     0.7064     0.7409 

Cost 
Variance 

    0.1785     0.5648     0.5465     1.0000  0.4820     0.6778 

Schedule 
Variance 

    0.9003     0.3642     0.7064     0.4820     1.0000    0.0000        

Burn Rate 
Variance 

    0.8668     0.3267     0.7409     0.6778     0.0000     1.0000 

 

Color map of the correlation matrix of Completed Projects 

 

 

 

In the following list observations for the correlation of the attributes of the completed ICT 

projects from the Greek dataset are presented: 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Schedule and Schedule Variance is weakly negative correlated 

4. Schedule & Burn Rate Variance is weakly highly negative correlated 

5. Schedule Variance & Burn Rate Variance is highly negative correlated 
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Correlation coefficient (r) for Incomplete Projects 

 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.2000     0.8214     0.1071     0.4077    -0.1784 

Schedule 0.2000         1.0000    -0.3273     0.6547     0.0755    0.1091 

Burn Rate  0.8214     -0.3273     1.0000     -0.2143     0.2594    -0.0357 

Cost 
Variance 

0.1071     0.6547    -0.2143 1.0000  0.2224     0.5357 

Schedule 
Variance 

    0.4077     0.0755     0.2594     0.2224     1.0000          -0.4818        

Burn Rate 
Variance 

   -0.1786           0.1091 -0.0357 0.5357    -0.4818     1.0000 

 

P-value for Incomplete Projects 

 Budget Schedule Burn Rate Cost Variance Schedule 
Variance 

Burn Rate 
Variance 

Budget     1.0000     0.6698     0.0341     0.8397     0.3905     0.7131 

Schedule 0.6698         1.0000    0.4746     0.1254     0.8714     0.8159 

Burn Rate  0.0341     0.4746     1.0000     0.6615     0.5976     0.9635 

Cost 
Variance 

    0.8397     0.1254     0.6615     1.0000  0.6452     0.2357 

Schedule 
Variance 

0.3905     0.8714     0.5976     0.6452     1.0000           0.2952        

Burn Rate 
Variance 

    0.7131     0.8159     0.9735     0.2357     0.2952     1.0000 

 

Color map of the correlation matrix of Incomplete Projects 
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In the following list observations for the correlation of the attributes of the incomplete ICT 

projects from the Greek dataset are presented: 

1. Budget and Schedule is weakly correlated 

2. Budget and Burn Rate is highly correlated 

3. Budget and Schedule Variance is weakly correlated 

4. Schedule e & Burn Rate  is highly negative correlated 

5. Schedule and Cost Variance is weakly correlated 

6. Schedule Variance & Burn Rate Variance is highly negative correlated 

7. Burn Rate and Cost Variance is weakly negative correlated 

8. Burn Rate and Schedule Variance is weakly  correlated 

9. Cost Variance and Schedule Variance is weakly correlated 

10. Cost Variance is Burn Rate Variance is weakly correlated 

11. Schedule Variance and Burn Rate Variance is weakly negative correlated 

 

 

5.3.4 General Observations  

 

Based on the above measurements about the correlation coefficient and p values for each 

pair of attributes of the ICT projects it is concluded that different governmental ICT 

investments have similarities between correlations of their attributes. More specifically: 

 

1. Budget and Burn Rate is highly correlated in Dutch, IT federal and Greek ICT projects.  

2.  Burn Rate Variance is highly correlated with Cost Variance in Dutch and IT federal  

and highly correlated with Schedule Variance in Greek data. 

3. Budget and Schedule are not reacting the same in the normalization. 

4. Raw data and their variances are correlated. 

 

 

 

5.4 Factor analysis 

 

In this type of analysis as it is described in the previous chapter the measured variables 

depend on a smaller number of unobserved (latent) factors.  Each variable is assumed to 

depend on a linear combination of the common factors, and the coefficients are known as 

loadings. Factor loading is the means of interpreting the role each variable plays in defining 

each factor. Factor loadings are the correlation of each variable and the factor. Loadings 

indicate the degree of correspondence between the variable and the factor, with higher 

loadings making the variable representative of the factor. Each measured variable also 
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includes a component due to independent random variability, known as "specific variance" 

because it is specific to one variable. 

 

5.4.1 Dutch data 

In the first we assume one common factor for the attributes and we calculated the loadings 

as it is shown in the next table. We have to note that the Burn Rate Variance is missing from 

the table and the calculation due to the fact that this attribute makes the calculated matrix 

not positive defined.  

 

 Loadings specVar 

budget  0.9975  0.0050 

schedule  0.3725  0.8613 

burn rate  0.8413  0.2922 

CV  0.1175  0.9862 

SV  -0.0067  0.9999 

 

From the estimated loadings, we can see that the one common factor in this model puts 

large positive weight on the first and the third variables, budget and burn rate respectively. 

We can observe that the model indicates that measurement of the attributes in particular 

attributes such as schedule, cost variance or schedule variance varies quite a lot beyond the 

variation due to the common factor. 

Next, we use two common factors to explain the attributes. With more than one factor, we 

could rotate the estimated loadings to try and make their interpretation simpler, but for the 

moment, we use an unrotated solution. 

 

 

 
 

Loadings1 Loadings2 specVar 

budget 0.8775     0.4505 0.0270 

schedule -0.0003     0.8371 0.2993 

burn rate 0.9948    -0.0732 0.0050 

CV 0.2135    -0.1404 0.9347 

SV 0.1027    -0.2328 0.9352 

 

 

A plot of the variables, where each loading is a coordinate along the corresponding factor's 
axis, illustrates this interpretation graphically. 
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First of all the number 1-5 of the points are related to the attributes in the above table so 1 

corresponds to budget and 5 to Schedule Variance. We notice that estimated loadings that 

factor1 in this model puts large positive weight on the first and the third variables, budget 

and burn rate respectively. The factor 2 puts large positive weight only to the schedule. 

 

5.4.2 It federal data 

 

Following the same methodology for the IT federal data, we calculate the loadings for a test 

model with one factor. In this case all attributes are included. In the first we assume one 

common factor for the attributes and we calculated the loadings as it is shown in the next 

table.  

 Loadings specVar 

budget   -0.0139  0.9998 

schedule  -0.0085    0.9999 

burn rate   -0.0164    0.9997 

CV    0.9780    0.0435 

SV    0.0839    0.9930 

BRV     0.9975    0.0050 

 

Based on the estimated loadings, we can see that Cost Variance and Schedule Variance are 

the highly correlated with the factor.   
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In the next test we use two common factors to explain the attributes. The table and the plot 

show the loadings and the correlation of each variable with the factor. 

 

 Loadings1 Loadings2 specVar 

budget -0.1433 0.9872 0.0050 

schedule -0.0418 0.2536 0.9339 

burn rate -0.1099 0.7135 0.4788 

CV 0.9704 0.1223 0.0435 

SV 0.0789 0.0435 0.9919 

BRV 0.9890 0.1301 0.0050 

 

A plot of the variables, where each loading is a coordinate along the corresponding factor's 

axis, illustrates this interpretation graphically. 

 

The factor1 still puts large positive weight on the third and the fifth variable and the factor2 

identifies as highly correlated attributes the Budget and the Burn rate. 

In the following test it is added one more factor in the model. So we will investigate the 

correlation of these three factors with the attributes of the dataset.  
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 Loadings1 Loadings2 Loadings3 specVar 

budget     0.0063       0.9992    -0.0183 0.0050 

schedule    -0.0147       0.2488       0.1083   0.9212 

burn rate    -0.0035     0.7229      -0.0125   0.4788 

CV     0.9981      0.0062       -0.0684  0.0050 

SV    -0.0006      -0.0317         0.8594    0.2654 

BRV     0.9823       0.0006     0.0712   0.0243 

 

 

The result of this test proves that the Budget and Burn Rate as well their slippages are highly 

correlated respectively.  

 

5.4.3 Greek data 

 

In the first we assume one common factor for the attributes and we calculated the loadings 
as it is shown in the next table.  
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 Loadings specVar 

budget    0.9975     0.0050 

schedule    0.2489     0.9381 

burn rate    0.9267     0.1413 

CV    -0.0913     0.9917 

SV    -0.0745     0.9945   

BRV    -0.0449     0.9980 

 

Based on the estimated loadings, we can see that Budget and Burn Rate are highly 

correlated with the factor.   

In the next test we use two common factors to explain the attributes. The table and the plot 

show the loadings and the correlation of each variable with the factor. 

 Loadings1 Loadings2 specVar 

budget     0.7911    0.6077     0.0050 

schedule     0.3582   0.0577     0.8684 

burn rate     0.6473       0.6786     0.1205 

CV    -0.0815      -0.0447     0.9914 

SV    -0.6683     0.7405     0.0050 

BRV     0.4487     -0.6527     0.3726 

 

A plot of the variables, where each loading is a coordinate along the corresponding factor's 

axis, illustrates this interpretation graphically.
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We notice that factor1 puts large positive weight on the first and the third variables, budget 

and burn rate respectively. The factor 2 puts large positive weight to the schedule variance. 

In the following test it is added one more factor in the model. So we will investigate the 

correlation of these three factors with the attributes of the dataset.  

 

 Loadings1 Loadings2 Loadings3 specVar 

budget 0.9693     0.0288     0.1465     0.0050 

schedule     0.0012     -0.0804       0.9266     0.1781 

burn rate     0.9802       -0.0144       -0.1489     0.0496 

CV    -0.0882     0.3051     -0.0044     0.8955 

SV    -0.0427     -0.7681      -0.1463     0.3250 

BRV    -0.0044    1.0251   -0.1187     0.0050 

 

 

The result of this test proves that the Budget and Burn Rate are highly correlated 

respectively and BRV and schedule are independently from other attributes. 

 

5.4.4 General Observations   

 

Using the factor analysis we conclude about the dependence of the different attributes in 

terms of performance. We see a strong relation between Budget and Burn Rate as well as 
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Cost Variance and Burn Rate Variance. These results are more clearly for IT federal dataset 

which has a considerable size of samples. There is no possibility to extract the same results 

for Dutch and Greek because in the Dutch dataset using the BRV the calculated matrix 

cannot be used due to the lack of certain matrix properties. For the Greek data we conclude 

that Budget and Burn Rate are highly correlated. 
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Chapter 6  
Mining analysis 

 

In this chapter we introduce the state of the art data mining techniques so as to 

analyze the data and create a classification model for cost and schedule slippage. Mining 

analysis consists of a set of techniques that can be used to extract relevant and interesting 

knowledge from data. Data mining has several tasks such as association rule mining, 

classification and prediction, and clustering. Clustering methods are unsupervised learning 

techniques of grouping a set of objects in such a way that objects in the same group are 

more similar to each other than to those in other groups. Classification techniques are 

supervised learning techniques that classify data items into predefined class labels. It is one 

of the most useful techniques in data mining to build classification models from an input 

data set. The used classification techniques commonly build models that are used to predict 

future data trends. With classification, the generated model will be able to predict a class for 

given data depending on previously learned information from historical data. Association 

rule learning is a popular and well-researched method for discovering interesting relations 

between variables in large databases. It is intended to identify strong rules discovered in 

databases using different measures of interestingness.  

 

6.1 Clustering 

 

There are a lot of algorithms for finding groups of similar instances in a dataset. The most 
known clustering schemes are k-means, EM, Cobweb, X-means, FarthestFirst etc. For our 
clustering procedure we use the k-means algorithm. In data mining, k-means clustering is a 
method of cluster analysis which aims to partition n observations into k clusters in which 
each observation belongs to the cluster with the nearest mean.  Cluster centroids are the 
mean vectors for each cluster. More specifically each dimension value and the centroid 
represent the mean value for that dimension in the cluster. Thus, centroids can be used to 
characterize the clusters. The seed value is used in generating a random number, which is 
used for making the initial assignment of instances to clusters. Note that, in general, k-
means is quite sensitive to how clusters are initially assigned. Thus, it is often necessary to 
try different values and evaluate the results. We find that 50 is the optimal value of seed for 
clustering method in all datasets. 
 
The number of ICT projects is 57, 1545 and 25 after preprocessing for the Dutch, IT federal 
and Greek datasets respectively and there are 6 attributes —Budget, Schedule, Schedule 
Variance (SV), Cost Variance (CV), Burn Rate (BR) and Burn Rate Variance— for each 
instance. The attributes are chosen so as to be independent.  The datasets have been 
transformed in Weka’s formats as CSV (Comma Separated Values) and ARFF (Attribute-
Relation File Format).  
 
 

http://en.wikipedia.org/wiki/Data_mining
http://en.wikipedia.org/wiki/Cluster_analysis
http://en.wikipedia.org/wiki/Partition_of_a_set
http://en.wikipedia.org/wiki/Mean
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6.1.1 Clustering for Dutch data  

 
In the following tables there are the results of clustering with increasing number of clusters. 
We use from 2 to 5 clusters, and clustering is examined for different seed values. The 
centroid of each cluster constitutes the mean value of each attribute and the unit of each 
variable is millions of Euros in Dutch & Greek ICT projects and millions of dollars USA ICT 
projects for Budget , calendar days for schedule and thousands of Euros for Burn Rate. The 
variance of cost, schedule and burn rate is the rate of slippage from the initial estimations.  
 
2 clusters 

 Full Data   (57) Cluster 0 (34) Cluster 1 (23) 

Budget 40.62 27.86 59.48 

Schedule 1366 980 1935 

Cost Variance -0.1 0.062 -0.34 

Schedule Variance 0.37 0.51 0.17 

Burn Rate Variance -0.27 -0.20 -0.37 

Burn Rate 930.17 933.09 925.84 

 

3 clusters 

             Full Data   (57) Cluster 0 (12) Cluster 1 (5) Cluster 2 (40) 

Budget     40.62 30.42 147.46 30.32 

Schedule 1366 1284 1670 1352 

Cost Variance          -0.1 0.79 0.0728 -0.39 

Schedule Variance       0.37 0.47 0.3547 0.35 

Burn Rate Variance      -0.27 0.25 -0.0878 -0.45 

Burn Rate              930.17 807.64 2751.93 739.21 

 

4 clusters 

             Full Data   (57) Cluster 0 (10) Cluster 1 (5) Cluster 2 (23) Cluster 3(19) 

Budget   40.62 32.15 147.46 37.8804 20.28 

Schedule 1366 1185 1670 1836.6087 811.58 

Cost Variance          -0.1 0.94 0.07 -0.2765 -0.48 

Schedule Variance       0.37 0.55 0.35 0.1747 0.53 

Burn Rate Variance      -0.27 0.29 -0.08 -0.3209 -0.55 

Burn Rate              930.17 896.67 2751.93 630.71 830.90 

 

5 clusters 

             Full Data   (57) Cluster 0 (8) Cluster 
1(3) 

Cluster 2 
(20) 

Cluster 3 
(15) 

Cluster 4 
(11) 

Budget   40.62 32.80 194.9 41.52 13.24 39.93 

Schedule 1366 1196 2171 1918 976 798 

Cost Variance          -0.1 1.08 0.06 -0.34 -0.4 -0.16 

Schedule Variance       0.37 0.53 0.26 0.19 0.03 1.1 

Burn Rate Variance      -0.27 0.35 0.006 -0.39 -0.32 -0.51 

Burn Rate              930.17 949.26 2883.81 677.76 431.05 1523.03 
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6.1.2 Clustering for IT federal data  

 

In the same way we calculate the clusters using the k-means for IT federal dataset.  

 

2 clusters 

             Full Data   (1545) Cluster 0 (1515) Cluster 1 (30) 

Budget     12.71 12.93 1.1457 

Schedule 508 515 159 

Burn Rate          720.3 729.92 234.24 

Cost Variance       0.05 0.04 0.23 

Schedule Variance -0.07 -0.03 -1.89 

Burn Rate Variance      0.01 0.03 -0.53 

 

3 clusters 

             Full Data   (1545) Cluster 0 (1469) Cluster 1 (30) Cluster 2 (46) 

Budget     12.71     7.0032     1.15  202.36 

Schedule 508   435   158 3063 

Burn rate                     720.3   532.69   234.24 7028.56 

Cost Variance   0.05     0.04     0.23    -0.0408 

Schedule Variance       -0.07     -0.03     -1.9     0.01 

Burn Rate Variance      0.02     0.03    -0.54    -0.03 

 

4 clusters 

             Full Data   
(1545) 

Cluster 0 (72) Cluster 1 
(21) 

Cluster 2 (10) Cluster 3 
(1442) 

Budget   12.71 30.22 1.02 745.60 6.92 

Schedule 508 2490 120 2242 403 

Burn rate              720.3 368.87 229.59 30276.43 540.03 

Cost Variance          0.05 -0.01 0.23 -0.10 0.05 

Schedule Variance       -0.07 0.01 -2.26 0 -0.04 

Burn Rate Variance      0.01 0.01 -0.6 -0.10 0.02 

 

 

5 clusters 

             Full Data   
(1545) 

Cluster 0 
(26) 

Cluster 1 
(21) 

Cluster 2 
(7) 

Cluster 3 
(240) 

Cluster 4 
(1251) 

Budget   12.71 108.99 1.02 846.74 14.89 5.81 

Schedule 508 3940 120 1361 1106 323 

Cost Variance    720.30 885.70 229.59 41691.34 466.24 544.58 

Schedule Variance       0.05 -0.01 0.23 -0.15 -0.03 0.06 

Burn Rate Variance      -0.07 0.01 -2.26 0 -0.0064 -0.04 

Burn Rate              0.01 -0.01 -0.60 -0.15 -0.02 0.03 
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6.1.3 Clustering for Greek data  

 

In the following tables there are the results of cluster increasing each time the number of 

clusters for the Greek ICT projects. 

 

2 clusters 

             Full Data   (25) Cluster 0 (8) Cluster 1 (17) 

Budget     5.65 6.06 5.46 

Schedule 885 759 944 

Cost Variance          0.64 -0.16 -0.02 

Schedule Variance       0.51 1.38 0.09 

Burn Rate Variance      -0.25 -0.59 -0.1 

Burn Rate              197.02 258.44 168.12 

 

3 clusters 

 

             Full Data   (25) Cluster 0 (7) Cluster 1 (9) Cluster 2 (9) 

Budget     5.65 6.86 1.03 9.33 

Schedule 885 831 571 1240 

Burn rate                     197.02 286.92 59.77 264.36 

Cost Variance   -0.06 -0.18 -0.07 0.03 

Schedule Variance       0.51 1.46 0.12 0.16 

Burn Rate Variance      -0.26 -0.61 -0.13 -0.10 

4 clusters 

 

             Full Data   (25) Cluster 0 (6) Cluster 1 (5) Cluster 2 (10) Cluster 3 (4) 

Budget   5.65 3.67 1.32 3.26 20.015 

Schedule 885 850 375 1081 1084 

Burn rate              197.02 151.17 89.10 95.07 655.59 

Cost Variance          -0.06 -0.21 -0.05 0.002 -0.03 

Schedule Variance       0.51 1.52 0.23 0.08 0.39 

Burn Rate Variance      -0.26 -0.62 -0.19 -0.07 -0.25 

5 clusters 

 

 Full Data   (25) Cluster 0 (4) Cluster 1 
(5) 

Cluster 2 
(9) 

Cluster 3 (3) Cluster 4 
(4) 

Budget 5.65 4.32 1.32 3.07 21.17 6.55 

Schedule 885 549 375 1030 845 1560 

Burn Rate 197.02 202.01 89.10 94.71 780.59 119.46 

Cost Variance -0.06 
 

-0.28 -0.05 0.01 -0.11 0.03 

Schedule Variance 0.51 
 

1.78 0.23 0.03 0.32 0.79 

Burn Rate Variance -0.26 
 

-0.67 -0.19 -0.03 -0.21 -0.45 
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6.1.4 Visualization of clustering 

 

In this session we present a visualization of the clustering for 2 and 3 clusters on two axes 

for all datasets. In the Appendix there are the figures for 4 and 5 clusters. We present the 

different clusters on different axes which constitute only raw data of the ICT projects.  

  

Budget vs Schedule 
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For each dataset thresholds in initial budget seem to be the border lines between the 

different clusters. Visually, this is seen by the fact that the clusters are horizontal bands and 

their centroids take distinct positions on the vertical axis. The only exception is for 3 clusters 

in the Dutch dataset where the groups are also separated with a threshold of 1500 days in 

schedule. In other words if we assume that the clustering of these instances depicts the 

performance of ICT projects with an unsupervised method we can easily observe that the 

initial cost is the main factor for high risk projects and not the schedule. 
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Burn Rate vs. Schedule 
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Visualizing the clustering with burn rate and schedule in the axis we can observe that for 

Dutch and Greek dataset the burn rate acts in the same way as budget in terms on 

performance. In the IT federal dataset, instances are grouped together based on the 

distance of the origin of the figure. In other words instances with high burn rate are in the 

same group with instances with high schedule. This means that the high risk projects can be 

built fast but with high burn rates and strict schedule and low performance ICT projects can 

be built slowly but with high extension of the schedule.   

 

 

 Budget vs. Burn Rate 
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In general if the initial budget is large there are two cases. In the first case we need a fast 

completion of an ICT project so thus the monthly funding (burn rate) is increasing due to the 

number of employees that work in the project so as to achieve the initial goals. The second 

case is that the schedule of the ICT project is realistic and the level of the burn rate is high 

due to the nature of the project. We can easily understand that the first case can cause 

reduction in the performance and ICT projects in this category can cause high risks.  The 

second case is safer independently from the high burn rate. In above figures we can observe 

that the Dutch ICT projects are separated in 2 clusters one with low burn rate and budget 

which constitutes more stable projects in terms of risk and second with higher burn rate 

independently from the budget. Also clustering the Dutch ICT instances with 3 clusters we 

observe a team of projects where the increase of budget causes increase of the burn rate, 

another group which ICT projects need more monthly funding and in comparison with 

projects in the same budget scale they will be completed earlier and a third group with low 

budget and burn rate. In IT federal dataset the clustering is related only with the initial 

budget and the size of burn rate seems not to influence the performance and thus the 

complexity of an ICT projects may occur high risks. The clustering of Greek ICT projects   

follows the simple rule of creation of groups based on the low, medium and high values of 

the pairs of budget and burn rate. 
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6.1.5 Additional tests in clustering 

 

We also implement some additional tests in this analysis which are included in the Appendix 

and more specifically: 

1. Testing our datasets with more clusters or different values of seed. 

2.  Discovering the extreme values based on interquartile range, removing these 

values from the dataset and applying clustering. 

3. Using the second approach and normalize the data. Normalization is used in order 

to put all the negative values to zero and thus only projects with variances in cost, 

budget or burn rate can be distinguished from others. 

 
The additional tests shows that with more clusters the interpretation of the clusters by 
human experts are more difficult. The different value of seed does not affect the final 
centroids however in many cases more runs of the algorithms are need.  Removing the 
extreme values the clusters have low density because the k-means algorithm is not tolerant 
in outliers. Last but not least the normalization gathers the most of the data point in the x-
axis as well the final centroids.  
 
 

6.1.6 General observations on clustering 

 

Based on the above clustering approach we can conclude the following observations: 

1. It seems that in every case the number of the clusters that can split better the data 

is 2 or 3 clusters. Increasing the number of clusters to 4 or 5 we can notice that the 

new clusters are close to the previous or clusters are created as unique instances or 

with few instances inside them. 

2. The attributes CV, SV, BRV have most of their values at 0, which firstly seems to be 

artificial because in reality in most of the development processes it appears a 

slippage of some days or weeks that it is not unwanted but surely it does not 

happen in these data. So the distribution of the data of variances is gathered in zero 

value and thus the clusters, that are created based on the Euclidian distance of pairs 

of measurements, are near or up to x-axis.   

3. Removing outliers, normalizing and implementing clustering with 2 clusters we can 

notice that the Dutch ICT projects that have large cost variance are grouped to one 

cluster. Also ICT projects that have large schedule variance are grouped to one 

cluster as it is shown in schedule variance-budget figure. 

4. The k-means can be used for outlier detection and also for preprocessing stage 

before classification evaluating clustered instances to the pre-assigned label of level 

of success (LS). 

5. The number of instances has significant role to the improvement of the results of 

the algorithm.     
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6. If we assume that the clustering of these instances depicts the performance of ICT 

projects with an unsupervised method we can easily observe that the initial cost is 

the factor which separates the high risk projects and not the schedule. 

7. The burn rate attribute of ICT projects acts in the same way as budget in terms on 

performance that for Dutch and Greek dataset. 

8. The IT federal high risk projects can be built fast but with high burn rates and strict 

schedule and low risk ICT projects can be built slowly but with high extension of the 

schedule.   

9. Clustering with 2 groups, the Dutch ICT projects are separated in one low risk group 

and in second with higher burn rate independently from the budget. Clustering with 

3 clusters, a group of projects where the increase of budget causes increase of the 

burn rate, another group which ICT projects need more monthly funding and in 

comparison with projects in the same budget scale and a third group with low 

budget and burn rate.  

10. In IT federal dataset the clustering is related only with the initial budget and the size 

of burn rate seems not to influence the performance and thus the complexity of an 

ICT projects may occur high risks. 

11.  In Greek ICT projects the creation of groups is based on the low, medium and high 

values of the pairs of budget and burn rate. 

 

 

6.2 Classification 

 

Classification is the problem of identifying to which of a set of categories (sub-populations) a 

new observation belongs, on the basis of a training set of data containing observations (or 

instances) whose category membership is known. More specifically the data are separated in 

two subsets: one for the training and one for the testing. The train subset is the one with the 

pre-labeled instances to one category. For the classification the number of data points is 57 

and 1545 after removing of missing values for Dutch and IT federal and respectively and 

there are 5 attributes Budget, Schedule, Burn Rate (BR, Schedule Variance (SV), and Cost 

Variance (CV) for each instance. In this analysis the Greek dataset has not been used 

because of the limited data (only 25 ICT projects). The attributes are chosen so as to be 

independent. In order to create the training and testing set we use 10 fold cross validation 

approach. In other words the sample of instances is divided randomly into 10 subsamples 

and thus 9 subsamples are used as training data and one sub-sample as test data repeating 

this procedure for 10 times. The attributes are chosen so as to be independent. The scope of 

the classification is after training classifiers to check if there is possibility to predict cost 

slippage for a set of test instances, in other words to declare in one labeled category the 

attribute cost variance. Firstly the attribute CV (Cost Variance) has to be transformed to 

categorical scale as it is shown in the following table. 

 

 

http://en.wikipedia.org/wiki/Categorical_data
http://en.wikipedia.org/wiki/Training_set
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 # instances Dutch 
dataset  

# instances IT 
federal  

Cost Variance   

No Slippage 39 1245 

0-20% 8 214 

>20% 10 86 

 

6.2.1 Classification for Dutch dataset 

 

The following tables show the number of correctly classified instances as well the number of 

incorrectly classified instances for 8 different classifiers using as training dataset the Dutch 

ICT projects.       

 

 

 Correctly 

Classified 

Instances   

Incorrectly 

Classified 

Instances         

Naive Bayes Classifier  64.9 % 35.1 % 

Multilayer Perceptron 66.7 % 33.3% 

RotationForest 64.9 % 35.1 % 

Ridor 66.7 %  33.3 % 

PART 68.4 % 31.6 % 

J48-graft 61.4 % 38.6% 

IBK 57.9 % 42.1 % 

 

 

6.2.2 Classification for IT federal dataset 

 

The following tables show the number of correctly classified instances as well the number of 

incorrectly classified instances for 8 different classifiers using as training dataset the IT 

federal ICT projects.       

 

 Correctly 

Classified 

Instances   

Incorrectly 

Classified 

Instances         

Naive Bayes Classifier  21.3592 % 78.6408 % 

Multilayer Perceptron 80.5178 % 19.4822 % 
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RotationForest 80.5825 % 19.4175 % 

Ridor 78.3172 % 21.6828 % 

PART 80.2589 % 19.7411 % 

J48-graft 80.2589 %   19.7411 % 

IBK 67.2492 % 32.7508 % 

 

6.2.3 Additional tests in classification 

 

We also implement some additional tests in this analysis which are included in the Appendix 

and more specifically: 

1. Testing classification results with 2 categories of the class attribute Cost Variance. 

2. Using only the raw data as for training the classifiers and checking the 

classification error.  

3. Removing the extreme values from the dataset as a preprocessing method. 

4. Classifying the spillage of Schedule Variance (SV).  

The results of the classification with the additional testing for 2 categories are more efficient 

according to the precision and recall. Removing the spillages and training only with the raw 

data the accuracy is reducing. The results of the accuracy and recall using the same 

classification methods for schedule variance are worse   in comparison to prediction of cost 

variance.  

 

6.2.4 General observations on classification 

 

Based on the above classification approach we can conclude the following observations: 

1. We can observe that related to the rate of correctly classified instances the most 

appropriate classifier is the PART with 68.4 % in the Dutch dataset. 

2. Most classifiers are unable to assign a test instance to class 0-20% slippage. 

3. For IT federal dataset most classifiers are inappropriate for classifying due to the fact 

that they put all test instances in one category. 

4. The classifier that seems to have better performance is the IBK with 67.2% rate of 

correctly classified instances. 

 



103 
 

 

6.3 Association Rules 

 

In this session we use association rules methods and more specifically Apriori algorithm 

which can extract rules from subsets. The algorithm works only with discrete data and will 

identify statistical dependencies between groups of attributes. Apriori can compute all rules 

that have a given minimum support and exceed a given confidence. In order to use Apriori 

algorithm we have to discretize the attributes of the dataset.  

We implement some test for discretization based on the distribution of the data so as to 

choose the thresholds for each attribute.   

Association rule for the Dutch data 

 

In the following table is shows the attributes which are used for the Apriori algorithm as well 

the discretization respectively. The thresholds are derived from the distribution of the 

attributes of an ICT project. 

For instance a certain rule for Dutch ICT projects is the following: 

  

Budget=0 Burn_Rate=0 20 ==> Schedule=0 20    conf:(1) 

The rule can be interpreted as ICT projects with less than 20M Euros budget and monthly 

funding less than 500K Euros they have schedule less than 3 years for all cases. 

    

Attributes Scale 
Budget Less than 20M =0 

20M -50M = 1 
More than 50M =2 
 

Schedule Less than 3 year =0  
3 to 5 years = 1 
More than 5 years= 2 
 

Burn Rate Less than 500K =0 
500K-1000K =1 
1000K-1500K=2 
More than 1500K =3 
 

Cost Variance 
 
 

Under budget =0 
over budget until 20% =1 
over budget up 20% =2 
 

Schedule Variance 
 
 

On time =0 
over schedule until 20% =1 
over schedule 20-40% =2 
over schedule until up 40% =3 
 

Burn Rate Variance 
 
 

Under monthly funding =0 
over monthly funding until 20% =1 
over monthly funding  until 40% =2 
 

 

conf:(1)
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Best rules found  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Association rules IT federal data 

 

 

 

Attributes Scale 
Budget Less than 1M =0 

1M -10M = 1 
More than 10M =2 
 

Schedule Less than 1 year =0  
1 to 3 years = 1 
More than 3 years= 2 
 

Cost Variance 
 
 

Under budget =0 
over budget until 10% =1 
over budget up 10% =2 
 

Schedule Variance 
 
 

On time =0 
over schedule 0-10% =1 
over schedule until up 10% =2 
 

 1. Schedule=0 24 ==> Budget=0 24    conf:(1) 

 2. Budget=0 24 ==> Schedule=0 24    conf:(1) 

 3. Schedule=0 Burn_Rate=0 20 ==> Budget=0 20    conf:(1) 

 4. Budget=0 Burn_Rate=0 20 ==> Schedule=0 20    conf:(1) 

 5. Schedule=1 19 ==> Budget=119    conf:(1) 

 6. Budget=119 ==> Schedule=1 19    conf:(1) 

 7. Schedule=0 Cost_Variance=0 19 ==> Budget=0 19    conf:(1) 

 8. Budget=0 Cost_Variance=0 19 ==> Schedule=0 19    conf:(1) 

 9. Schedule=0 BR_Variance=0 19 ==> Budget=0 19    conf:(1) 

10. Budget=0 BR_Variance=0 19 ==> Schedule=0 19    conf:(1) 

11. Schedule_Variance=0 BR_Variance=0 19 ==> Cost_Variance=0 19    conf:(1) 

12. Burn_Rate=0 BR_Variance=0 18 ==> Cost_Variance=0 18    conf:(1) 

13. Schedule=0 Cost_Variance=0 BR_Variance=0 18 ==> Budget=0 18    conf:(1) 

14. Budget=0 Cost_Variance=0 BR_Variance=0 18 ==> Schedule=0 18    conf:(1) 

15. Schedule=1 BR_Variance=0 17 ==> Budget=1 17    conf:(1) 

16. Budget=1BR_Variance=0 17 ==> Schedule=1 17    conf:(1) 

17. Cost_Variance=0 39 ==> BR_Variance=0 38    conf:(0.97) 

18. Cost_Variance=0 Schedule_Variance=0 20 ==> BR_Variance=0 19    conf:(0.95) 

19. Budget=0 BR_Variance=0 19 ==> Cost_Variance=0 18    conf:(0.95) 

20. Budget=0 Cost_Variance=0 19 ==> BR_Variance=0 18    conf:(0.95) 

21. Schedule=0 BR_Variance=0 19 ==> Cost_Variance=0 18    conf:(0.95) 

22. Schedule=0 Cost_Variance=0 19 ==> BR_Variance=0 18    conf:(0.95) 

23. Cost_Variance=0 Burn_Rate=0 19 ==> BR_Variance=0 18    conf:(0.95) 

24. Budget=0 Schedule=0 BR_Variance=0 19 ==> Cost_Variance=0 18    conf:(0.95) 

25. Budget=0 Schedule=0 Cost_Variance=0 19 ==> BR_Variance=0 18    conf:(0.95) 

26. Schedule=0 BR_Variance=0 19 ==> 0 Cost_Variance=0 18    conf:(0.95) 

27. Schedule=0 Cost_Variance=0 19 ==> 0 BR_Variance=0 18    conf:(0.95) 

28. Budget=0 BR_Variance=0 19 ==> Schedule=0 Cost_Variance=0 18    conf:(0.95) 

29. Budget=0 Cost_Variance=0 19 ==> Schedule=0 BR_Variance=0 18    conf:(0.95) 

30. Schedule_Variance=0 22 ==> Cost_Variance=0 20    conf:(0.91) 

 

conf:(0.95)


105 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Association rules for Greek data 

We implement some test for discretization based on the distribution of the data so as to 

choose the thresholds for each attribute.  The attributes for this procedure are Budget, 

Schedule, Burn Rate, Opinion of the performance and Class. 

Attributes Scale 
Budget Less than 1M =0 

1M -5M = 1 
More than 5M =2 
 

Schedule Less than 1 year =0  
1 to 3 years = 1 
More than 3 years= 2 
 

Burn Rate Less than 50K =0 
50K-100K =1 
100K-250K=2 
More than 250K =3 
 

Weighted score 
 
 

low(less than 8)=0  
medium(8-11)=1 
 high(more than 12)=2 
 

Level of success 
 
 

low=0 
 medium=1 
 high=2 

1. Budget=2 Schedule=1 172 ==> Schedule_Variance=0 167    conf:(0.97) 

 2. Budget=2 235 ==> Schedule_Variance=0 226    conf:(0.96) 

 3. Budget=2 Cost_Variance=0 192 ==> Schedule_Variance=0 183    conf:(0.95) 

 4. Cost_Variance=1 180 ==> Schedule_Variance=0 171    conf:(0.95) 

 5. Budget=0 Schedule=1 275 ==> Schedule_Variance=0 259    conf:(0.94) 

 6. Schedule=1 Cost_Variance=0 693 ==> Schedule_Variance=0 651    conf:(0.94) 

 7. Schedule=1 872 ==> Schedule_Variance=0 819    conf:(0.94) 

 8. Budget=0 Schedule=1 Cost_Variance=0 223 ==> Schedule_Variance=0 209    conf:(0.94) 

 9. Budget=1 Schedule=1 Cost_Variance=0 330 ==> Schedule_Variance=0 307    conf:(0.93) 

10. Budget=1 Schedule=0 170 ==> Schedule_Variance=0 158    conf:(0.93) 

11. Budget=1 Schedule=1 425 ==> Schedule_Variance=0 393    conf:(0.92) 

12. Budget=1 645 ==> Schedule_Variance=0 593    conf:(0.92) 

13. Budget=1 Cost_Variance=0 505 ==> Schedule_Variance=0 464    conf:(0.92) 

14. Cost_Variance=0 1245 ==> Schedule_Variance=0 1142    conf:(0.92) 

15. Budget=0 665 ==> Schedule_Variance=0 602    conf:(0.91) 

16. Budget=0 Cost_Variance=0 548 ==> Schedule_Variance=0 495    conf:(0.9) 

17. Schedule=0 548 ==> Schedule_Variance=0 494    conf:(0.9) 

18. Schedule=0 Cost_Variance=0 449 ==> Schedule_Variance=0 403    conf:(0.9) 

19. Budget=0 Schedule=0 Cost_Variance=0 293 ==> Schedule_Variance=0 260    conf:(0.89) 

20. Budget=0 Schedule=0 358 ==> Schedule_Variance=0 317    conf:(0.89) 

21. Budget=0 665 ==> Cost_Variance=0 548    conf:(0.82) 

22. Budget=0 Schedule_Variance=0 602 ==> Cost_Variance=0 495    conf:(0.82) 

23. Budget=0 Schedule=0 Schedule_Variance=0 317 ==> Cost_Variance=0 260    conf:(0.82) 

24. Schedule=0 548 ==> Cost_Variance=0 449    conf:(0.82) 

25. Budget=0 Schedule=0 358 ==> Cost_Variance=0 293    conf:(0.82) 

26. Budget=2 235 ==> Cost_Variance=0 192    conf:(0.82) 

27. Schedule=0 Schedule_Variance=0 494 ==> Cost_Variance=0 403    conf:(0.82) 

28. Budget=0 Schedule=1 275 ==> Cost_Variance=0 223    conf:(0.81) 

29. Budget=2 Schedule_Variance=0 226 ==> Cost_Variance=0 183    conf:(0.81) 

30. Budget=0 Schedule=1 Schedule_Variance=0 259 ==> Cost_Variance=0 209    conf:(0.81) 
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Best rules found related with raw data 

 

 

 

  

  

  

  

   

  

 

 

 

 

 

Best rules found related with project performance 

 

 

 

 

 

 

 

 

 

 Schedule=1 q7=1 5 ==> q2=2 5    conf:(1) 

 Schedule=1 q7=1 5 ==> Level_success=0 5    conf:(1) 

 Schedule=2 q3=2 5 ==> q4=2 5    conf:(1) 

 Schedule=1 q7=1 Level_success=0 5 ==> q2=2 5    conf:(1) 

Schedule=1 q2=2 Level_success=0 5 ==> q7=1 5    conf:(1) 

Schedule=1 q2=2 q7=1 5 ==> Level_success=0 5    conf:(1) 

 

Budget=1 q4=2 6 ==> q1=2 6    conf:(1) 

 Budget=1 q3=2 6 ==> q2=2 6    conf:(1) 

 Budget=1 q4=2 6 ==> q2=2 6    conf:(1) 

 Budget=1 q6=2 6 ==> q2=2 6    conf:(1) 

 Budget=1 q2=2 q4=2 6 ==> q1=2 6    conf:(1) 

 Budget=1 q1=2 q4=2 6 ==> q2=2 6    conf:(1) 

 Budget=1 q1=2 q2=2 6 ==> q4=2 6    conf:(1) 

 Budget=1 q4=2 6 ==> q1=2 q2=2 6    conf:(1) 

 Budget=2 q1=2 5 ==> Schedule=1 5    conf:(1) 

Budget=2 q4=1 5 ==> Schedule=1 5    conf:(1) 

Budget=1 q1=2 q3=2 5 ==> q2=2 5    conf:(1) 

Budget=1 q1=2 q6=2 5 ==> q2=2 5    conf:(1) 

 Budget=1 q3=2 q4=2 5 ==> q1=2 5    conf:(1) 

 Budget=1 q1=2 q3=2 5 ==> q4=2 5    conf:(1) 

Budget=1 q4=2 q6=2 5 ==> q1=2 5    conf:(1) 

Budget=1 q1=2 q6=2 5 ==> q4=2 5    conf:(1) 

 Budget=1 q3=2 q4=2 5 ==> q2=2 5    conf:(1) 

 Budget=1 q3=2 q6=2 5 ==> q2=2 5    conf:(1) 

 Budget=1 q4=2 q6=2 5 ==> q2=2 5    conf:(1) 

Budget=1 q5=2 q6=2 5 ==> q2=2 5    conf:(1) 

 Budget=1 q2=2 q5=2 5 ==> q6=2 5    conf:(1) 

 

 

 

BR=3 6 ==> Budget=2 6    conf:(1) 

BR=1 q2=2 5 ==> Budget=1 5    conf:(1) 

Budget=1 BR=1 5 ==> q2=2 5    conf:(1) 

 

 

q6=1 Level_success=2 7 ==> q1=2 7    conf:(1).  

q4=1 Level_success=2 6 ==> q1=2 6    conf:(1) 

 q3=2 Level_success=0 6 ==> q2=2 6    conf:(1) 

 q4=1 Level_success=2 6 ==> q6=1 6    conf:(1) 

 q4=1 q6=1 Level_success=2 6 ==> q1=2 6    conf:(1) 

 q1=2 q4=1 Level_success=2 6 ==> q6=1 6    conf:(1) 

 q4=1 Level_success=2 6 ==> q1=2 q6=1 6    conf:(1) 

 q7=1 Level_success=0 5 ==> Schedule=1 5    conf:(1) 

 Schedule=1 q7=1 5 ==> Level_success=0 5    conf:(1) 

q4=2 Level_success=0 5 ==> q2=2 5    conf:(1) 

 q7=1 Level_success=0 5 ==> q2=2 5    conf:(1) 

 q2=2 q7=1 Level_success=0 5 ==> Schedule=1 5    

conf:(1) 

 Schedule=1 q7=1 Level_success=0 5 ==> q2=2 5    

conf:(1) 

 Schedule=1 q2=2 Level_success=0 5 ==> q7=1 5    

conf:(1) 

 Schedule=1 q2=2 q7=1 5 ==> Level_success=0 5    

conf:(1) 

 q7=1 Level_success=0 5 ==> Schedule=1 q2=2 5    

conf:(1) 

 

 

 

 

q3=1 weighted_score=0 6 ==> q4=1 6    conf:(1) 

weighted_score=2 5 ==> q1=2 5    conf:(1) 

weighted_score=2 5 ==> q2=2 5    conf:(1) 

weighted_score=2 5 ==> q2=2 5     

weighted_score=2 5 ==> q4=2 5    conf:(1) 

 weighted_score=2 5 ==> q5=2 5    conf:(1) 

weighted_score=2 5 ==> q6=2 5    conf:(1) 

 q2=2 weighted_score=2 5 ==> q1=2 5    conf:(1) q1=2 

weighted_score=2 5 ==> q2=2 5    conf:(1) 

weighted_score=2 5 ==> q1=2 q2=2 5    conf:(1) 

q4=2 weighted_score=2 5 ==> q1=2 5    conf:(1) 

 q1=2 weighted_score=2 5 ==> q4=2 5    conf:(1) 

weighted_score=2 5 ==> q1=2 q4=2 5    conf:(1) 

 q5=2 weighted_score=2 5 ==> q1=2 5    conf:(1) 

 q1=2 weighted_score=2 5 ==> q5=2 5    conf:(1) 

weighted_score=2 5 ==> q1=2 q5=2 5    conf:(1) 

q6=2 weighted_score=2 5 ==> q1=2 5    conf:(1) 

q1=2 weighted_score=2 5 ==> q6=2 5    conf:(1) 

weighted_score=2 5 ==> q1=2 q6=2 5    conf:(1) 

 q3=2 weighted_score=0 5 ==> q2=2 5    conf:(1) 

 q4=2 weighted_score=2 5 ==> q2=2 5    conf:(1) 

 q2=2 weighted_score=2 5 ==> q4=2 5    conf:(1) 

weighted_score=2 5 ==> q2=2 q4=2 5    conf:(1) 

 q4=2 Level_success=0 5 ==> q2=2 5    conf:(1) 

 q5=2 weighted_score=2 5 ==> q2=2 5    conf:(1) 

 q2=2 weighted_score=2 5 ==> q5=2 5    conf:(1) 

 

 

conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
conf:(1)
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6.4 Classification Model 

 

The goal of this section is to describe how a classification model for predicting cost slippage 

can be constructed using data mining techniques. The model that we propose takes a limited 

number of project parameters as input (such as initial budget and schedule) and classifies a 

project into one out of three slippage categories (normal, medium, large). During project 

execution, this classification can be used to determine which projects require management 

attention or action. The next figure shows an overview of our approach. The first part of the 

figure shows the various data preparation steps that transform the raw data sets into a 

processed data set that can be used for training and testing the classification model. The 

second part of the figure shows the classification model that consists of multiple elementary 

classifiers that are combined using a voting mechanism. 
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Data collection 

 

 The first step on every data mining procedure is the data collection process. In 

chapter data collection there is a complete description of this procedure. In this case we 

examine the ways to collect governmental ICT investments from USA and Dutch one.  

 

 

Removal of incomplete data points  

 

 The next stage in the data preparation is the finding of the missing values. There are a lot 
of techniques to handle missing values such as replacing with a global constant, the attribute 
mean or the most probable value to fill in the missing value. We prefer to remove the 
instances with missing values from the dataset. In the Dutch dataset there are some missing 
values and more specifically there is no information about budget for 2 projects.  More 
specifically there is no value for the initial, current and actual cost for these projects. So the 
number of projects for the analysis is 57. In the dataset that is extracted from the IT federal 
dashboard the raw data are 2468 projects. The number of the instances with missing values 
in the dataset is 921 instances. The missing are at most in the field of Planned Completion 
Date and Projected/Actual Date and thus it is impossible to calculate the duration in 
workdays of a project or the burn rate metric. In addition the value of duration of the 
project is for two instances is 0. This happened because in these projects the start and the 
completion date is the same. So we preferred to remove these instances from the dataset. 
Cleaning our dataset from these instances the final dataset for our analysis has now 1545 ICT 
projects. 

 
Removal of attributes based on correlation 

 
The attributes that are collected in the dataset are examined for potential dependence. 

The dependent attributes will be removed from the dataset. A correlation analysis is used in 
order to identify this dependant attributes. We use Spearman’s correlation which is 
calculated via Pearson’s correlation on the ranked values of this data. The results of the 
correlation are presented in the next table. The correlation coefficient lies between +1 and -
1. The + or – sign denotes the direction of the correlation. The positive sign denotes direct 
correlation whereas the negative sign denotes inverse correlation. Zero signifies no 
correlation. And the closer the number moves towards 1, the stronger the correlation is. 
Usually for the correlation to be considered significant, the correlation must be 0.5 or above 
in either direction. In the next table the P-value is the probability, when the null hypothesis 
is true, that the absolute value of the T-statistic would equal or exceed the observed value 
(T-value). A small P-value is evidence that the null hypothesis is false and the attributes are, 
in fact, correlated. It is examined the correlation between the different attributes of the ICT 
projects in order to test if the increase of the decrease of one attribute influences the values 
of other attributes.  
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Budget r= 1 p= 1  
r=  1 p= 1         

r=  0.42  
p= 0.00  
 r=  0.43  
p= 1               

r=  0.83     
p= 0.0  
r=  0.9 
p= 0.00 

r=  0.24 
p=  0.07  
r=  -0.03    
p=  0.27      

r=  0.19     
p= 0.15  
r=  0.05     
p= 0.05       

r=  0.24  
p= 0.07   
r=  0.01     
p= 0.80 

Schedule  r= 1 p= 1  
r=  1 p= 1         

r=  -0.09    
p= 0.51   
r=  0.07   
p= 0.01         

 r=  0.1    
p= 0.48   
r=  -0.02    
p= 0.49       

 r=  -0.1     
p= 0.5  
 r=  0.01     
p= 0    

 r=  0.1  
p= 0.48   
r=  0.07    
p= 0.01 

Burn Rate     r= 1 p= 1  
r=  1 p= 1         

 r=  0.14     
p= 0.3   
r=  -0.02     
p= 0.37         

r=  0.28    p= 
0.04   
r=  -0.01     
p= 0.86      

 r=  0.14  
p= 0.3  
r=  -0.03  
p= 0.31 

Cost 
Variance 

   r= 1 p= 1  
r=  1 p= 1         

 r=  0.41     
p= 0.01   
r=  -0.07     
p= 0.01         

r=  1  
p= 0   
r=  0.74  
p= 0.0000 

Schedule 
Variance 

    r= 1 p= 1  
r=  1 p= 1         

r=  0.41  
p= 0.01 
r=  0.47  
p= 0.00 

Burn Rate 
Variance 

     r= 1 p= 1  
r=  1 p= 1         

 

 

For example the burn rate is highly correlated with budget for Dutch ICT projects (r= 0.82, p= 

0)   and USA ICT projects (r= 0.91, p= 0) so it is removed during this phase. 
 

Removal of extreme and borderline data points through clustering  

 

 The first stage of the data mining approach is the creation of dataset as it is 

described in the data collection chapter. The dataset is expanded with the additional 

indicators. The attributes of the each ICT project are budget, schedule, burn rate and 

schedule variance and the cost variance which constitutes the class of the instances. The 

next stage is the preprocessing which extreme values in the dataset are identified in order to 

be removed. More specifically: 

 Discovering the outliers and the extreme values based on interquartile range (IQR) 
and removing these values from the dataset and applying clustering 

 Increasing the number of clusters so as to find clusters with unique instances as a 
cluster. 

 

Furthermore the instances of the dataset are clustered and the data points are evaluated 

with a pre-assigned label which is called Level of Success (LS). The Level of success of each 

instance is calculated based on the criteria of the next table. 

 

Cost & Schedule Variance Rating Level of success (LS) 

≥ 40%   action required 

≥ 20% and < 40%   attention required 

< 20%   Normal 
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After clustering procedure the correctly clustered instances remain in the dataset and the 

incorrectly are removed. In this way the dataset is compressed with the instances that 

probably improve the procedure of classification. For the clustering procedure we use the k-

means algorithm which is a multi-variable analysis data clustering method that aggregates 

similar data and identifies discrepancies between clustered categories. After the number of 

clusters been set, each cluster center iterated toward the fittest location by Euclidean 

distance measurement. The number of clusters was chosen as 3 to represent the level of 

success. Evaluating the clustering instances with the pre-assigned label which is the class of 

each instance it is examined the correlation between cluster and class and also the number 

of incorrectly clustered instances. The incorrectly clustered instances are removed from the 

initial dataset. In this way the dataset is compressed to the instances that can be clustered 

to groups which include ICT projects with specific performance and probably could influence 

the performance of the classification.  

 

Removal of attributes through frequent item set analysis   

The next step is the discovery of the frequent item set using Apriori algorithm. The 

Apriori algorithm has the ability to extract the frequent subset based on “support”. If 

support of itemset X, support(X) >=minsup, then X is a frequent itemset. Otherwise, X is not 

a frequent itemset. We extract the frequent itemset with minsup=0.8. However a 

preprocessing stage should be done in order to declare the range of a rule occurs using 

thresholds derived from the data themselves. From the frequent subsets which are 

produced we focused to them that cover all the range of the attributes. The concept is 

removing one of these attributes which is correlated with the others in the subset in order 

to keep the features which are independent. From the frequent subsets which are produced 

we focused to them that cover all the range of the attributes. The concept is removing one 

of these attributes which is correlated with the others in the subset in order to keep the 

features which are independent. All possible combinations are created and the dataset is 

separated into a training set and a test set. The training set is used for the training of 

different classifiers.  

 

Training & testing classifiers using voting 

Using different train set a number of classifiers are trained. We use a voting approach 

method so as the categorization each test instance and the categorization is attributed by 

the result of all classifiers. It is used parallel combining of classifiers computed for different 

feature sets. It is important to make the outputs of the classifiers comparable.  

The classifiers from Weka are used with their default settings, and are selected based on 
their accuracy on a 10-fold cross validation process.  
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The ensemble process is described by the following steps: 
1. Train classifiers using the training set. Assign voting of each class based on precision 

of the class along with accuracy of the classifiers. 

2. Feed the testing set to the classifiers. Store the results for each classifier separately. 

3. Using the precision and accuracy of each classifier on each class type, assign weights. 

Then multiply the votes of each classifier by its weights, and sum up the obtained 

values for all the classifiers over each class type.  

4. The final classification is made based on the highest vote. 

 

The final stage of the model is the evaluation of classification based on the pre-assigned 

label of each test instance. The following Chapter 7 includes the evaluation of the 

classification model. 
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Chapter 7 
Evaluation of model 

 
 

This chapter introduces the evaluation of the performance of the proposed 
classification model using the dataset derived from the IT federal and Dutch National ICT 
dashboards. Our approach is to use different kinds of classifiers all together due to the fact 
that as it is shown in the previous chapter pure classifiers are not appropriate to classify high 
accuracy and thus we chose to combine the classifiers using an ensemble technique. The 
technique of voting allows classifying a test instance based on their accuracy and precision 
of a set of individual classifiers. Thus we choose to use a weighted voting system (R. 2006). 
That is, each of the classifiers has a specific weight on the votes, based on the precision of its 
predictions for each class. Methods as Bagging, Boosting and Ada Boost techniques are not  
applicable in our case (Polikar 2007); (Ratsch 2003) due to the fact that they consist of using 
the same classifier several times.  
 
 

7.1 Experimental procedure 

 

In order to evaluate the performance of the proposed classification model and to compare it 

with the other classifiers, we established experiments with Dutch and IT Federal dataset 

respectively.  We compare the classifiers applied to different datasets so to check if different 

set of instances maybe perform better. Also different testing sets may rank classifiers 

differently and have different performance. Furthermore there are two types of classifiers: 

stable and instable. The stable are tolerant to small changes in the training set while small 

changes in the training set for instable classifiers can influence the performance. The 

instability of such classifiers can play a major role in a classification model that uses 

combining techniques. Thus the trained classifier might be different for the same training set 

and even for the same initialization of the parameters. According to the above concepts it is 

essential to evaluate your classification model with multiple training and testing sets. 

According to the proposed classification model there is a preprocessing procedure which 

includes the following steps and it was described with more in the previous chapter.  

Data preparation consists of the following steps: 

A. Data collection: gathering relevant attributes for a set of data points. 
B. Removal of incomplete data points 
C. Addition of derived attributes 
D. Merging of data sets, if possible 
E. Removal of attributes based on correlation 
F. Removal of extreme and borderline data points through clustering 
G. Removal of attributes through frequent item set analysis 
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The results of this data preparation procedure for the Dutch and IT federal dataset are 

presented in the following table: 

 

TABLE I.  DATA PREPARATION PROGRESS 

 

 

We use three different metrics to test the performance of our algorithms. The first one is the 
Precision (1), which also called positive predictive value is the fraction of retrieved instances 
that are relevant. The second is Recall (2), which also known as sensitivity is the fraction of 
relevant instances that are retrieved. A measure that combines precision and recall is 
the harmonic mean of precision and recall, the F-measure (3). 
 

1. 
tp

Precision
tp fp




   

2. 
tp

Recall
tp fn




   

3.   
Pr Re

2
Pr Re

ecision call
F

ecision call


 


  

 
 
 
Since the performance of a classifier depends mostly on the training set which is used, we 
decided to adopt the cross-validation methods with 10 folds. That is, the initial dataset is 
decomposed into 10 equally sized folds, and the classifiers are built and tested 10 times, 
each time with 9 of the folds used as the training set and the remaining one used as the 
testing set. Then, we average the performance values obtained on each of those trials in 
order to obtain a more accurate estimation of the real performance. 
 
The reported values in the charts for the proposed classification model are recorded as CM, 
Naïve Bayes as NB, Multilayer Perceptron as MP, Rotation forest as RF, rule-based classifiers 
as Ridor and PART, decision tree as J48 and k- nearest neighborhood as IBK. 
 

Experiment 1 

 

The factors of the ICT projects which constitute the attributes of the dataset are budget, 

schedule, burn rate and schedule variance. The cost variance is the class (normal, attention, 

action) that we want to predict using the classification model as it is shown in the following 

table:   

 Initial After A. After B. After C. After D. After E. After F After G 

Attributes 10 2 2 6 6 5 5 5 

Data points 

(Dutch/ IT 

federal 

source) 

59/ 

2468 

59/ 

2468 

57/ 

1545 

57/ 

1545 

57/ 

1545 

57/ 

1545 

50/ 

729 

50/ 

729 

http://en.wikipedia.org/wiki/Positive_predictive_value
http://en.wikipedia.org/wiki/Sensitivity_and_specificity
http://en.wikipedia.org/wiki/Harmonic_mean
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TABLE II.  CATEGORIES OF CLASS LABEL 

Cost Variance Category # of instances Dutch 

dataset 

# of instances IT Federal 

dataset 

<= 0% normal 33 593 

0%> && <20% attention 7 95 

>20% action 10 41 

 

 

 

The following table shows the results of the precision, recall and F-measure in each classifier 

as well the results for our proposed classifier using the Dutch dataset. 

 

TABLE III.  RESULTS OF EXPERIMENT DUTCH DATASET  

 Precision Recall F-Measure    

Naive Bayes Classifier  0.531      0.46       0.484       

Multilayer Perceptron 0.414      0.54       0.469       

RotationForest 0.44       0.64       0.521       

Ridor 0.468      0.58       0.516       

PART 0.527      0.6        0.547       

J48-graft 0.475      0.62       0.533       

IBK 0.46       0.46       0.46        

The  proposed classifier 0.544 0.66 0.591 

 

The following table shows the results of the precision, recall and F-measure in each classifier 

as well the results for our proposed classifier using the IT Federal ICT projects. 
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TABLE IV.  RESULTS OF EXPERIMENT USA DATASET  

 Precision Recall F-Measure    

Naive Bayes Classifier  0.668      0.781      0.717       

Multilayer Perceptron 0.75       0.815       0.736       

RotationForest 0.663      0.811      0.73        

Ridor 0.673      0.796      0.727       

PART 0.752      0.812       0.735       

J48-graft 0.663      0.811      0.73        

IBK 0.686      0.686      0.686       

The  proposed classifier 0.728      0.813      0.732       

 

The following figures depict the value of the metric for each classifier and this value is 
compared with the same one using different dataset. 
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Experiment 2 

  

We test the performance of the classifiers and our proposed classification model using the 

discretization which is presented in the following table. In this way we reduce the number of 

classes and the classification is binary.  

 

TABLE V.  CATEGORIES OF CLASS LABEL 

Cost Variance Category # of instances Dutch 

dataset 

# of instances IT Federal 

dataset 

<= 20% normal 40 688 

>20% action 10 41 

 

 

The following table shows the results of the precision, recall and F-measure in each classifier 

as well the results for our proposed classifier using the Dutch dataset. 

 

TABLE VI.  RESULTS OF EXPERIMENT DUTCH DATASET  

 Precision Recall F-Measure    

Naive Bayes Classifier  0.658     0.62       0.637       

Multilayer Perceptron 0.637      0.78      0.701       

RotationForest 0.64       0.8        0.711       

Ridor 0.75       0.8        0.742       

PART 0.64       0.8        0.711       

J48-graft 0.64       0.8        0.711       

IBK 0.634      0.62       0.627       

The  proposed classifier 0.75       0.8        0.742       

 

 

The following table shows the results of the precision, recall and F-measure in each classifier 

as well the results for our proposed classifier using the IT Federal ICT projects. 
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TABLE VII.  RESULTS OF EXPERIMENT USA DATASET  

 Precision Recall F-Measure    

Naive Bayes Classifier  0.889      0.919      0.904       

Multilayer Perceptron 0.891      0.944     0.916       

RotationForest 0.891      0.944      0.916       

Ridor 0.891      0.944      0.916       

PART 0.891      0.944     0.916       

J48-graft 0.891      0.944     0.916       

IBK 0.893      0.894     0.894       

The  proposed classifier 0.891      0.944     0.916       

 

The following figures depict the value of the metric for each classifier and this value is 
compared with the same one using different dataset. 
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Additional tests in classification model 

 

We also implement some additional tests in this analysis which are included in the Appendix 

and more specifically: 

1. Using only the raw data as for training the classifiers and checking the 
classification error.  

2. Classifying the spillage of Schedule Variance (SV).  
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7.2 Conclusions for classification model 

 

According to the above results we observe that in the first experiment the performance of 

the classification model in terms on Precision, Recall and F-measure is better than other 

classifiers using the Dutch dataset. The fact is Dutch dataset only contains around 50 

instances, this is possible that the classifiers do not have enough information to correctly 

learn how to classify those instances. Our classification technique is performing better than 

all our classifiers taken separately, based on the metrics. However in the USA dataset the 

precision is lower in comparison to Multilayer Perceptron and PART classifiers but without 

significant difference. Also we can conclude that the increase of number of instances 

influences the performance of the classification. Reducing the number of classes the 

performance for all classifiers is increasing but there is no improvement using the proposed 

classification model. To be more specific the proposed classification model performs as the 

PART classifier in Dutch dataset and for the IT federal dataset all classifiers perform in the 

same level. 

The classification model can be improved with more attributes or an enhanced 

preprocessing methodology. There is a tradeoff between accuracy of the prediction(2 or 3 

classes) and the results of the classification model. The results prove that the classification 

model works sufficiently well.  
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Chapter 8 
Discussion 

 

This chapter introduces ideas for improvements of the available IT dashboards. 

Furthermore we analyze the responses of the project managers of the survey for the Greek 

ICT projects. Also a design is proposed for an ICT dashboard for monitoring and controlling 

the ICT projects for the Greek government based on the IT Federal and the Dutch National 

one. The proposed dashboard alleviates some of the limitations of the current ones and 

provides services that increase the visibility to projects’ stakeholders and transparency to 

the citizens, including more indicators and comparing performances from data and project 

manager’s estimations. 

 

8.1 Improvement of ICT dashboards   

 

In a previous chapter (INSERT PAGE REFERENCE) we mentioned the limitation of the ICT 

dashboards in categories such as transparency, functionality, structure and reporting. The 

following proposals are beneficial for the improvement of these categories.  

In transparency  
 
The transparency through ICT increases trust among citizens. So the dashboard should 
improve the level of transparency with its services. The following list includes improvements 
of current available ICT dashboards in terms of transparency: 
 
 

1. Detailed information about people involved in each project (information or links to 

project web sites). 

2. Comments from citizens (croudsourcing techniques). 

3. Indicators and descriptions of impact of these projects on society. 

4. Analysis of performance of each project based on criteria ( user satisfaction, ability 

to meet budget and schedule targets, product quality and staff productivity )   

5. Categorization of projects that have succeeded and others that are not going well.  

6. Reasons for the failure of a project (for example changes political, laws, regulations 

and staff). 

7. Provide the source of data and it is taken for granted the reliability of data (lack of 

collection procedure). 
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8. Utilization of timestamps so as to know when the metric was updated. 

9. Increasing the frequency of reporting of project. 

10. Information on data completeness and accuracy (data quality control, accuracy, 

precision, missing /unknown). 

11. The degree of the acceptance of specific development from the people involved. 

 

In structure 

The structure of an ICT dashboard plays an important role due to the fact that it allows users 

to use the dashboard in different options. The following list shows the proposals for 

improvements in terms of structure. 

1. Customizable to allow the dashboard to become relevant for different users and 

groups.  

2. Ability for different information related to the people (personalization reporting & 

visualization). 

3. Ability to check the similarities between projects in use and Implementation in order 

to save money or cancel upcoming & new projects. 

4. Use the dashboard to merge projects. 

5. Decentralization in updating of the data so each ministry can upload the new data in 

order to be visualized and new reports to be produced. 

6. Grouping related information into categories or a hierarchy. 
 

7. Ability to use dashboard as alarm system by using thresholds & threshold-triggered 
actions which can help people are involved to take corrective actions before 
problems occur. 
 

8. Introduction of explanation before information for indicators and metrics of 

performance of a project. 

9. Questionnaires to find out the acceptance and adoption of stakeholders to the 

dashboard. 
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In functionality 

The user friendliness, the personalization and the customization of the dashboards can 

improve the level of adoption of this tool to the citizens. The following list constitutes the 

improvements in terms on functionality: 

1. Calculations of new indicators a) project cost per day in operation b) daily burn rate.  

2. Visualizations of indicators budgets, slippage, schedules, lifetime, and maintenance 

cost. 

3. Ability to go from a metric or indicator to additional detail that provides more 

context and/or breakdown of the information. 

4. Context and explanation to understand new and unfamiliar events.  

5. Use charts that maximize user comprehension. 

6. Signals for “Current” or “Update required” for obsolete data in each project. 

7. Allow users to define the scope of the data, timestamps and filters in the dashboard. 

8. Ability to see two or more subsets of the data side-by-side in order to compare. 

9. Highlight information based on pre-defined criteria using alerts when a metric goes 

outside of a particular threshold.  

10. Give users the ability to pull information out of a dashboard in different formats 

(pdf, csv etc). 

11. Ability for users to identify things in the dashboard and add commentary to specific 

numbers or charts.  

12. Ability to users to save and load their customized dashboard. 

13. Use of advanced visualizations and types including bubble charts, scatter plots, 

histograms, tree map etc.  

 

 

In reporting 

The reporting in the dashboard is necessary to formally inform management. Furthermore 

reporting informs government and citizens on the project’s progress and thus dashboard 

serves as a reference for future projects. The following list constitutes the improvements in 

terms on reporting: 

 

1. Increase the frequency of reporting of project data by the ministries and 

governmental organization. 

2.  Specifications for each project (goal alignment, deadlines, costs, benefits, and risk 

analysis.  

3. Introduction of rate between project cost and total governmental expenditures. 

4. More contextual data to be included in the reports and the data format to be richer 

so more information can be conveyed. 
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5. Technical details about implementation, usage and functionality  

6. Introduction of quality metrics and characteristics (ISO) for each software 

development. 

7.  Refresh the report according to users’ needs  

8. Categorization of reports (reliable or not) based on internal consistency of the texts. 

9. Examine the similarity in the evolution of projects 

10.  Additional data to be reported per project, including the expected lifetime, the kind 
and expected number of transactions to be supported with the systems delivered by 
each project. 

11. Project lifecycle (changing of laws and regulations) 
12. Analysis of relationships or connections that may be mathematical, organizational, 

or functional. 
13. Timeline and managing decisions for each project (budgeting decisions, freeze of 

funding). 

 
 

8.2 Greek ICT situation 
 

In this section it is described observations and conclusions about Greek ICT projects based 

on the survey. The responses constitute detailed information about ICT projects related to 

the following ministries. 
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The current state of ICT projects has been investigated as is shown in the next pie. In all next 

figures the blue and red color represents projects that are incomplete or completed 

respectively.   

 

The questions which have been answered are in the following list 

 q1: To what extent is budget met? 

 q2: Have the original business benefits been achieved? 

 q3: To what extent is functionality met? 

 q4: To what extent are the stakeholders (e.g., end-users, management) satisfied 
with the product (e.g., in terms of performance, reliability)?  

 q5: How completely is the system tested? 

 q6: Could you specify level of experience of development team? 

 q7: To what extent is schedule met?  

 q8: On which operating platform(s) does the system operate?  
 
The following charts present the responses in each question from the project managers.
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Starting with the analysis of data that we collected we have an increase of the number of 

the completed ICT projects at the end of each frame of the European Union framework as it 

is shown in the next figure. This is due to the fact responsible delay their projects until the 

last minute funding.  
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We combine the data with the cost slippage of each project so as to understand how the 

cost deviation influences significant factors of the project performance. 

The following figure shows the cost slippage and the PM view of budget performance of 

each project. 
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The cost slippage seems to be the same with the view of the responsible. More specifically 

ICT projects which reach their initial cost estimation or cost less are in group large or some 

except from ICT pro 3. Also the over budget project ICT pro 1 and ICT pro 20 are estimated 

by the project managers that they have been met partially their budget.  

 

 

 

The following figure shows if cost slippage has an impact on functionality each ICT project. 
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From the above figure it seems that projects which cost less from the initial estimation they 

do not influence their functionality in the most of the case except from ICT pro 13.  Although 

ICT pro 1 increased the budget it lacks of functionality.  

 

The following figure shows if the original business benefits have been achieved on each 

project in relation to cost slippage. 
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In the above figure it is concluded that projects which cost less than the initial budget they 

do not lose their business benefits. The only exception on this is that the project ICT pro 15 

which re-estimated 60% less and it do not achieve the original business benefits.  

 

The following figure shows if cost slippage influences the rate of testing on each ICT project. 
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Most of the ICT projects have been tested completely and they are not influenced from the 

cost slippage although project ICT pro 15 needs to be tested.  

The following figure shows the cost slippage and how much stakeholders are satisfied with 

performance of the product. 
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As the figure shows many that cost less than the initial estimation they keep the level of 

performance and reliability. Also over budget projects achieve to satisfy stakeholder at large 

extent. 

 

The following figure shows the schedule slippage and the PM view of performance of each 

project. 
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The opinion of project managers follows the schedule slippage because of the 13 projects 

that are after schedule only 3 were placed in the category large. This happens because 

project manager of these 3 ICT project maybe evaluate schedule performance from the 

current estimation and not form the initial.  

 

The following figure shows if schedule slippage has an impact on functionality each ICT 

project. 
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As the above figure shows the projects that are behind schedule they achieve their default 

functionality. There is only one ICT project that has increased its initial schedule and lacks of 

functionality. 
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The following figure shows if the original business benefits have been achieved on each 

project in relation to schedule slippage. 

 

 

 

In the above figure it is concluded that the most projects which need less days to be 

completed they lose their business benefits.  

 

 

 

 

 

 

-1 0 1 2 3 4

ICT pro 1

ICT pro 2

ICT pro 3

ICT pro4

ICT pro 5

ICT pro 6

ICT pro 7

ICT pro 8

ICT pro 9

ICT pro 10

ICT pro 11

ICT pro 12

ICT pro 13

ICT pro 14

ICT pro 15

ICT pro 16

ICT pro 17

ICT pro 18

ICT pro 19

ICT pro 20

ICT pro 21

ICT pro 22

ICT pro 23

ICT pro 24

ICT pro 25

Schedule Slippage of ICT projects - grouped by PM opinion 
about bussiness benefits 

Yes

No

Partially



136 
 

The following figure shows if cost slippage influences the rate of testing on each ICT project. 

 

 

 

As the figure shows the most of the ICT projects have been tested completely or moderately 

and maybe due to the schedule slippage there is more available time for testing and 

evaluation of the software products.  

 

 

 

 

 

 

 

-1 0 1 2 3 4

ICT pro 1

ICT pro 2

ICT pro 3

ICT pro4

ICT pro 5

ICT pro 6

ICT pro 7

ICT pro 8

ICT pro 9

ICT pro 10

ICT pro 11

ICT pro 12

ICT pro 13

ICT pro 14

ICT pro 15

ICT pro 16

ICT pro 17

ICT pro 18

ICT pro 19

ICT pro 20

ICT pro 21

ICT pro 22

ICT pro 23

ICT pro 24

ICT pro 25

Schedule Slippage of ICT projects - grouped by rate of testing 

Very complete

Moderately complete

Incomplete

no opinion/no comment



137 
 

The following figure shows the schedule slippage and how much stakeholders are satisfied 

with the performance of the product. 

 

 

 

It is concluded from the above figure that the stakeholders' satisfaction is priority for the 

project managers. So they care to give a product in high level in terms of performance and 

reliability and thus they need more days to test and implement their software. 

The following figure shows the schedule slippage in relation to level of experience of 

development team. 
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As the above figure shows projects with medium level of experience of development team 

needs recalculation in project duration.  

From the above results we can conclude the following aspects: 

1. The respondents seem to be reliable based on the analysis of their answers in terms 

of performance of cost and schedule.  

2. The cost is priority for most projects. They try to maintain cost removing people and 

building slowly. 

3. The significant factor is cost. So it is necessary the prediction of cost slippage. 

4. Most ICT projects do not have control of the duration of the project. 

5. ICT Projects which cost less than the initial estimation have the same functionality in 

most of the cases.  

6. ICT Projects which have been recalculated less their expenditures than the initial 

budget they do not lose their business value.  

7. Most of the under budget ICT projects have been tested completely.  

8. The re-estimated ICT projects in terms of cost tend to keep the level of performance 

and reliability.  

-1 0 1 2 3 4

ICT pro 1

ICT pro 2

ICT pro 3

ICT pro4

ICT pro 5

ICT pro 6

ICT pro 7

ICT pro 8

ICT pro 9

ICT pro 10

ICT pro 11

ICT pro 12

ICT pro 13

ICT pro 14

ICT pro 15

ICT pro 16

ICT pro 17

ICT pro 18

ICT pro 19

ICT pro 20

ICT pro 21

ICT pro 22

ICT pro 23

ICT pro 24

ICT pro 25

Schedule Slippage of ICT projects - grouped by the level of 
experience of development team  

High

Medium

Low



139 
 

9. The behind-schedule ICT projects achieve their default functionality. 

10. The ICT projects which need fewer days than the initial estimation for development 

lose their business benefits.  

11. The over time ICT projects are tested completely.  

12. Stakeholders' satisfaction is priority for the project managers.  

13. Project managers care about performance and reliability of the product. 

14. ICT projects which have medium level of experience of development team needs 

recalculation in project duration 

 

8.3 Design of the dashboard 

 

Not only does the ICT dashboard constitute a useful tool for Project managers but also 

improves the levels of transparency between government and citizens about the ICT 

expenditures in the public sector. For this reasons an ICT dashboard should be fully 

functional and user friendly. The chart and the metrics should be meaningful and dashboard 

should provide the ability to compare the ICT projects in terms on budget, schedule or 

slippages. Also the categorization of the projects through performance is a beneficial 

function that strengthens the competition between ICT projects. The performance should 

not be limited to slippages from the initial goal but also should be taken into account the 

estimation of the Project manager and criteria such as user satisfaction, business value, 

ability to meet budget and schedule, product quality, staff productivity etc. The dashboard 

should provide data feeds in appropriate formats and comprehensible reporting. Last but 

not least information about data completeness is an extra sign for citizens about the success 

of a project and it could push project managers to complete their necessary information 

fields.  

 

8.3.1 Data Collection  

 

The lack of a central database and the existence of limited information about Greek ICT 

investments in the public sector have led us to one easy and automatic way to collect the 

necessary data for the dashboard which is via an online questionnaire. This approach 

spreads a formal questionnaire to the responsible – Project managers of the ICT projects to 

be responded with the appropriate values for the characteristics of the ICT projects. In this 

way a survey approach had to be accomplished using a typical questionnaire that 

responsible of the projects and more specific project managers should answer.  Following 

this concept a list of questions had been prepared and online form is the most beneficial for 

a decentralized and easy way to collect data as it is shown in the next figure.  
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Although we set strict deadlines for the process assuming that one month would be enough 

for data gathering it took three months for only 17% of responses. More specifically, 25 

projects declared by the 140 questionnaires sent and 6 out of 11 agencies responded and 

more specifically GRNET, Infosoc, Ktimatologio, GSIS, TCG (Technical Chamber of Greece), 

Digital convergence. 

 

8.3.2 Process 

 

The responses of the questionnaire are split in two main categories. The first category 

includes the initial, current and actual values about budget, schedule and operational cost 

and lifetime, completion rate. The second category includes the Project manager’s 

estimations about the performance of the project in terms of business value, functionality, 

stakeholders’ satisfaction etc.  

The next figure presents a data model which introduces the combination of two different 

performances in order to estimate the performance of ICT projects. According to Project 

managers many times the deviation from the initial goals is not a criterion for whether a 

project is successful or not. Many times the variances in cost and schedule have been 

created because an additionally functionality or a change in the requirements of a project or 

a merging from other projects to one. So the figure shows a way to evaluate projects taking 

into account the opinion of Project manager.  
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The first performance is related to the raw data and the initial estimations about the ICT 

projects. The main indicators are calculated as they are described in Chapter 4 and each ICT 

is categorized in three categories action required, attention required and normal based on 

the thresholds of the following table.  We have to note that the thresholds are derived from 

the IT federal and Dutch dashboard. 

 

 

 

 

The orange box in the figure is beneficial to include the additional indicators in the 

performance of the ICT projects. In this case the additional indicators are not used because 

of the lack of certain attributes that are necessary to calculate these metrics. 

 

 

Thresholds Cost & Schedule Variance  Status of ICT Project  

≥ 40%  action required  

≥ 20% and < 40%  attention required  

< 20%  normal  
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Additional Indicators Abbreviation 

Budget At Completion BAC 

Budgeted Cost of Work Scheduled BCWS 

Completion Rate CR 

Earned Value EV 

Cost Performance Index CPI 

Schedule Performance Index SPI 

Estimate At Completion EAC 

 

 

In this point we present the performance based on raw data from the list of Greek ICT 

projects that are collected. 
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 Complete Projects Incomplete Projects Number of Projects 

low 6 3 9 

medium  1 0 1 

high 8 6 14 

 

The second evaluation is related to the Project manager opinions about the situations of 

their projects. In the questionnaire we asked the experts opinion about the performance of 

various elements. We rank the answers and we calculate the total sum and a weighted 

average using the following formulas. Scoring with weighted average gives greater weight to 

the factors which influence more the performance such as business value or functionality. 

 

 
 

 

(total sum) _ iScore PM q   

(weighted average) _ *i iScore PM w q  

  
 

Questions Weights 
q1: To what extent is budget met? W1 =0.1 

q2: Have the original business benefits been achieved? W2 =0.3 

q3: To what extent is functionality met? W3 =0.1 

q4: To what extent the stakeholders (e.g., end-users, 
management) satisfied with the product (e.g., in terms of 
performance, reliability)? 

W4 =0.2 

q5: How completely is the system tested? W5 =0.1 

q6: Could you specify level of experience of development 
team? 

W6 =0.1 

q7: To what extent is schedule met?  W7 =0.1 

Questions Scale 
q1: To what extent is budget met? Small extent = 0 , Some extent =1, Large Extent=2 

q2: Have the original business benefits been achieved? Yes=2, No=0, Partially=1 

q3: To what extent is functionality met? Small extent=0 , Some extent=1 , Large Extent=2 

q4: To what extent the stakeholders (e.g., end-users, 
management) satisfied with the product (e.g., in terms of 
performance, reliability)? 

Small extent=0 , Some extent=1 , Large Extent=2 

q5: How completely is the system tested? Vey complete=2, Moderately=1, Incomplete=0  

q6: Could you specify level of experience of development 
team? 

High=2, Medium=1,Low=0 

q7: To what extent is schedule met?  Small extent=0 , Some extent=1 , Large Extent=2 
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The results of the performance based on the Project manager opinion is presented in the 

following table. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

61% 17% 

22% 

Performance based on the Project manager  

low medium high

 q1 q2 q3 q4 q5 q6 q7 Total 
Score 

Weighted 
    Score 

ICT pro 1 1 2 0 2 2 2 1 10 1,6 

ICT pro 2 2 2 2 2 0 2 1 11 1,7 

ICT pro 3 1 2 2 2 2 0 2 11 1,7 

ICT pro4 2 1 2 1 1 1 1 9 1,2 

ICT pro 5 2 1 2 1 2 1 0 9 1,2 

ICT pro 6 2 2 2 2 2 2 2 14 2 

ICT pro 7 2 2 2 2 2 2 1 13 1,9 

ICT pro 8 2 2 2 2 0 1 2 11 1,7 

ICT pro 9 2 0 1 1 0 1 1 6 0,7 

ICT pro 10 2 0 1 1 0 1 2 7 0,8 

ICT pro 11 1 1 0 1 0 2 2 7 1 

ICT pro 12 2 2 1 1 0 1 2 9 1,4 

ICT pro 13 2 1 0 0 2 1 2 8 1 

ICT pro 14 2 1 1 1 2 1 0 8 1,1 

ICT pro 15 2 0 1 1 0 2 2 8 0,9 

ICT pro 16 2 1 1 1 2 1 0 8 1,1 

ICT pro 17 2 2 1 1 0 1 2 9 1,4 

ICT pro 18 2 2 2 1 2 1 1 11 1,6 

ICT pro 19 1 0 1 1 0 1 2 6 0,7 

ICT pro 20 1 1 2 2 0 2 1 9 1,3 

ICT pro 21 1 2 2 1 2 2 1 11 1,6 

ICT pro 22 1 2 1 1 0 2 1 8 1,3 

ICT pro 23 2 2 1 2 2 2 1 12 1,8 

ICT pro 24 2 2 2 2 2 2 1 13 1,9 

ICT pro 25 2 2 2 2 2 2 2 14 2 
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8.3.3 Design prototype 

 

In this part it is presented our proposal about an ICT dashboard for the Greek ICT projects. 

Our target is to keep this dashboard simple and clear in order to be comprehensible to every 

citizen. The charts and metrics include fundamental information about ICT projects which is 

easily understandable. The performance based on Project Manager opinion is one of the 

services that this dashboard provides. The comparison between different ICT project of the 

list and the completion among investments in terms of data completeness improve the 

transparency. Last but not least data feeds in many formats and meaning reporting could be 

beneficial for more scientific research and controlling of the investments. 

We want to keep the dashboard simple, clear and meaningful for non experts so we put only 

some general information as it is shown in the next figure with the first page. More 

specifically there are the year of completion and performances based on project data and 

manager opinion. 

 

 

 

In the Appendix there is a complete presentation of the proposed dashboard. The main 

characteristics are the portfolio of the dashboard with information about the budget and a 

list of the ICT projects with the necessary details. Also information about schedule of ICT 

projects with recalculations of over and under time investments. Details about the monthly 

funding (Burn Rate) with its re-estimations are included. Necessary attributes that are 

presented are the cost, schedule, burn rate slippage grouped by completed and incomplete 

ICT Projects as well the performance based on project manager opinion and raw data as it is 

described in previous session.  An extra functionality in the dashboard is the level of 

completeness which increase the competition among ICT projects and furthermore there is 

the ability to compare one project with the whole set and discover all the details in their 
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fields or in the form of a report.  The information about missing data and a rate of level of 

data completeness is included in the dashboard. It is also provides a mechanism for retrieval 

the set of the ICT projects with option about the feature, the filters and the format. 

Explanations about the functionality of the dashboard and further details about the 

calculations of the indicators are presented. 
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Chapter 9 
Conclusions 

 

In this thesis we concentrated on the analysis of governmental ICT investments. State of 

the art data mining techniques such as clustering, association rules and classification were 

used so as to extract useful conclusions about ICT projects. Also the dependencies in the 

factors of ICT projects’ performance were investigated using statistical analysis and 

hypothesis testing. Furthermore a classification model for predicting cost and schedule 

slippage was proposed. For ICT project management, this model, or an enhanced one, can 

be used in predicting slippages during the development of the project and thus is intended 

as a project management tool for sponsors and managers of large ICT projects in the public 

sector. Before beginning development, some management policies are known with some 

certainty for being supported by the experience in similar projects, but many others are 

imposed by the own development organization and/or the client. With this model we can 

decrease the uncertainty we have about certain management policies when we predict the 

cost slippage. The conjunction of different mining techniques e.g. clustering, association 

rules, classification which are elements of the classification model it allows to obtain 

automatic management rules in order take decision in the management process of ICT 

project.  The obtained management rules give very useful information about the attributes 

or characteristics of the project and about the organization to control the development 

process and to fulfill the goals of the project. Also a detailed description of an evaluation 

model was presented for evaluating the performance of ICT project and we introduced an 

improved ICT dashboard for monitoring and controlling for the Greek ICT investments. We 

consider that our initial objective was reached, which was the analysis of governmental ICT 

investments. We believe that this thesis has an actual contribution both to the academic and 

to the business environment and also that it has created the foundations for future 

research. 

 

9.1 Meeting Research Objectives 

 
Following the research methodology which is described in Chapter 2. The main research 

question addressed by this thesis was answered with the help of 7 research questions. 

The main research question addressed by this thesis is: 
How can analyze government’s ICT projects using data mining techniques? 
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Q1: Which are the current available sources? 

The current available sources for governmental ICT investments are from U.S.A. and the 
Dutch government. The USA IT federal dashboard constitutes a fully functional and user 
friendly platform of monitoring the governmental expenditures for ICT projects. One major 
benefit of this is the evaluation of each investment by the CIO. Also there is the capability to 
retrieve the whole set of these investments and download it for more analysis using the data 
feeds formats. A significant limitation is that the charts & metrics are non-meaningful for 
non-expert. In addition, the lack of comparison between ICT projects in terms of budget and 
schedule as well as in slippages makes the derived information incomprehensible. 
Furthermore the dashboards lack performance indicators based on criteria such as user 
satisfaction, ability to meet budget & schedule, product quality and staff productivity.  
The Dutch National ICT Dashboard is a public website for the Dutch citizens with an overview 
of the large and/or high-risk IT projects of the national government. The benefits of Dutch 
dashboard are its simplicity and that it shows only the basic information about ICT projects. 
Furthermore each project is categorized in terms on performance in budget and in schedule 
with green, yellow and red notation. However Dutch dashboard lacks indicators and data 
feeds and there is no evaluation of project managers and the level of data completeness and 
the reporting is not comprehensible.  
  
 

Q2: How could we collect data from Greek government? 

According to certain reasons that are described in session 4.2, an efficient way to collect ICT 

projects from the Greek government is a survey approach using an online questionnaire that 

responsibles for the projects and more specific project managers should answer. We 

contacted 10 agencies in the public sector of the Greek government, although we set up one 

month for the data collection procedure it took 3 months until the last response. Only 60% 

of the agencies participated with at least at one of their projects and only 17% of the project 

managers responded to our request. Confidentiality is kept for the responses and the 

collected data can be used only for academic purposes.  

 

Q3: Can we propose a model for evaluating performance of ICT projects; 

Our approach for the evaluation of governmental ICT projects differs from the current ones 

in the Dutch and IT federal dashboard due to the fact that it introduces the combination of 

performance based on the raw data and the performance of Project managers’ opinion in 

order to estimate the performance of ICT projects. The idea behind this approach is that 

according to Project managers many times the deviation from the initial goals is not a 

criterion for whether a project is successful or not. Also many times the variances in cost and 

schedule have been created because an additionally functionality or a change in the 

requirements of a project or a merging from other projects to one. Based on this evaluation 

model we tested the performance of Greek ICT projects. We find limited interest from 

Project managers to estimate their projects. However the respondents seem to be reliable. 

For the most of ICT projects the cost is priority for most projects contrary to the expansion 

to the duration. 
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Q4: Which is the correlation between factors of the ICT investments?  
 
In Chapter 5 there is a detailed description about the statistical analysis using descriptive 

statistics, hypothesis testing, correlation and factor analysis. According to correlation 

analysis Budget and Burn Rate are highly correlated for governmental projects. Also the 

initial estimations of the project are correlated with their variances. Budget and Schedule 

are not acting the same in the normalization. Last but not least the Burn Rate Variance is 

highly correlated with Cost Variance in Dutch and IT federal data, contrary to Greek data 

which is highly correlated with Schedule Variance. According to factor analysis Budget and 

Burn Rate as well as Cost Variance and Burn Rate Variance are highly correlated. Using 

hypothesis statistical test we concluded that the distribution of the budget on each dataset 

is the same. The distribution of the schedule is the same for Dutch and Greek as well as for 

Greek and it federal. The distribution of the schedule variance is the same for Greek and IT 

federal. 

 
 
 
Q5: How data mining techniques can be used for analyzing ICT projects? 
 
Firstly the data mining techniques can be used for clustering ICT projects based on their 
performance. Also useful patterns can be exacted from the historical data. Last but not least 
prediction model can be constructed using state of the art mining methods such as 
classification. We use the state of the art data mining techniques so as to analyze 
governmental ICT projects. In Chapter 6 there is the description of the mining procedure. 
Based on clustering approach the general conclusions for all different datasets are the 
following: the number of the clusters that can split the data is 2 or 3 clusters. The slippages 
of initial estimations have the most of their values to 0 that firstly seems to be artificial, so 
the distribution of variances is gathered in zero value and thus the clusters are near or up to 
x-axis. In addition the initial cost is the factor which separates the high risk projects and not 
the schedule. Also the burn rate acts in the same way as budget in terms on performance for 
Dutch and Greek dataset. Furthermore the IT federal high risk projects can be built fast but 
with high burn rates and strict schedule, while low performance ICT projects can be built 
slowly but with high extension of the schedule. In IT federal dataset the clustering is related 
only with the initial budget and the size of burn rate does not influence the performance and 
thus the complexity of an ICT projects may occur high risks. In Greek ICT projects the 
creation of groups is based on the low, medium and high values of the pairs of budget and 
burn rate.  We use Apriori algorithm for producing association rules. In order to use Apriori 
algorithm we have to discrete the attributes of the dataset. We implement some test for 
discretization based on the distribution of the data so as to choose the thresholds for each 
attribute.  A number of rules has been created however is difficult to recognize a pattern 
based on these rules. The scope of the classification is after training classifiers to check if 
there is possibility to predict slippages in the project attributes for a set of test instances. 
Based on classification approach the general conclusions for Dutch and IT Federal dataset 
are the following: Using the Dutch dataset on the classification approach we observe that 
related to the rate of correctly classified instances the most appropriate classifier is the PART 
with 68.4 %. Using IT federal dataset the most classifiers are inappropriate for classifying due 
to the fact that they put all test instances in one category. The classifier that seems to have 
better performance in the IT Federal dataset is the IBK with 67.2% rate of correctly classified 
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instances. However in both datasets the most classifiers are unable to set a test instance to 
class 0-20% slippage. 
 

Q6: How can a classification model be constructed for performance‘s slippage? 

Due to the low performance of classifiers that are presented in the classification procedure 

we proposed a classification model for predicting slippages that can be constructed using 

data mining techniques. The model that we propose takes a limited number of project 

parameters as input and classifies a project into one out of three slippage categories. The 

classification model includes two parts. The first part is the data preparation steps that 

transform the raw data sets into a processed data set that can be used for training and 

testing the classification model. Concerning the data preparation there are several steps. 

More specifically instances with missing values are removed. Also attributes in the dataset 

are examined for potential dependence. The extreme values in the dataset are identified in 

order to be removed. Borderline instances which can influence the classification result are 

removed. We remove the highly correlated attributes based on the frequent subsets which 

are produced via the Apriori algorithm. Using a different training set a number of classifiers 

are trained.  The second part is the classification model that consists of multiple elementary 

classifiers that are combined using a voting mechanism. Weka was used for the 

implementation of whole procedure. 

 

Q7: How good is the resulting classification? 

Examining the two dataset we conclude that there is not a possibility to merge the different 

sources due to the results of hypothesis analysis of attributes’ distribution. So we use several 

tests scenarios separately for Dutch and IT federal ICT projects in order to evaluate the 

performance of the classification model. According to the above results we observe that the 

performance using three labels for the class is better than other pure classifiers using the 

Dutch dataset in terms on Precision, Recall and F-measure. However in the USA dataset the 

precision is lower in comparison to Multilayer Perceptron and PART classifiers but without 

significant difference. Using two labels for the class the performance for all classifiers is 

increasing but there is no improvement using the proposed classification model.  

 

According to the above answers for the research questions the contribution of this master 
thesis is the detailed analysis of governmental ICT projects with the combination of 
statistical, correlation and mining techniques which produces considerable conclusions for 
ICT investments. The proposed evaluation and classification model that are presented in this 
master for evaluating the performance of ICT project can be used as a project management 
tool for sponsors and managers of large ICT projects in the public sector. Also the proposed 
ICT dashboard for monitoring and controlling for the Greek ICT investments can introduce 
new ideas for better monitoring the ICT projects in a form of a dashboard. Due to the lack of 
related literature in this area, this work can be a step for future academic research scoping 
to improve of the analysis.    
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9.2 Limitations and Future work 

 
Limitations 
 
This thesis has outlined one approach to analyzing governmental ICT projects however there 
are certain limitations to be addressed.  The research of an evaluation model for managing 
of government ICT projects is fairly new and has only recently started gaining momentum in 
academic circles.  Since literature pertaining explicitly to this topic is rather scarce, and there 
are not public sources from related topics. 
 
First of all one considerable limitation of our analysis is limited factors for the ICT projects. 

So the evaluation model as well as the classification model does not include factors that may 

give better estimation of the performance of the ICT projects or more accurate classification 

respectively. 

  

Another limitation in our analysis is that we had only the initial and the current estimations 

about the ICT projects. We believe that we have to check the procedure of the ICT projects 

in many timestamps so as to recognize the trends of the features of the investments.  

As far as concerning the analysis of Greek ICT projects the number of data points was limited 
(17% responses) due to the small number of responses from project managers to our 
questionnaire and because of data was primarily collected from only 6 agencies and project 
related data could not be answered in full detail. 
 

Future research  

As future work, it is recommended to collect more data from other Governmental sources.  

We are trying to gather more ICT projects from the Greek government and evaluate the 

results of our classification model for these data points. Also more attributes, factor and 

indicators should be introduced in the dataset in order to improve the accuracy of the 

model. In addition it is need to investigate some more data mining algorithms that can help 

to improve the process of classification. The process of designing better indicators for 

measuring the performance of projects can be focused upon. The choice of the right metrics 

for the ICT investments will provide the necessary tools for an enhance evaluation model to 

estimate the performance of the investment. Future research can validate this evaluation 

model for quality with real government ICT projects, collecting statistics and reporting the 

problems encountered. Lastly, this evaluation model can be compared with the 

methodologies deployed by other countries in order to discover best practices for increasing 

ICT project performance. 
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