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Abstract 

The management of operational services where decisions depend on the perception of a lot of events 

can be supported by using interfaces with "dashboard" techniques. The usage scenarios of REPOX 

framework are examples of that, and therefore this thesis explores the hypothesis of a "dashboard" 

interface for that purpose. The REPOX platform supports the aggregation of bibliographic data for 

multiple channels (OAI-PMH, or even shared file Z39.50), its consolidation in local collections, and 

also its publication by multiple channels. In some real scenarios using REPOX, the number of these 

channels can reach the hundreds, with several million records. For that purpose we evaluated the 

various dimensions of information a manager of such a system requires, and developed and evaluated 

our proposals in line with this analysis. 

Keywords 

Dashboard; J2EE; Information visualization; Information presentation; Decision-making; REPOX. 
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Resumo 

A gestão de serviços operacionais em que as tomadas de decisão que dependem da percepção de 

uma grande quantidade de eventos podem ser suportadas por interfaces usando técnicas de 

“dashboard”. Os cenários de uso da plataforma REPOX são exemplos desse tipo, sendo por isso a 

hipótese desta tese a proposta uma interface “dashboard” para essa plataforma. A plataforma 

REPOX suporta a recolha de dados bibliográficos por múltiplos canais (OAI-PMH, Z39.50 ou mesmo 

ficheiros partilhados), a consolidação desses dados em colecções locais, e ainda a publicação por 

canais múltiplos. Nalguns cenários reais de uso da plataforma REPOX o número desses canais pode 

chegar às centenas, com vários milhões de registos. Para o efeito foram avaliadas as várias 

dimensões da informação que um gestor de um sistema destes necessita ter acesso, e desenvolvidas 

e avaliadas propostas alinhadas com essa análise. 

 

Palavras-chave 

Dashboards; J2EE; visualização de informação, apresentação da Informação; toma de decisões; 

REPOX. 
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1.1. Motivation 

With continuous advances in technology, the rapid pace of today's business environment, and the 

need to create and manage data in increasing quantity, managers are overwhelmed with reports and 

data produced from a multitude of Information Systems (IS) of the organization. The problem is further 

exacerbated when the information in the reports is poorly presented and visualized, which is often 

distracting at the time of decision-making. This reality forces managers to consider implementing 

dashboards that could alleviate the problem of information overload. An example of an executive 

dashboard can be seen in Figure 1.1. 

 

Figure 1.1. Executive dashboard1 

Understanding the influence of information presentation and visualization on the effectiveness of 

decision-making is an important component of the user interface design in human-machine interaction. 

In this context, dashboards have been well received. The interest in dashboards is increasing because 

they are considered one of the most useful tools, for in business intelligence.  

Although dashboards have been adopted as a management tool, the scientific literature has failed 

to keep pace with the developments. While textbooks, e.g. (Few, 2006) and (Rasmussen et al., 2009), 

and articles in business press, e.g. (Miller and Cioffi, 2004) and (Kawamoto and Mathers, 2007) on 

dashboards exist; only a few studies can be found in academic journals, providing little guidance for 

practitioners (Pauwels et al., 2009) and researchers (Yigitbasioglu and Velcu, 2012). More scientific 

work on dashboards is needed. 

                                                     

1http://www.kaushik.net/avinash/the-action-dashboard-an-alternative-to-crappy-dashboards/ 
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Motivated by these aspects, this thesis aims to study and implement a dashboard considering the 

available, open-source technology along with a substantial contribution from the limited academic 

point of view. In summary, the motivation for this work is to propose a dashboard interface for REPOX, 

an existing tool to manage processes for data transfer in digital libraries. The, also the foundations for 

the design, implementation and evaluation of a dashboard for REPOX are also given. 

1.2. REPOX 

Our case study for implementing a dashboard is REPOX. REPOX is an existing open-source tool 

to manage processes for data transfer in digital libraries. Figure 1.2 shows the functional areas 

involved in data transfer of digital libraries. The amount of data that REPOX handles is continuously 

increasing and consequently a practical way of reporting in real time is necessary. A general summary 

regarding REPOX is given in the next paragraph.  

 

Figure 1.2. Functionality Area Services2 

REPOX is an implementation of the concept of Metadata Repository (Nuno et al., 2007), which 

provides an open platform operating without commercial technology in its process of data 

preservation. This system manages various collections of metadata, derived from various entities, and 

each interface is connected to a data source that is responsible for obtaining the records generated 

and checking them before their integration into REPOX. These checks are obtained by encoding the 

records in the XML schema that has been adopted by the entity that generated it. Architecturally, the 

whole structure of REPOX (Nuno et al., 2006) can be seen in Figure 1.3.  

The main highlight of interest is the infrastructure manager repository. This is implemented in Java 

EE1 and its main functionality is collecting and managing data from different protocols. As can be 

seen in Figure 1.3, the REPOX has several protocols for data collection and they are HTTP (Hypertext 

Transfer Protocol), FTP (File Transfer Protocol), OAI-PMH (Open Archives Initiative Protocol for 

                                                     
2http://www.dlib.org/dlib/march10/manghi/03manghi.html 

http://en.wikipedia.org/wiki/Hypertext_Transfer_Protocol
http://en.wikipedia.org/wiki/Hypertext_Transfer_Protocol
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Metadata Harvesting) and Z39-50 (International standard client–server). Of all these interfaces the 

most commonly is OAI-PMH, since this protocol is a common requirement required for data sharing by 

organizations. 

 

Figure 1.3. Architecture of the framework components of REPOX 

1.3. Objectives 

The main objectives of this dissertation are to: 

 Study dashboards as a tool for information visualization and presentation. 

 Use the academic contribution on dashboard for the building of a dashboard for REPOX 

as much as possible in order to achieve better performance. 

 Design, implement and validate a dashboard for REPOX by using Open Source Business 

Intelligence (OSBI) technology and J2EE (Java 2 Platform, Enterprise Edition) technology.  

In summary, as stated above, the main target of this thesis is to study and implement a dashboard 

considering the OSBI technology available along with a substantial contribution from the academic 

point of view. 

1.4. Contributions and results achieved 

The work described in this thesis was developed within the project “REPOX Data Aggregation and 

Interoperability Manager”, a unique open-source tool to manage processes for data transfer in digital 
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libraries in Portugal and Europe (REPOX was use in project Europeana3, DIGMAP4, EuDML5 and 

TEL6). 

The main contributions of the thesis are: 

(a) In-depth study of the origins, characteristics, purposes, uses, benefits, and applications       of 

the dashboards;  

(b) The integration study of information visualization and presentation techniques in order to 

develop effective and efficient tools for decision-making performance;  

(c) Evaluation and comparison of the OSBI technologies, with dashboard functionality; 

(d) Design and implementation of an open source operational dashboard for REPOX by using     

J2EE technology and SpagoBI7; 

(e) Evaluation and validation of the results of the designed dashboard; and  

(f) The preparation of a scientific article on the work. 

1.5. Structure of the document 

This thesis is presented in 6 chapters composed as follows: 

 Chapter 2 presents the context of this thesis. State of art the dashboards are presented along 

with definitions, types, advantages, disadvantage, applications and existing dashboard 

solutions. Recent academic proposals and ideas will be also described. Finally, the chapter 

presents a set of OSBI platforms, with dashboard functionality. 

 Chapter 3 presents the problem of this thesis.  The importance of designing a dashboard for 

REPOX is discussed. Related problems of both dashboards and REPOX are presented.  

 Chapter 4 (case study chapter), presents the analysis, design and implementation of the 

dashboard within REPOX open source. To this end, the chapter presents a comparisons, 

evaluation and selection of the OSBI platform which is SpagoBI. 

 Chapter 5 presents the evaluation and validation of the dashboard design.   

 Finally, Chapter 6 presents the conclusion and future works followed by the References and 

Appendix. 

                                                     
3http://www.europeana.eu/ 

4 http://portal.digmap.eu/ 

5https://eudml.org/ 

6http://www.theeuropeanlibrary.org/confluence/display/wiki/TELplus+project 

7http://www.spagoworld.org/xwiki/bin/view/SpagoBI/ 

http://www.europeana.eu/
http://www.spagoworld.org/xwiki/bin/view/SpagoBI/
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This chapter discusses the whole issue of the thesis and the context of its potential solution. It 

begins by conceptualizing the dashboards as a support tool for effective and efficient decision-making. 

Then, fundamental application areas related to dashboards, such as key performance metrics, data 

quality, information presentation, and visualization of information are described along with the potential 

for academic research. With this foundation, along with principles of dashboard design and current 

dashboard solution technology, this thesis describes related topics for the problem of designing a 

dashboard operative for REPOX.  

2.1. Dashboards 

The term ‘dashboard measures’ is derived from examples like the set of instruments and gauges 

found on the dashboard of an automobile. “The gauges and indicators reflect the on-going 

performance of the various functions in the automobile. The dashboard of an automobile has 

indicators of current speed, distance travelled, engine temperature, and fuel reserves. A review of 

these indicators allows the driver to quickly assess the performance of the automobile and make 

necessary corrections, e.g. slow down or stop for fuel”. Dashboard measures for an organization are 

intended to function in similar fashion to an automobile dashboard.  

In an organization, dashboards monitor the performance of operational processes (transactions) 

based on metrics. However, various types of metrics exist and can be categorized into the following8: 

Key Result Areas (KRA’s), Key Result Indicators (KRI’s), Performance Indicators (PI’s) and Key 

Performance Indicators (KPIs). 

KRI is a metric that records information in KRA’s. For example in an automobile it could be the 

total fuel consumption during a previous period of time.  

PI is a metric that shows the current status and performance of the organization, e.g. in an 

automobile it could be the fuel remaining. These are more focused in smaller targeted areas than 

KRI’s, but less powerful than KPI’s.  

KPI describe actions that could increase performance. They are the result of one action, and 

directly linked to a strategic objective, e.g. in an automobile, it could be the aerodynamic resistance. 

2.1.1.  History of Dashboards 

A Tableau de Bord (TdB) is a dashboard such as those found in airplanes or automobiles. The 

TdB measurement system was created in France at the turn of the last century9. Process engineers 

were looking for ways to improve their production process by developing a better understanding of 

cause-effect relationships. This same principle was later applied at the top management level, 

                                                     
8http://www.mondaq.com/x/140520/Operational+Performance+Management/Key+Performance+Indicators+KPIs+

What+They+Are+And+What+They+Do 

9http://maaw.info/ArticleSummaries/ArtSumEpsteinManzoni97.htm 
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allowing senior managers to monitor the progress, compare to goals that had been set, and take 

corrective action (Epstein and Manzoni, 1997). 

“Dashboard” is a new name for Executive Information Systems (EIS) that enhanced previous 

advances in information technology. EIS, developed in the 1980s, can be considered an early 

predecessor to the modern business dashboard. EIS remained exclusively in the offices of executives 

and was rarely seen by lower-level employees and managers. Problems with data refreshing and 

handling led to information being incomplete, unreliable and scattered across different sources (Few, 

2006). It was quickly realized that the approach was not practical  

Thus, EISs (Executive information system) did not developed much until the 1990s when the 

information age begging, and Data Warehousing (DW) and online analytical processing (OLAP) 

allowed dashboards to function adequately. Despite the availability of enabling technologies, the 

dashboard use didn't become popular until later in that decade, with the rise of KPIs and introduction 

of Balanced Scorecard (BSC) (Eckerson, 2010). The BSC is a short document that summarizes a set 

of leading and lagging performances indicators, grouped into four different categories: financial, 

customer, internal processes, learning and growth. This balanced picture of performance is an old 

concept. For example, many companies in France have been using a related tool known as TdB for 

over sixty years, as described in a 1997 paper by Epstein and Manzoni. 

TdB is a set of dashboard measures that include both financial and non-financial metrics. It is 

intended to be a method for translating the organization’s mission and vision into objectives, from 

which critical success factors (CSF) can be derived. Critical performance indicators are then 

developed to track the organization’s CSF performance. Unfortunately, the deployment of the TdB 

differs from the theory. In practice, there is often much more emphasis on the traditional financial 

measures than the non-financial measures (DeBusk et al., 2003). Today, the more common term is 

“dashboard” because a concept, methodology, design and implementation have been developed for 

dashboards. 

2.1.2.  Dashboards concept 

Nowadays, dashboards are well-known; they are studied in IS, utilized in Business Intelligence 

(BI) and Business Process Management (BPM), and other fields. However, a clear definition of a 

dashboard was not been given before Few in 2006, indicating the lack of academic research on 

dashboards (Yigitbasioglu and Velcu, 2012). Although many different definitions exist, the most 

important ones are listed below:    

“A dashboard is a visual display of the most important information needed to achieve one or more 

objectives; consolidated and arranged on a single screen so the information can be monitored at a 

glance” (Few, 2006).     

“A visual and interactive performance management tool that displays on a single screen the most 

important information needed to achieve one or several individual and/or organizational goals, 
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allowing the user to identify, explore, and communicate problem areas that need corrective action” 

(Yigitbasioglu and Velcu, 2012). 

"A diagnostic tool designed to provide busy managers with a quick overview of a company’s 

performance" (Velcu and Yigitbasioglu, 2012). 

However, none of these definitions define dashboards for general purposes in terms of flexibility, 

as detailed in the report “Guide to Creating Dashboards.” Its authors comment on the use of 

dashboards as a tool that communicates the most important information clearly and concisely. The 

delivery channel, level of interactivity, timeliness of data and analytical capabilities will vary based on 

the situation. 

With this last definition, the dashboard paradigm (see definitions by Few, 2006, etc.) was broken. 

The authors of this brief definition remark that there are many flavors of dashboards, such as whether 

the entire dashboard fits on a single page. By defining dashboards as a tool that communicates the 

most important information clearly and concisely, they remove constraints. There are multiple 

possibilities of design and implementation of dashboards, (see Table 2.1). 

Table 2.1. Research works on dashboard. 

Dashboard definition and purposes, visual feat, 

information load, decision performance 

Study 

Dashboard definition Arnott and Pervan (2005), Few 

(2006) 

Dashboard purposes Pauwels et al. (2009) 

A dashboard should fit on a single screen but allow data 

to be drilled down 

Few (2006) 

The use of Gestalt principles to improve perception Moore and Fitz (1993) 

Use of colors to enhance perception Goldstein (2007) 

High data to ink ratio to maximize attention paid to 

important information 

Tufte (2006) 

The introduction of grid lines into 2D and 3D graphs 

prevents decision bias 

Amer and Ravindran (2010) 

Altering the display format can help focus on more 

relevant information 

Dilla and Steinbart (2005) 

Performance markers (e.g. +/-) can help eliminate bias 

in connection to BSC presentation format 

Cardinaels and Van Veen-Dirks 

(2010) 

Technologically, dashboards are multi-layered applications built on business intelligence and data 

integration infrastructure that enable organizations to measure, monitor, and manage business activity 

using both financial and non-financial measures (Eckerson, 2006). 
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As stated before, dashboards have been well-received in many organizations and their interest is 

growing. For example, dashboards are referred as one of the most useful analytical tools in BI 

(Negash and Gray, 2008). In addition, dashboards are the most common tool for displaying 

information in BI (So and Smith, 2003) and form an important part of BPM. A handful of success 

stories on dashboard implementations reported in professional journals seem to support this claim. An 

interesting literature review on dashboards in performance management and its implications for design 

and research was performed recently (Ogan and Velcu, 2012). 

2.1.3.  Dashboard Purposes 

There are many potential uses for dashboards. A list is provided as follows: 

 Help management define important tasks and information 

 Educate people in the organization about the most important matters 

 Set goals and expectations for specific individuals or groups 

 Help executives to access this information at any time 

 Encourage specific actions in a timely manner 

 Highlight exceptions and provide alerts when problems occur 

 Communicate progress and success 

 Provide a common interface for interacting with and analyzing important business data 

To build a dashboard with the capability for the potential uses described above, the dashboard 

can be directed to four possible purposes (Pauwels et al., 2009). 

Monitoring 

A dashboard helps to monitor performance, refers to the day to day evaluation of metrics that 

should result in corrective action. Monitoring could be considered as the dashboard’s most 

fundamental function. 

Consistency 

A dashboard enforces consistency between the alignment of measures and measurement 

procedures used across departments and business units. 

Planning 

A dashboard can be used for planning if its features include scenario analysis. 

Communication 

A dashboard communicates both the performance and the values of an organization to its 

stakeholders through the choice of the metrics.  
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2.2. Types of Dashboards 

Currently, there exist three major types of dashboards: operational, tactical and strategic (see 

Table 2.2). Each type emphasizes the top, middle and bottom layers of information and application to 

different degrees. The top layer graphically displays excepted conditions, the middle layer allows 

users to explore or “slice and dice” data from multiple dimensions and the bottom layer allows users to 

examine individual transactions and operational reports (Ikechukwu et al., 2012). 

Operational Dashboard 

Dashboards for monitoring operations are often designed differently than those that support 

strategic decision-making. Operational dashboards are generally used by contract employees and 

their supervisors who directly interact with customers and services, or manage the creation and/or 

delivery of products. They are also used by managers or administrators to analyze data, monitor 

constantly changing activities, and respond quickly to events that might require attention. 

Consequently, an operational dashboard emphasizes monitoring over analysis and management. As a 

result, operational dashboards primarily deliver detailed information that is only slightly summarized, in 

real-time. 

Table 2.2. Types of dashboards 

 Items\types Operational  Tactical Strategic 

Focus Monitor operations Optimize process Execute strategy 

Emphasis Monitoring Analysis Management 

Users Supervisors+ Managers+ Executives+ 

Scope Operational Departmental Enterprise 

Information Detailed Detailed/ Summary Summary 

Updates Intra-day Daily/Weekly Monthly/Quarterly 

"Looks like a" "Dashboard" "Business intelligence 

Portal" 

"Scorecard" 

 

 

Tactical Dashboard 

Tactical dashboards track departmental processes and projects relating to a section or sub-unit of 

an organization. Managers and business analysts use tactical dashboards to compare actual 

performance to expected performance, or current results to last period’s results. These types of 

dashboards support measuring progress in key projects or initiatives, and emphasize analysis over 

monitoring or management10. 

                                                     
10Picturing Performance: IBM Cognos dashboards and scorecards for healthcare (white paper, 2009) 
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Figure 2.1. Data Warehouse and BI Dashboard paradigm (Rasmussen et al., 2009). 

Strategic Dashboard 

The primary use of dashboards today is strategic; they support managers at all levels of an 

organization and provide the quick overview that decision-makers need to monitor the health and 

opportunities of a business. Strategic dashboards focus on high-level measures of performance and 

forecasts. Strategic dashboards benefit from static snapshots of daily, weekly, monthly and quarterly 

data that do not constantly change from one moment to the next, and emphasize management over 

monitoring and analysis (Ikechukwu et al., 2012).  
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2.3. Dashboard application areas 

A dashboard is vital for information presentation and visualization, but a poorly-constructed 

dashboard may not be useful for appropriate decision-making. An excess or lack of information, or 

information presented at the wrong time, may hinder this process. The core topics of dashboard 

building, such as metrics, data quality, information presentation and visualization are described in the 

following sections (see Figure 2.1). 

2.3.1.  Key Performance Indicators 

As a product, dashboards are a technique for data visualization that allows users to quickly 

analyze the performance of metrics such as KPIs. In the previous section, different types of 

dashboards were introduced, each with varying characteristics and uses. The type of dashboard 

determines the metrics to be selected and the overall story told by the dashboard, considering data 

quality and information presentation and visualization. The metrics that relate most closely to 

operational dashboards are KPIs and/or PIs. 

When KPIs are used, for example, dashboards share information, measure KPIs, provide views of 

KPIs relevant to a particular objective to business process, such as sales, marketing, human 

resources or production (Alexander and Walkenbach, 2010). Dashboards may also effectively manage 

performance of employees. 

2.3.2.  Data Quality 

Data Mining and Data Quality have become buzzwords in BI. They are different concepts and 

should be differentiated. Data Mining refers to: 

● Analysis of data with the intent to prove a hypothesis or to discover gems of information in the 

vast quantity of data. 

● Looking for patterns in a collection of facts of observations. 

● Responding to the query “Select * From Data, Status=’Good.’” 

Techniques for data mining may include neural networks, visualization, decision trees, etc. 

The second refers to characteristics of the data, such as accuracy, integrity, consistency, 

completeness, validity, timeliness and accessibility. When referring specifically to dashboards, Data 

Quality refers to the quality of the information content displayed on the dashboard’s screen. (Clark et 

al. 2006), based on two surveys conducted in 2001 and 2003 on large US firms, stated that data 

quality is an issue in dashboards. Regarding to the availability of the data to be used for dashboards, 

 “Quality issues with respect to data might stem from application integration problems, which might 

lead to avoidance of using dashboard provided data and substitution with more traditional tools, e.g. ( 

MS Excel) and reports, e.g. (periodical sales report print-outs). Even in cases when there is no 
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objective quality issue related to the dashboard data, it may be an issue of managerial preference to 

use other sources of data” (Yigitbasioglu and Velcu, 2012). 

Data quality is not a new issue in other areas, as shown by evidence in research regarding data 

quality in IS. Data quality refers to both the data content and format (Gorla et al., 2010). Quality can be 

defined not in an objective sense, but rather in terms of the perceptions of data consumers working on 

specific tasks and within specific contexts (Huh et al., 1990; Nelson et al., 2005). More relevant 

information can be found in the literature (Yigitbasioglu and Velcu, 2012). 

Decision-makers often work under time pressure to reach multiple objectives to maintain and 

improve the performance of organizations. As a result, it is important that their support tools are based 

on accurate, consistent and complete data that is timely and accessible in a clear format. Since one 

benefit of dashboard implementation is data accessibility, dashboards have the potential to be very 

useful in this application. 

In summary, the quality of data from a dashboard does not seem to hinder their use, although 

there are concerns regarding the completeness of data, as evidenced by low loading. Nevertheless, 

data quality is a prerequisite for dashboards’ success and can drive or inhibit their use (Yigitbasioglu 

and Velcu, 2012). 

2.3.3.  Information presentation 

In a practical sense, information presentation in dashboards is a balancing act between the 

following aspects: 

● Avoiding overwhelming the user with information 

● Directing attention to crucial information without unnecessary distraction; and 

● Presenting information simply and concisely 

Recent academic research shows that dashboards draw on theories from a variety of disciplines, 

including IS, accounting and cognitive psychology. Information presentation has been studied, but 

there is limited literature on dashboards and information presentation from an academic point of view. 

This thesis considers relevant information taken from a paper (Yigitbasioglu and Velcu, 2012) and the 

guide to creating dashboards11. 

First of all, presentation should be distinguished from visualization, which will be discussed in the 

next section. Information presentation refers solely to the format, i.e. graphs or tables. In specific 

circumstances, alternatives visual information presentation formats allow decision-makers to leverage 

their perceptual processes and more effectively explore information (Tegarden, 1999). As stated,  

                                                     
11

http://www.juiceanalytics.com/wp-content/uploads/2010/11/Guide_to_Dashboard_Design.pdf 

http://www.sciencedirect.com/science/article/pii/S1071581906001042#bib64
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“High information (visualization) displays are not only an appropriate and proper complement to 

human capabilities, but such designs are frequently optimal” (Tufte, 2001). 

While more visual presentation might be more useful in all situations, research to date has 

demonstrated that the effectiveness of a specific format depends on the task performed (Tufte, 2001; 

Vessey, 1991). This is detailed by. Similar ideas of fit between visual displays and tasks have been 

suggested when evaluating design languages (Giordano, 2002) and broad user interface design 

(Kennedy et al., 1998). Cognitive fit theory on the issue of “fit” has developed theory-driven 

hypotheses describing the potential of visual formats to lead to more effective decisions (Speir, 2006).  

Presentation format type. 

Information can be presented in many ways, such as raw numbers, graphs, tables and bars. For 

an example, see Figure 2.2 Moreover, such types of information can contain the following features: 

 

 
 

 

 

 

                                                                                                                                                                     

Figure 2.2. Graph and bars 

● Presentation format flexibility. This is the ability to view data in different ways, e.g. (tables 

or graphs) through point-and-click.  

● Real-time notifications and alerts. They are necessary so that corrective actions can be 

triggered as soon as the measures deviate from predefined targets. Alerts can be relatively 

easily implemented through the use of distinct colors, flashing and/or even audio signals. 

● Drill down capabilities. This means that one can move from a general to a more detailed 

level of information. The drill down feature would also benefit low analytics that might perform 

better with less aggregate data, as well as tasks that have a high level of uncertainty (Bariff 

and Lusk, 1977; Benbasat and Dexter, 1979). 

● Scenario analysis. It may be a useful feature, especially when the dashboard is intended to 

be used as a planning tool. Users can utilize it as a decision support tool. 
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● External benchmarking. This can give users valuable insight with respect to how well the 

organization is performing in relation to its competitors (Pauwels et al. 2009; Ying et al, 2009; 

Yigitbasioglu and Velcu, 2012). 

2.3.4.  Information visualization 

As an ancient saying goes, a picture is worth a thousand words. Human brains possess 

approximately twenty billion neurons devoted to the analysis of visual information. These neurons 

provide a pattern-finding mechanism, which is a fundamental component in most cognitive activities. 

More information is acquired through vision than through all of the other senses combined (Colin 

Ware, 2013).This unique capability of the human visual system enables us to obtain insight in external 

data and to exploit the highest bandwidth channel between computer and human.  

To be more specific, information visualization is defined as the use of a computer-supported, 

interactive, visual representation of abstract data to amplify cognition (Card, 1999). Information 

visualization technology employs intuitive visual metaphors, dynamic graphics and interactive 

exploration of abstract data to increase speed of understanding and reaction in a world of increasing 

data volume (Card et al., 1999). 

The process of visualization involves two distinct phases: encoding and decoding. They are 

facilitated through the use of visual attributes such as shape, position and color, and textual attributes 

such as text and symbols, which themselves are represented with simple visual attributes (Wunsche, 

2004). Visualization is effective if the decoding is done “correctly,” where perceived data quantities 

and relationships between data reflect the actual data. Visualization is efficient if the maximum amount 

of data is perceived in a minimum amount of time. Visual perception involves two elements: the 

perceptual and conceptual gist (Friedman, 1979; Olivia, 2005). The perceptual gist refers to the 

process of the brain when it determines the image properties that provide the structural representation 

of a scene, such as color and texture. 

The conceptual gist refers to the meaning of the scene, which is improved after the perceptual 

information is received. 

In a practical sense, dashboards help managers to visually identify trends, patterns and anomalies 

about business, which makes the issue of visual information design very important. Dashboards 

convey information through visualization, which refers to the “use of interactive visual representations 

of abstract, not physically based, data to amplify cognition” (Card et al., 1999). Dashboards, similar to 

many other visualization tools, draw on the principles of visual perception. Visual perception can be 

explained through the application of Gestalt psychology to visualization. For more detailed research 

articles, readers may consult in the literature (Yigitbasioglu and Velcu, 2012). 
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Information visualization design 

Information visualization is not a new topic, in fact, it is being also used in many tools to support IS 

and IT (Information technology). However a bad information visualization design can produce 

inefficiency in reporting. Even if there is a fit (i.e. all the required information and features are available 

to the user), a poor visual design, e.g. (excessive use of colors, low data-to-ink ration, etc.) may 

confuse and distract the user. Therefore, visual features are also important. They include the following 

aspects: 

 Simple page. The ideal is to concentrate on a single page all the facts and figures, because it 

is to have a single view of all that is to manage. Information should be presented in an easy to 

see what is important and highlight what deserves our attention "key factors". The key idea is 

to facilitate decision making for better results. However, it should be remarked that simple 

page idea is not the main objective nowadays due to: (a) the fast positioning of electronic 

devises such mobiles and tables, and (b) the principal features that dashboard can have such 

as drill down capabilities (see below). 

● Frugal use of colors (see Figure 2.3). The use of a correct color scheme, using preattentive 

variables to make important information stand out: 

o Slightly off-white background 

o Muted colors 

o Reserved colors for the divisions 

o Four distinguishable colors 

o Bright highlighting color 

 

 

 

 

       Figure 2.3. Frugal use of colors 

● Fonts and font size: Different font types and sizes should not be mixed. The more popular 

business font, such as Arial, and a medium font size, such as twelve- or fourteen-point, is 

ideal. Main headers can be slightly larger, with headers in boldface. Text or numbers is often 

in ten-point font, varying from eight- to twelve-points (Rasmussen et al., 2009).  

● Low and high data-ink ratio: On the left side of Figure 2.4, the border around the graph, the 

background color and grid lines are all unnecessary data-ink, using a high data-ink ratio. On 

the right side of Figure 2.4, the border, background color and grid lines have been deleted, 

http://en.wikipedia.org/wiki/Information_technology
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resulting in a much cleaner figure that does not distract the viewer’s attention from the data 

and horizontal scales. The key features of the data stand out clearly. 

 

        Figure 2.4. Low and High Data-Ink Ratio (Tufte, 1983) 

● Use of grid lines for 2D & 3D graphs: Some two-dimensional and three-dimensional graphs 

may lead to visual illusions that complicate decision-making. For example, see Figure 2.5. To 

solve this problem, (Amer and Ravindran, 2010) suggested grid lines as visual aids. 

 

Figure 2.5. Grid lines for 2D & 3D graphs12 

2.4. Dashboards and users 

At the present, the definition, purpose and types of dashboards have been given. However, 

assuming that each dashboard will be designed for each individual application, several questions 

emerge in the context of this thesis. How will the human-computer interaction work? Is it possible to 

improve this interaction? What are the factors that matter in this interaction? This section intends to 

respond to these questions by using some important knowledge derived from IS and EIS. 

2.4.1. Information presentation and user 

In this thesis, the strong relation between user task and knowledge of the information is described.  

The section starts with a literature review on information presentation, described as follows. 

                                                     
12http://docs.oracle.com/cd/E12839_01/web.1111/b31973/dv_intro.htm 
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Currently, graphics in reports assist managers with decision-making. However, the use of tables in 

some scenarios is still debated. For example, in management accounting, (Vessey, 1991) stated that 

researchers attempted to show superior decision-making when using graphs rather than tables. The 

results were inconclusive on whether graphs or tables were more effective. (Beattie and Jones 2000) 

pointed to a reporting bias in financial graphs in corporate annual reports, which were used to make a 

favorable impression on the readers. Recently, (Raschke and Steinbart, 2008) proposed user training 

for mitigating the effects of misleading graphs on decision makers.  

Based on human information processing (HIP) theory, (Vessey, 1991) introduced the cognitive fit 

theory that explains under which circumstances one mode of information presentation outperforms the 

other. One of the fundamental principles of this theory is that graphical and tabular representations 

present the same type of information but in fundamentally different ways: graphical representations 

are spatial information and tabular representations are symbolic information. Tasks can also be 

divided into spatial and symbolic tasks. According to cognitive fit theory, graphs are more useful for 

tasks that require identifying and understanding relationships and for making comparisons, while 

tables are better for tasks that require extracting specific values and combining them into an overall 

judgment. 

In the light of the mixed evidence regarding the benefits of one presentation format over the other, 

(Wilson and Zigurs, 1999) tested whether individual preference to select among alternative displays 

had an effect on performance. The results showed no difference among the subjects that could select 

the display format in comparison to the group that was given a random format in terms of task 

performance. However, the group that received theory-based format recommendation (based on 

cognitive fit theory) performed better than the other two groups. 

Judgment quality is affected by the display format (Dilla and Steinbart, 2005). Judgment quality is 

a function of consistency (within an individual's own decisions) and consensus (among individuals' 

decisions). A research work reported mixed results regarding the absolute benefit of supplementary 

information (tabular vs graphic) in BSCs (Dilla and Steinbart, 2005). However, there was unambiguous 

evidence that tabular information was superior to the same information displayed in graphical format 

due to the adverse effect of graphical information on consensus. Nevertheless, most of the studies did 

find evidence for graphical presentations to improve the accuracy of spatial tasks such as bankruptcy 

forecasts, earnings forecasts, and sales forecasts (Anderson and Mueller, 2005). 

Other studies reported that the influence of presentation formats interacts with the characteristics 

of the decision environment and the knowledge of the decision maker. Tabular formats are superior to 

graphical formats as the complexity of the tasks increased (So and Smith, 2004). It evident that users 

with relatively more uncertain tasks required more disaggregate information. However in other 

scenarios the situation could be different. Decision makers with a low level of knowledge made 

decisions that led to higher profits when they used customer profitability reports, which were presented 

in graphical format compared to tabular format (Cardinaels, 2008). A surprising result was that the 
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same customer profitability report presented as graphs (versus tables) had a negative effect on profits 

for users with high levels of cost knowledge.  

Studies have also explored the impact of more advanced presentation formats on decision 

performance, such as the tests of the cognitive fit theory in the context of expertise management 

systems by studying the potential of using self-organizing maps (SOM) and multidimensional scaling 

(MDS) to support more efficient and effective exploration of the information space. Such studies are 

out of the scope of this thesis, but the work by Huang et al. (2006) should be reviewed to find further 

information regarding this topic. In addition, complementary referential literature regarding the topic 

can be found in Table 2.3. 

Table 2.3. User tasks, knowledge and presentation format, decision Performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

User tasks, knowledge and presentation format, 

decision Performance 

Study 

Tabular information was superior to graphs with respect 

to consensus among decision makers. Task difficulty not 

affected by supplementary BSC information 

Dilla and Steinbart (2005) 

Tabular information more suitable for symbolic tasks: e.g. 

for extracting specific values and combining them to an 

overall judgment 

Vessey (1991) 

Sales forecasts based on tabular format were more 

accurate than graphical animations 
Hasbun (2009) 

Graphs are more suitable for spatial tasks: e.g. for 

comparing a set of values. 
Vessey (1991) 

Graphs were found to be superior for correlation and 

sales forecasting tasks but value added decreased with 

auditing experience 

Anderson and Mueller (2005) 

Users who chose preferred presentation format made 

more accurate decisions for symbolic tasks 
Wilson and Zigurs (1999) 

Self-organizing maps and multidimensional scaling did 

not significantly outperform tabular representations. 
Huang et al. (2006) 

Schematic faces and bar chart graphs produced superior 

performance to financial ration and trend diagrams 
So and Smith (2003) 

Users with low level of accounting knowledge made better 

decisions with graphs. Users with high level of accounting 

knowledge made better decisions with tables 

Cardinaels (2008) 
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As a final remark, research on information display suggests that for example, the use of tables 

versus graphs depends on the nature of the task. Cognitive fit theory does provide some useful 

guidelines with regard to the choice of presentation formats to be used, i.e. graphs are well suited for 

spatial tasks that involve forecasting and comparisons as well as for tasks that require 

multidimensional data analysis and pattern recognition. On the other hand, tables seem to suit better 

more advanced users that are more numerical, e.g. (accountants and financial analysts). Graphs 

might also introduce some degree of subjectivity (hence the lack of consensus) if they are not well 

designed and/or labeled. This might explain some of the contradictions or lack of support in past 

research for cognitive fit theory. This area offers potential for further research (Yigitbasioglu and Velcu, 

2012). 

 

 

                                                                                                                                                                      

Figure 2.6. A summary of dashboard research paths with implications on design. 
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2.4.2. Information presentation and user cognitive styles and personality. 

In this section, the strong relation between the users’ cognitive styles and their personality vs 

information presentation is further studied. This and the previous section follows the structure to phase 

dashboards from academic point of view (Yigitbasioglu and Velcu, 2012), seen                                                                                                                                                                       

Figure 2.6. Therefore, the components on these topics are outlined next. 

An extension to the basic concept of cognitive fit, which includes the fit between an individual's 

decision-making skills, the information presentation format, and the task are important (Vessey and 

Galletta, 1991). Effective decision making requires users to develop appropriate mental 

representations, where the mental processes that decision makers use provide the link between 

representation and task. However, users' mental processes may vary from person to person, 

depending on his/her cognitive style. This extension could have implications for the designers of 

decision support systems as they might need to focus on the personality traits of decision-makers 

along with the tasks they perform. This section explores the interaction between users’ personality and 

decision-making performance. 

Since the previous remarkable work shows that cognitive fit theory is not limited to matching 

information presentation and task, personality seems to play an important role in decision making 

performance. According to Myers-Briggs Type Indicator (MBTI), there are 16 personality types that 

can be characterized by occupational and organizational traits, educational traits and learning styles, 

and decision-making traits and cognitive styles. In each person, there is an innate inclination towards 

one of the four traits, but the other traits are still present and useable. 

Regarding to ISs, researchers used MBTI to measure the relationship between personality and 

ISs use, as well as other measures (Bowen et al., 2003). 

The customization of interfaces to match personality types may lead to successful use of 

information systems (Boon and Tak, 1991). However, personality type was not related to a person's 

perception of the value of different data presentation formats (Liberatore et al., 1989; Carpenter et al. 

1993). Cognitive styles in terms of MBTI and field independence had no impact on decision quality 

with varying presentation formats (So and Smith, 2003). Although, early research (Boon and Tak, 

1991) did provide some potential for personality research, the personality type literature with respect 

to information systems design seems to have lost its momentum (see Table 2.4). Until now it appears 

to be difficult to understand the state-of-art dashboard technology for two reasons: (a) it is a quite new 

academic topic, and (b) the multidisciplinary fields on which the topic appears indirectly (EISs, BSCs, 

business intelligence, information systems, etc.). In order to establish clear ideas of the present 

research topic, (see Figure 2.6) shows summary of dashboard research paths with implications on 

(Yigitbasioglu and Velcu, 2012). 
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 Currently, it does not offer strong evidence for designing reports or dashboards that match users' 

personality type. Furthermore, it is not clear whether this area can offer research potential 

(Yigitbasioglu and Velcu, 2012).  

2.4.3. Dashboard research paths 

Until now it appears to be difficult to understand the state-of-art dashboard technology for two 

reasons: (a) it is a quite new academic topic, and (b) the multidisciplinary fields on which the topic 

appears indirectly (EISs, BSCs, business intelligence, information systems, etc.). In order to establish 

clear ideas of the present research topic, (see Figure 2.6) shows summary of dashboard research 

paths with implications on (Yigitbasioglu and Velcu, 2012). 

Table 2.4. Personality type and presentation format, decision performance 

Personality type and presentation format, decision 

performance 

Study 

Personality type did not affect the value perceived 

from different presentation formats 

Liberatore et al. 1989) and 

Carpenter et al. (1993) 

Customization of user interfaces to match personality 

type may lead to success 

Boon and Tak (1991) 

Users performed better when they handled an 

interface that matched their personality type 

Kostov and Fukuda (2001) 

Cognitive styles (MBTI) and field independence had 

no impact on decision quality with varying 

presentation formats 

So and Smith (2003) 

Decision support systems should not be designed 

according to the desires of individual managers 

Vessey and Galletta (1991) 

Low analytics with disaggregate data performed 

better than low analytics with structured and 

aggregate data 

Benbasat and Dexter (1979) and 

Bariff and Lusk (1977) 

Analytic planners performed more confidently with 

less aggregate data. Heuristic planners performed 

equally well with aggregate and less aggregate data 

Lederer and Smith (1988) 

 

In Figure 2.6, it is surprising to note that dashboard users are not linked to information visualization, 

but they are linked to information presentation. Little research on this topic exists, but readers may 

study the relations between information visualization and dashboard users (Tufte, 1983). It seems that 

the topic should be considered for further investigation. 

Overall, the requirements of new generation dashboards (Yigitbasioglu and Velcu, 2012) refer to: 
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 Aligning business processes with latest information to provide business intelligence (BI) at all 

levels in the company,  

 Using intuitive and easy to digest visuals for delivering information to busy executives, and  

 Sound navigation.  

The last two requirements highlight the importance of dashboards to provide data visualization in a 

way that makes sense to the individual. This can be achieved through design elements such as the 

frugal use of colors, high-data ink ratio and the use of gridlines in graphs, as well as drill down 

capabilities from the single dashboard page. Thus, if designed properly, dashboards can offer the 

solution to information overload or miscommunication regarding reporting in companies. 

2.5. Technology for Dashboard 

In previous sections, the context of the thesis, state-of-the-art dashboard technology and 

important theoretical definitions were outlined. However, applications of dashboards were not 

mentioned. It is still important to ask some questions regarding these aspects, such as (a) How are 

dashboards used in industry? (b) What solutions are currently available for users? These are two of 

the questions that will be answered intuitively in this section. Consequently, it will be interesting to 

know more about the existing technological solutions, both commercial and open-source. 

First, it is important to establish that today’s dashboard technology is used for monitoring business 

aspects: processes or organizations, activities and complex daily events. Information has become a 

crucial agent for dashboard development, propelling a company to the top of its industry, or stagnating 

its growth. There is even potential for ruin without adequate management. In this context, dashboards 

can be used to show, through KPIs and/or IPs, the necessary information for a company. Dashboards 

can be implemented by using two types of solutions: commercial and open-source. The latter includes 

two types of models. 

Commercial open source (COS): This type of solution includes two alternatives: Community 

edition, which provides an open source product that meets the user’s basic needs; and Enterprise 

edition, which offers product that can be purchased; this includes enhanced features as well as 

support and training services. For example, Jasper Soft and Pentaho fit into this model. Their 

community editions are covered by the GNU General Public License (GPL) and Mozilla Public License 

(MPL), respectively, while commercial agreements are needed for the enterprise releases. 

Full open source (FOS): The product is completely free, no enterprise solution is available, and 

thus all the functionalities are available to the community for free. It is distributed under the GNU 

Lesser General Public License (GNU LGPL) (Golfarelli, 2009). 

In the following sections, more details of the two types of solutions are presented. 
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2.5.1. Commercial Dashboard Solution 

Commercial solutions are considered more robust than open-source because they are 

implemented with a greater number of features. However, they are also predefined, limiting their 

functionality, and are associated with a cost. Due to demand in the past, many commercial dashboard 

solutions were developed, such as etc. This brief list was generated through a quick search on 

Google. Most of these vendors provide dashboards as a component of their business intelligence 

system as opposed to a stand-alone system. Although vendors claim that the use of dashboards 

enhance organizational performance, such as improved customer satisfaction, return on investment 

and increase in cash flow, some companies prefer simpler alternatives. Despite the criticism of being 

too flat, too manual and too isolated, Excel spreadsheets are the most widely used performance 

dashboard by companies (Neely et al., 2008). 

2.5.2. Open Source Dashboard Solution 

First, it should be remarked that dashboards are principal features of technological solutions for 

BI, such as the Open Source Business Intelligence (OSBI). As a representative body of research on 

OSBI exists in the literature, the related bibliography was considered in this thesis. The context of the 

target is the development of a dashboard for REPOX. Considering this, OSBI knowledge was used to 

select the platform which best suits the main purpose of this thesis. 

An OSBI platform provides a full spectrum of BI capabilities within a unified system, which reduces 

the overhead for the development and management of each application. In addition, it the user 

perceives a single BI solution rather than a disparate collection of programs. 

OSBI platforms evolve much faster than commercial platforms, since they are not constrained by 

compatibility and rigid architecture. Furthermore, open-source (OS) solutions take advantage of the 

OS development community that relies on hundreds of programmers and designers as well as the 

direct involvement of researchers. However, it is important to remember that the academic research 

on one of the principal features of OSBI (dashboards) have an uncompleted state of art for 

practitioners. Existing dashboard solution technology can be an important reference for future 

improvements of OSBI platforms. 

This thesis comparatively evaluates seven of the currently most popular different OSBI platforms:  

SpagoBI13, Pentaho14, Jasper Soft15, Palo16, Openl17, Vanilla18
 and Eclipse-BIRT19. The short list of 

                                                     
13

http://spagobi.ow2.org/index.html 

14
 http://community.pentaho.com/ 

15
http://www.jaspersoft.com/dashboards 

16
http://www.palo.net/ 

17
http://www.openi.org/ 

18
http://www.bpm-conseil.com/ 
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platforms given below was obtained from the top 25 OSBI platforms and the top 5 OSBI suites 

(Lyndsay, 2012). These platforms were studied and analyzed for selection of the technological 

solution of the case study of this thesis, detailed in Chapter 4. Regarding the following, the 

characteristics of the studied platforms were taken from their websites and Wikipedia. 

SpagoBI 

SpagoBI is part of the SpagoWorld OS initiative founded by Italian IT services company 

Engineering Group. Its developers proclaim SpagoBI to be the only “entirely open source” business 

intelligence suite. 

Platform SpagoBI is an integrated platform constructed from a pre-existing set of tools. It provides 

various functions, both, in terms of analysis and data management as well as management itself and 

security (see Table 2.5). 

It offers solutions for reporting, OLAP (On-Line Analytical Processing) analysis, dashboards, ad-

hoc queries, KPI, data integration and management as well as version control and approval workflows 

of generated documents. SpagoBI also allows multiple scanning engines to run simultaneously and 

monitor processes in real time. It is a complete solution in terms of basic features and fully OS since it 

has no commercial versions. 

Table 2.5. SpagoBI features 

Item Features 

Evaluated version: SpagoBI - 4.0, June, 2013 

Licensure:  Not implemented, the users are only charged for support and 

maintenance of projects. 

Commercial version: Support Services  

Principal components: Reporting, Charts, KPI models, Cockpits, Ad-Hoc Reporting, Free 

Inquiry, Real Time Dashboards, Console, GEO/GIS, Accessible 

Reports, Analytical Dossiers, ETL (Extract, Transform and Load), 

OLAP, Administration Server. 

 

Pentaho 

The OSBI Pentaho was founded in 2004, and is headquartered in Orlando, FL, USA. Pentaho is 

based on Java technology and also deployment environment based on Java, which makes it a flexible 

and adaptable to various environments. The platform has modules for reporting, OLAP analysis, 

dashboards, data mining, ETL, management and security. It has a very friendly user interface (see 

Table 2.6). 

                                                                                                                                                                   
19

http://www.eclipse.org/birt/phoenix/ 
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Table 2.6. Pentaho features 

Item Features 

Evaluated version: Pentaho BI Suite Community Edition – 4.8, November, 2012 

Licensure:  GPLv2 (General Public License, version 2), LGPL, MPL 

Commercial version: Pentaho BI Suite Enterprise Edition (With more functionalities) 

Principal components: ETL, OLAP analysis, reporting, dashboards, BI Platform,  

administration server, etc. 

 

Jasper Soft 

Jasper soft was originally called Panscopic (see Table 2.7), and was founded in 2001. Jasper Soft 

provides several versions of its Jasper Soft BI suite. The Community edition essentially provides a 

reporting and charting environment with supporting infrastructure. The report designer supports charts, 

images, crosstabs and sub-reports for sophisticated report layouts, interactive viewing changes, 

server repository, report scheduling, mobile BI, user access and security and data integration.  

The commercial editions add much more including dashboards, a metadata layer, in-memory 

analysis, ad-hoc report designer, data virtualization, and interactive visualizations. The list of Jasper 

Soft customers is impressive, although most will undoubtedly be using the more capable commercial 

version  

Table 2.7. Jasper Soft features 

Item Features 

Evaluated version: Jasper Soft BI Suite Community – 4.7.1, September, 2012 

Licensure:  GPLv2 

Commercial version: Jasper Soft BI Express Edition, Professional for AWS Edition, 

Professional Edition y Enterprise Edition (With more functionalities) 

Principal components: ETL, Job Designer, OLAP Analysis, Reporting. 

 

Palo 

Palo is a business intelligence suite (see Table 2.8), was founded by (Kristian Raue, 2002) and 

developed by Jedox AG, a company based in Freiburg, Germany. It was designed for performance 

management functions and including planning, analytics, reporting, Excel, etc. Palo OLAP Server is at 

the heart of the offering and provides multi-user, and high performance access to data. 

It supports real-time aggregation and is a good platform for BI collaboration, since data is loaded 

into the OLAP server using the Palo ETL Server. This supports most data sources, including relational 

databases. Although databases are not formally included as a component, spreadsheets can be 

prepared with graphical components that act as dashboards. 

http://en.wikipedia.org/wiki/GNU_General_Public_License
http://en.wikipedia.org/wiki/Etl
http://en.wikipedia.org/wiki/Olap
http://en.wikipedia.org/wiki/Reports
http://en.wikipedia.org/wiki/Dashboards_%28management_information_systems%29
http://en.wikipedia.org/wiki/Freiburg
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The commercial version of Palo is supplied by Jedox, and includes additional features such as 

service scope, add-ons, mobile support, SAP connectivity, OLAP manager, report manager, and excel 

integration. 

Table 2.8. Palo features 

Item Features 

Evaluated version: Palo Suite – 3.2, Mayo 2011 

Licensure:  GNU GPLv2 

Commercial version: Palo Suite Premium Edition (software extended warranty and 

support capabilities). 

Principal components: Multidimensional OLAP Server (MOLAP), Palo Web server, ETL 

Server, and Palo for Excel Spreadsheet. 

 
OpenI 

Openl is an OLAP reporting tool based on JEE technology Web, is a rapid deployment solution for 

building and publishing reports of data sources OLAP XMLA compatibles with Microsoft Analysis 

Services supported or Mondrian (see Table 2.9). It has modules for dimensional modeling, OLAP, 

predictive statistical models, generation tools for creating interactive reports and dashboards. 

Table 2.9. Openl features 

Item Features 

Evaluated version: OpenI Suite – 3.0.1, April, 2012 

Licensure:  GPLv2 

Commercial version: No implemented. 

Principal components: OLAP, ROLAP (Relational Online Analytical Processing) server, 

interactive reporting, and dashboards. 

 

Vanilla 

Vanilla Community is spread on several networks and supports Vanilla through projects and 

evolution of the platform (see Table 2.10). It has been developing by company BPM-Conseil (Lyon –

France) since 2007. Vanilla is a free, open-source, pluggable, multi-lingual community-building 

product to host a forum on your own server infrastructure. There’s also a commercial service by the 

creators of the Vanilla Forums product that offers hosting plans. 

Table 2.10. Features Vanilla 

Item Features 

Evaluated version: Vanilla 4.2.2 Suite, April, 2013 
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Licensure:  MLP, GNU, GPL 

Commercial version: Vanilla Forums 

Principal 

components: 

Maps BI portal, metadata, ETL, workflow, Birt, web reporting, OLAP 

viewer, dashboard, and KPIs. 

 

Eclipse-BIRT 

BIRT (Business Intelligence Reporting Tools) project is open source software, licensed under the 

Eclipse Public License (see Table 2.11). The technological solution offers reporting capabilities and 

business intelligence and Web applications, especially those based on Java and Java EE. BIRT is 

high-level software in the Eclipse Foundation (Eclipse Foundation), a consortium of industry vendor’s 

nonprofit software and OS community. 

In short, Eclipse-BIRT is a specialized tool for reporting. It has two main components: a report 

designer based on Eclipse visual and a routine component to generate reports that can be put to use 

in any Java environment BIRT project also includes a graphics engine that is integrated into the 

design and allows reports to be used separately to include graphics in an application. 

The commercial editions add much more including dashboards, a metadata layer, in-memory 

analysis, ad-hoc report designer, data virtualization and interactive visualizations.  

Table 2.11. Eclipse BIRT features 

Item Features 

Evaluated version: Eclipse BIRT Project 4.2.2, February, 2013 

Licensure:  MLP. 

Commercial version: Eclipse BIRT Project Premium Edition 

Principal components: Reports, web reports, OLAP views, analytics, ROLAP and ETL. 

Dashboards are included in the commercial version.  

 

2.6. Summary of the Chapter 

This chapter started by presenting an overall overview of dashboard in the context of the present 

thesis. Then the definition, application areas of dashboards were given. The dashboards applications 

areas and their potentials for further investigations are also outlined. Definition of metrics, data quality, 

information visualization and presentations (dashboard applications areas) were discussed. Recent 

academic proposal and ideas will be also described. Finally, the chapter presented the OSBI 

platforms, having dashboard as functionality, for further analyses in Chapter 4.  
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3. The Problem 
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3.1. Introduction 

This chapter describes the unresolved problems in REPOX related to the context of this thesis. 

Being more specific, reasons for creating a dashboard for REPOX will be described. 

A great deal of information from bibliographic files is stored in the REPOX repository. REPOX can 

be used by Data Providers to publish Data Sets, by Service Providers to harvest Data Sets, or by 

Aggregators to harvest, transform and republish Data Sets. Moreover, Moreover, REPOX is a tool that 

is being used by several European Projects as Europeana Connect, Europeana Local, DIGMAP, 

Europeana Libraries, EuDML - European Digital Mathematics Library, Linked Heritage and Institutions, 

TEL, National Libraries / Local Libraries. The abundance of data stored by REPOX poses a challenge 

for an administrator, who must use the data for decision-making. Fortunately, there are solutions in 

EISs, BSCs, BI and IS to handle the data in a simplified and timely manner. In addition, several tools 

have been proposed in order to alleviate such overwhelming work, some of which are components of 

software of BI. Perhaps the most popular of those are the scorecards, dashboards, and reports. 

Among them, dashboards are a good option due to its simplified features when compared with its 

counterparts.  

3.2. Managers problems 

As managers and administrators manage data in increasing quantity, they are increasingly 

overwhelmed with reports and data produced in series from a multitude of IS from the organizations 

(see Figure 3.1). The problem is further exacerbated when the information display in the reports is 

poorly designed, distracting the attention of the decision-makers. This reality forces managers to 

consider implementing dashboards to alleviate the problem of information overload. 

 

 

 

 

 

 

 

Figure 3.1. Manager handling information. 
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3.3. Foundations for the implementation of a dashboard for REPOX 

As stated before, REPOX has been deployed as Data Provider in the national libraries of Portugal, 

Portuguese institutions (project Europeana Local), and in several European countries. As Aggregator, 

REPOX was used in project DIGMAP and is currently in use in EuDML, TEL (The European Library) 

and Europeana. 

REPOX is a framework for data aggregation, analysis, transformation and sharing, especially 

conceived for the digital libraries’ domain. It can be used by Data Providers to publish Data Sets, by 

Service Providers to harvest Data Sets, or Aggregators to harvest, transform and republish Data Sets. 

The harvesting processes can be conveniently scheduled harvests and monitored, according to 

several options. 

Data transformations (translations) also can be supported by several techniques. REPOX can 

process data in any XML format, with special features for MARC formats (encoded in ISO2709, Marc 

change or MARCXML), Dublin Core based formats, ESE and other common formats in digital libraries. 

A data provider (a library, museum, archive, etc.) can use REPOX as a convenient OAI-PMH 

server. Records can be ingested from local folders or network services such as FTP, HTTP. Moreover, 

REPOX can be used to harvest and manage multiple on-line sources, working as a simple client 

harvester or an aggregator. When used as an Aggregator, REPOX can manage all the Data Providers 

and Data Sources, as well as their most relevant information: country, name, available schemas, 

ingesting method, last ingest, scheduled ingest and number of records. It also can manage processes 

for data consolidation and transformation, for data republishing. 

To be more specific, nowadays, REPOX is used by Europeana and EuDML projects (see Figure 

3.2). These projects have a huge amount of records, just to have an idea; the Europeana project gives 

access in this moment to 20 million metadata records20. Given the amount of information handled, it is 

necessary and desirable to create a dashboard to monitor such information. By doing that and just by 

considering the data from REPOX, it is believed that is possible to validate a dashboard design 

developed in this thesis. 

                                                     
20http://creativecommons.org/weblog/entry/34017 

http://creativecommons.org/weblog/entry/34017
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Figure 3.2. System Architecture of the European Library21 

3.3.1. REPOX interfaces problems 

REPOX has a XML Web services interface (REST). Shows part of the total information about data 

providers stored in REPOX. A good exercise to understand the problem behind the XML file is to 

make a description of the contents of them. For example, in the file stores the features of a Data 

Provider (see Figure 3.3) that contains a unique identifier, name, country and Data Providers types. 

However, there are many Data Providers that are stored in the file with the same characteristics and 

under that interface is hard: (a) to count the Data Providers you have stored, (b) display the type of 

data provider is most used, (c) sort by country the utilization of Data Provider Type. Therefore, it is 

important and necessary to make a transformation of the data, for its potential use in tools such as 

OSBI, readers may consult Chapter 4 for more details on data transformation.  

Figure 3.4 shows the characteristics of Data Set as the identifier, metadata format, schema, 

namespace, last Ingest, isSample, the ingest status, type of ingest, etc. The information displayed in 

the XML file is not easily to read and understand, because the stored Data Sources monitoring is 

unclear, so it is proposed the utilization of presentation and visualization techniques for better 

understanding and easier decision making over the information. 

                                                     
21http://www.theeuropeanlibrary.org/confluence/display/wiki/Operational+Requirements 
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Figure 3.3. Interface Web Services Data Providers 

 

 

Figure 3.4. Interface Web Services Data Sources 
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Figure 3.5 shows the REPOX new graphical interface. In this figure it can be seen some indicators 

such as ingest status, type of ingest, the metadata format that was used, the number of records in the 

XML file, and so on. The information presented is overwhelming and therefore difficult to monitor, for 

example if we want to evaluate the type of metadata format or ingest that is most used, it is necessary 

to use tools for information visualization and presentation such as dashboards. 

 

Figure 3.5. Interface REPOX 

3.4. Dashboard problems 

It is important to mention that the academic researches on dashboards are not in concert with the 

technical development of dashboards, i.e. researches on dashboard are in its infancy. Two of the 

problems that may be caused are: (a) lack of information for researchers to implement and improve 

existing dashboards and (b) foundation of the development of commercial versions of dashboards are 

not established in literature. Figure 3.6 displays two types of dashboards. Figure 3.6a, shows a classic 

type of dashboard; graphics can be compared to the instruments that measure temperature or fuel 

remaining in a car. Currently, dashboards contain graphics, geographical maps, bubbles, etc. that 

facilitate the understanding of information and assist the decision-making process. For example, see 

Figure 3.6b 
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(a) 

 

 
      (b) 

 
Figure 3.6. Evolution of the components of the dashboard 

3.5. Summary of the Chapter 

This chapter presents problems related to the context of the thesis. In short, this chapter delivers 

the foundations for the development of a dashboard that is capable of handling huge amounts of 

transformed data. The dashboard will extract valuable information from this sea of data to assist 

decision-makers by clearly presenting and visualizing important knowledge. 
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4. Proposed Solution 
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The purpose of this thesis is the creation of an operational dashboard for REPOX. With the 

proposed solution, the processes of recollection of bibliographic data will be monitored, the processes 

of settings will be verified (if they are well executed and/or published), and availability of information 

about possible errors and delays will be visualized. 

In general, dozens of dashboard building solutions have sprung up to meet the demand. However, 

yet in the flurry of technology and enthusiasm, little attention has been paid to how to properly design 

dashboards.  

This thesis adopts criteria and dashboards design recommendations obtained from the following 

sources: (a) design tips for dashboards (Rasmussen et al., 2009), (b) guide to creating dashboards 

(People Love to Use22), and (c) Information Dashboard Design (Few, 2006). Finally, the process to 

develop a dashboard that best fits the intention of this thesis is described below. 

4.1. Dashboard Design 

To this point, this thesis has covered general information regarding dashboards, including history, 

purposes, types and the importance of dashboards for organizations. The application areas, including 

KPIs, Data Quality, information presentation, information visualization and current available solution 

technologies for dashboards. Readers can find examples of dashboard implementation in a book by 

(Rasmussen et al., 2009). A set of steps for the implementation of a dashboard for REPOX is 

described as follows. 

 Step 1. This step helps designers to identify user goals and understand the type of 

dashboard that is intended to create. Because this step limits the frontiers of the design, it is 

of paramount importance in the design phase. It is one of the most important steps in 

creating a successful dashboard for the organization. 

 Step 2. In order to achieve users’ goals it is important to recognize the users’ requirements, 

since users requirements are considered to design the dashboard. This step is also 

necessary in the dashboard design phase. 

 Step 3. Ones the users’ goals and requirements are recognized, the process of analyzing 

and selecting the PIs, KPIs, and general metrics must be carried out. This is key step in the 

design process of dashboards, because dashboards contain only metrics such as KPIs and 

PIs. 

 Step 4. The previous step allowed the selection of the metrics from a general point of view. 

However, in order to quantitatively or qualitatively measure data, it is necessary to build a 

database (DB). In many cases, this DB is not easy to handle and requires manipulation of 

                                                     
22http://static.squarespace.com/static/52f42657e4b0b3416ff6b831/t/5310292ce4b08d35a87c9426/139356804442

0/Guide_to_Dashboard_Design.pdf 



39 

 

the representative data. The DB’s sources are identified in relation to the metrics identified in 

Step 3. 

 Step 5. The capability to handle the DB and a good choice of functional features for ideal 

information presentation and visualization allows the production of key metrics. However, 

information presentation and visualization in the dashboard is contingent upon the selected 

solution technology. To this end, an open-source technological solution that includes a 

dashboard, such as the OSBI platforms presented in Chapter 2, will be selected (Lyndsay, 

2012). 

 Step 6. Once the key metrics to be included in the dashboard has been selected, the 

information presentation and visualization should be considered. In this sense, the functional 

characteristics are crucial. A proper selection, including a good choice of chart and table 

style (information presentation) allows an efficient and attractive display of data (information 

visualization). The choice of colors and appropriate typography is not difficult, considering 

recently described concepts of visual characteristics. In short, this step includes the design 

of the main features of the dashboard (function, form, structure and visual features). 

 Step 7. Once the designer has selected the set of metrics to be presented in the dashboard 

through the selected OSBI platform, it is time to perform a layout of metrics for better 

understanding. Finally, at this state, the dashboard design is completed. 

 Step 8. Here, a detailed description of the dashboard for its easy understanding is carried 

out and the documentation written. 

 Step 9. In this step, the full documentation for user training is provided. 

4.2. REPOX Dashboard Purpose (Step 1) 

These sections give detailed description concerning the purpose of the dashboard. This step helps 

designers to identify user goals and understand the type of dashboard that is intended to create. So it 

may say that it is one of the most important steps to creating a successful dashboard for the 

organization. Some questions to help designers to better understand the first step in the design 

procedure for REPOX dashboard are described below. 

4.2.1. Who is my user? 

In REPOX there are 3 different types of user: 

Administrative user. The administrative is responsible for REPOX management, as a service 

installed on a server, which could refer to the resources used by the system (disk space, the size of 

the database, etc.). 

Operator user. The operator can be a library an, who is responsible for the configuration of 

processes; check the status of implementation of processes and data release. 
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Public user. This is an anonymous user, who just does generic checks of the data’s status, i.e. 

whether they were good or not collected. 

4.2.2. What value will the dashboard add? 

A dashboard is currently unavailable for the open-source REPOX. The dashboard to be created 

will facilitate REPOX users’ understanding of data and assist their decision-making process though 

improved information presentation and visualization. 

An operational dashboard will be needed for operational users, while a public dashboard will be 

needed for public users. Both are described in this thesis. 

4.2.3. What type of dashboard am I creating? 

In Chapter 2, the types of dashboards were described. Then, after a detailed analysis of what is 

intended to get with the dashboard for REPOX, in which managers and administrators participated, for 

our case study, an Operational dashboard type is necessary and sufficient. This type of dashboard 

can for example shows the status of the settings, ingest status, etc. 

4.3. User requirements (Step 2) 

The second step is to gain insight into the needs and wants of the operational dashboard users. 

Top team members determine the scope of the project, planning this phase of the project. More details 

of the user requirements are provided as follows: 

Administrative User 

4 The user needs to view the disk space. 

4 The user needs to visualize the size of the database. 

4 The user needs the execution times of ongoing processes. 

4 The user needs to see the stability of the operating system. 

4 The user needs to display the average of calls to operating system. 

4 The user needs to display the status of the ingest process. 

Operational User 

4 The user needs to know the status of the records (Error, Cancel, Running, ok). 

4 The user needs to know number of ingested records. 

4 The user needs to know the time spent in the ingestion. 

4 The user needs to know which the most commonly used protocols to ingest records are. 

4 The user needs to know the status of the records, i.e. if they were deleted or updated. 

Public User 



41 

 

4 The user is interested in a more simplified view of the previous characteristics listed. 

4.4. Selecting the Key Metrics (Step 3) 

As mentioned previously, the essential components of any dashboard are KRAs, KRIs, KPIs, PIs, 

etc. This thesis only considers KPIs and PIs for the construction of the dashboard for REPOX, as this 

type of dashboard is operational. Therefore, important questions must be taken into account: what key 

performance indicators (KPIs) are important to the primary users? What data is needed to support the 

KPIs, and where is that located? A dashboard is more useful if the metrics are measured against 

predefined conditions and thresholds. What are these conditions and thresholds?, etc., are questions 

that should be questioned in the design phase. In order to monitor the data collection process, a set of 

KPIs and PIs, for Aggregator, Data provider, Data Set, and Records were presented in what follows: 

4.4.1. Aggregators (AGG) 

An Aggregator is an entity that aggregates Data Sets from Data Providers, with the purpose of 

making them available also through the OAI-PMH protocol. The system administrator is allowed to 

register and manage Aggregators. The following metrics are usually requested by the operator. 

 Total number of Aggregators, Data Providers, Data Sets and Records. 

 Total Data Providers, Data Sets and Records for each Aggregator. 

 Total monthly amount of Aggregators, Data Providers, Data Sets and Records. 

4.4.2. Data Providers (DP) 

A Data Provider is an entity that contributes with descriptive metadata for Europeana. The 

following metrics are usually requested by the operator. 

 Total Number of Data Providers, Data Sets and Records by country. 

 Total number of Aggregators, Data Providers, Data Sets and Records for each type of 

Data Providers (Museum, Archive, Library, Private, etc). 

4.4.3. Data Sets (DS) 

A Data Set is a set of metadata records provided by a Data provider. A Data Set can be initially 

stored in an OAI-PMH remote server, in a folder of the file system of the server where the REPOX is 

running or available on-line through a URL. REPOX also makes it possible to harvest a data set from 

a Z39.50 server. The following metrics are usually requested by the operator. 

 Total number of Data Sets and Records for each type of Id_Policy ('IdGenerated,' IdProvider', 

'IdExtracted'). 

 Total number of Data Sets and Records by the type of Metadata Format (this, oai_dc, nlm, 

ISO2709, etc). 

 Total number of Data Sets and Records by type of harvesting (Ingest Sample/Ingest Now). 
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 Total number of Data Sets and Records for ingest status (Error/Ok/Warning/Cancel/ 

Running/Not Ingest) 

 Monthly Mapping Data Sets and Records for each type of status (Error/Ok/Warning/Cancel/ 

Running/Not Ingest) 

 Total number of Data Sets and Records for each type of ingests (OAI-PHM/FOLDER/ Z3950). 

 Total number of Data Sets and Records by Method (Folder/FTP/Http/File/Sequence ID, 

Timestamp). 

 The percentage of each type of harvesting (OAI, FOLDER, Z3950). 

 Total number of Data Sets, Records and current status. 

 

4.5. Metadata management (Step 4) 

The architecture of the data is very important. If the available data is collected and understood 

properly, it is possible to achieve good information for the optimization of the effort invested in 

operations of the organization. The capability to handle data is also an important step in the design of 

a dashboard. To manipulate the available data by REPOX web services, it was necessary to 

implement transformation of XML files, see Figure 4.1. The backups resulting from the transformation 

was stored in a DB.                                                                                                                                                                                         

Figure 4.2 shows the relational model of REPOX´s database. 

 

Figure 4.1. REST service transformation to a database 

The above mentioned transformation was completed in Java. It begins with the structure of the 

connection to the database and creation of the DB tables. Information from XML files (using the URL 

of the REST service of REPOX) was then extracted. Finally, the backups were kept in an easily 
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managed DB. In the present case study, for modeling REPOX backups of the database, MySQL 5.2 

was used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                        

Figure 4.2. Relation a model of REPOX database 

4.6. Solution technology selection (Step 5) 

Chapter 2 was partially devoted to the presentation of the potential OS solution technology, in 

which OSBI played an important role. In this step the selection of appropriate solution technology is 

carried out. 

4.6.1. Comparison of OSBI platforms 

Considering the available OSBI platforms described above, it should be remarked that the ones 

that are most suited for our purposes are the OSBI platforms that include dashboards as a main open 

source component. In fact, this is one of the basic requirements to our case study (REPOX). In what 

follows, the methodology to select the right platform for our purposes is described. 

Method of conducting the comparison 

The steps followed for the election of the platform are: 

● From OSBI platforms described in Chapter 2, select a subset of the most promising platforms 

for the purposes of the thesis.  
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● Investigate which platforms meet the minimum requirements for building a dashboard, such as 

including OLAP, etc. 

● Evaluate and perform a comparison of the basic functionalities to create a dashboard by 

considering the work by (Golfarelli, 2009). 

● Evaluate and select the final OSBI platform. 

For evaluating platforms, the present thesis uses a set of metrics. These metrics allowed selection 

of the most appropriated design based on weighted evaluation of the OSBI platforms. The following 

sections detail the selection process. 

4.6.2. Platform’s selection 

For the selection of the platform, an initial survey of existing tools that provide free licensing and 

open source (Free/Open Source) was performed. Free licensing refers to software that can be used, 

copied, and used and/or modified freely, if necessary. Table 4.1 presents the previously described 

OSBI platforms (see Chapter 2) in two versions (community and commercial). Those that both meet 

the dashboard criteria and are free are selected for further analysis. 

Table 4.1. Platforms with dashboard components 

Platforms Community version 

(Dashboards) 

Commercial version 

(Dashboards) 

SpagoBI √ - 

Pentaho √ √ 

Jasper Soft x √ 

Palo (*) (*) 

Openl √ - 

Vanilla √ √ 

Eclipse-Birt (*) √ 

√= Exists as a feature in the tool 

X= Not a feature in the tool 

 (*) = No such distinct component, but a dashboard can be implemented 

- = No commercial version exists 

Comparative analysis  

From the group of 7 OSBI platforms that were analyzed previously, the ones containing the 

component dashboards in its Community Version were chosen. 

The comparative study performed in this section does not take into account the characteristics 

related to Data Base Management System (DBMS), because OSBI platforms work with the most 

used, i.e. SQL Server, Oracle, Postgre SQL, MySQL, etc. For our case study (REPOX), the available 

data were obtained from a Rest Service (such as Data Aggregators, Data Providers, Data Sets, and 
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Records) as stated in the previous step. For using the data, an application processing was 

implemented and programmed in Java. This application allowed real-time backups that were stored in 

database MySQL for later use and analysis.  

Once the platform was, several operational dashboards can be hierarchically implemented. 

Secure management of users through access restrictions for users/roles/groups is important. Here, it 

was not necessary to analyze the appearance and basic functionalities for creating a dashboard, since 

this feature is implemented on the platforms studied.  

To assess OSBI platform components (see Figure 4.3), an analysis of the platforms 

documentation, comparisons in forums, and video tutorials were collected for comparison of usability. 

In addition, a preliminary testing (previous installation) of each platform was performed for a better 

understanding of its functionality. The methodology of platform selection conducted in this section was 

initially presented by (Golfarelli, 2009), and was updated in this thesis. The following main components 

are evaluated: 

● ETL 

● OLAP 

● Dashboards 

● Documentation / Usability 

The indicator to assess the different selected platforms is described below: 

Level 5: The component exists and has a much higher than average functionality. 

Level 4: The component exists and has an average number of functionalities. 

Level 3: The component exists but has little or poor amount of functionality with respect to the mean. 

Level 2: The component is not a functionality of the platform, but can be replaced by another or easily 

implemented. 

Level 1: The component is not found as a feature on the platform and cannot be replaced by another. 

Table 4.2 presents a comparison of ETL, Table 4.3 of OLAP components, Table 4.4 presents 

dashboards components, and Table 4.5 presents a comparison of the usability and documentation 

available on various platforms. 

ETL 

In this section, the ETL tools provided by the platforms are compared. The capacity of extracting 

data from different types of sources, processing, transporting and loading to the data warehouse (DW) 

is evaluated. The following table presents the comparison between each of the platforms and 

evaluation module. 
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Figure 4.3. Reference architecture for OSBI platforms (Golfarelli, 2009). 

Table 4.2 presents the platform functionalities. The most notable is Talend Open Studio (TOS); 

although they provide nearly the same functionality as Pentaho Data Integration (PDI), they have 

some differences and improvements in certain characteristics. 

Table 4.2. ETLs comparison of various platforms 

Platform Tool/ETL Evaluation 

SpagoBI TOS (Talent Open Studio), Oracle Warehouse Buldier and Data 

Stage 

5 

Pentaho Pentaho Data Integration (Kettle) 4 

Openl N/A 2 

Vanilla BiGateway (Standard ETL functions) 4 

 

OLAP 

This section evaluates the OLAP analysis capabilities offered by the platforms. In particular, OSBI 

must have a server engine or buckets and a visual component that allows OLAP operations. 

These components together provide the ability to query large amounts of data in the DW using 

OLAP cubes and in turn allow visually interact with this information. Table 4.3 presents different OLAP 

engine and components PivotTables of platforms. 

 

 

http://community.pentaho.com/
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Table 4.3. OLAPs comparison of various platforms 

Platform Tables Pivot/Motor Evaluation 

SpagoBI JPivot/Mondrian, JPalo/Mondrian, JPivot/XMLA Server 5 

Pentaho JPivot/Mondrian 4 

Openl JPivot/Mondrian - JPivot/XMLA Server 5 

Vanilla Free Analysis engine 4 

 

Dashboards 

In this section, the capabilities of creating and viewing dashboards within each platform are 

assessed. In terms of building tools, the usability is evaluated, and in terms of results, the 

visualization, interactive capacity and functionality of the components obtainable were assessed. 

In Table 4.4, SpagoBI offers a powerful graphical data display, to build real-time dashboards and 

interactive cockpits. Recently, SpagoBI (2012) presented a new highly dynamic graphics engine, 

which makes it more user-friendly and effective. In the present analysis, this factor results in an 

increase in evaluation weight compared with the SpagoBI studied by (Golfarelli, 2009). 

Table 4.4. Building capabilities of dashboard visualization. 

Platform Building/Viewing Dashboards Evaluation 

SpagoBI Open Lazlo, Tibco, JfreeChart, HighCharts, KPI, ExtJSCharts, 

Cockpits, Geo, GeoReport. 

5 

Pentaho CDF, JfreeChart, CCC Charts, Google Maps  4 

Openl Openl, JfreeChart 3 

Vanilla Free Dashboard engine, Birt, Google map integration and 

Map Engines 

4 

 

Documentation / Usability 

In this section, the amount of information that is provided by each of the distributors on the 

platforms is evaluated, as well as external references obtained such as forums, bibliographies, 

tutorials, blogs, wikis, and more.  

Evaluating the usability of the components platforms seeks to measure the ease or complexity 

with which people use each of the platforms tools; (see Table 4.5). 

http://community.pentaho.com/
http://community.pentaho.com/
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Table 4.5. Amount of documents in each platform 

 

4.6.3. Evaluation and final selection of the platform 

In the final evaluation, the discussed criteria were considered. Although the individually analyzed 

platforms were evaluated relative to each other, the comprehensive evaluation of the components 

allowed a choice of the most suitable platform for this purpose, considering the final average of each 

platform, as noted in Table 4.6. SpagoBI and Pentaho appear to be good choices. SpagoBI was 

selected as the ideal choice thanks to its ability to create dynamic dashboards with drill down 

capabilities. In addition, this platform has large advantages in architecture; most of its components are 

distributed and is entirely OS, while Pentaho has integrated most of its components and the 

components are only partially available. 

Table 4.6. Final comparison of the platforms 

 

4.7. Design Features (Step 6) 

In the design process of a dashboard, it is important to think about how the information should be 

presented and visualized. In this sense, the design features play an important role. A proper selection 

of functional features to achieve good information presentation and visualization allows for an efficient 

and attractive dashboard. 

At this point, it is important to mention that a dashboard is full of information. This information can 

be presented as KPIs and PIs. Normally, each KPI represent one area of information that can be 

Platform Documentation /Usability Evaluation 

SpagoBI Complete documentation, Website, Forums, Papers, wiki, 

external blogs, tutorials 

3 

Pentaho Complete documentation, Website, Forums, Papers, wiki, 

external blogs, Bibliography, tutorials. 

5 

Openl Partial documentation, Mail Advisors, external blogs 3 

Vanilla Partial Documentation, Website, external blogs, Forums 4 

Platform ETL OLAP Dashboard Documentation/Usability Evaluation 

SpagoBI 5 5 5 3 4.50 

Pentaho 4 4 4 5 4.25 

Openl 2 5 3 3 3.25 

Vanilla 4 4 4 4 4.00 

http://community.pentaho.com/
http://community.pentaho.com/
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presented as a table or graphic, and visualized in such way that it can help facilitate understanding. 

Consequently, this section will focus in just one area of information on the dashboard, and discuss its 

presentation and visualization. 

4.7.1. Information presentation design 

Information can be presented in many different ways, such as numbers, graphs, tables and bars.                                                                                                                                                                                          

Figure 4.4 shows three information presentation types (see the options at the right side). It can be 

seen that all of them represent the same information but presented in different format. 

Presentation format flexibility is the ability to view data in different ways, e.g. (tables or graphs) 

point-and-click, e.g. (a drill down). This kind of features can be achieved in OSBI platforms with 

dashboards implemented. Moreover, real-time notifications and alerts are also important for users.  

The information utilized in monitoring REPOX has data obtained in real-time, so it is possible to 

detect problems that occur in the process of ingest. Alerts may also implement in a dashboard. 

However, thresholds are needed to accomplish this, which will be discussed and defined in further 

improvements of the present dashboards. These features can also be achieved in OSBI platforms. 

 

                                                                                                                                                                                         

Figure 4.4. Presentation format type 
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Regarding drilling down capabilities, i.e. ability to display general to more detailed information (see 

Figure 4.5), it should be stated that this feature can only be achieved in some OSBI platforms. This 

aspect should be also considered when an open source solution technology is used. For example, 

shows the ingest types (OAI-PHM, Folder, Z3950) that were utilized to ingest Data Sets and Records 

after a drill down procedure 

 

Figure 4.5.  Drill down capabilities 

4.7.2. Information visualization design 

Information visualization is an important component of the information presentation discussed 

above. The design of the information visualization helps to avoid distraction and improve 

comprehension of given information displayed on a dashboard. Consequently, even if there is a fit (i.e. 

all the required information and features are available to the user), a poor visual design, e.g. 

(excessive use of colours, low data-to-ink ratio, etc.) may confuse and distract the user. Therefore, 

visual features help to facilitate understanding of any given information. 

In most of the cases, it is necessary to have simple page or one glance view of the information 

provided in a dashboard. The idea is to concentrate on a single page all the facts and figures. 

Information should be visualized in a simple manner, and show the most important facts by 

highlighting “key factors” that deserve the user’s attention. The key idea is to facilitate decision-making 

for better results. Figure 4.6, shows a simple page view of a dashboard for REPOX. 

Frugal use of colours, i.e. the correct use of colour scheme, and preattentive variables to 

emphasize important information facilitate the understanding of the information. A poor choice of color 

scheme can produce distraction and cause consuming time labor for managers. Figure 4.7 shows 

different types of information visualization of the same data with different options of colours, data-to-

ink ratio, etc. 
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Figure 4.6. Simple page 

 

Figure 4.7. Frugal use of colors 
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Other aspects related to information visualization, such as fonts, font size, Low and High Data-Ink 

ratio, and use of grid lines for 2D & 3D graphs described in Chapter 3, should be considered in the 

information visualization design. Figure 4.8 to Figure 4.24 shows some information obtained based on 

the information presentation and visualization recommendations described above. They were further 

evaluated in Chapter 5. 

 In the following section, potential data presentation for the dashboard is presented. This 

information was obtained based on information presentation and visualization concepts. Some 

examples are presented below, and the reader may find more information Chapter 5 and in Appendix 

A 

Aggregators, Data Providers, Data Sets and Records 

Figure 4.8 displays the total number of Aggregators, Data Providers containing Aggregators, and 

current Data Sets.  

 

Figure 4.8. Aggregators, Data Providers, Data Sets and Records 

Data Providers, Data Sets and Records by Aggregators 

                                                                                                                                                                               

Figure 4.9 displays the total number of Data Providers, Data sets and Records for each Aggregator.  

 

                                                                                                                                                                               

Figure 4.9. Data Providers, Data Sets and Records by Aggregators 
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Data Provider types 

In Figure 4.10, the number of aggregators, Data Providers, Data Sets and Records for each type 

of Data Providers is displayed. Examples of Data Providers are: Museum, Library, Archive, 

Audio_Visual_Archive, Private, etc. 

 

Figure 4.10. Data Provider types 

Data Providers, Data Sets and Records by Country 

In Figure 4.11 displays the country which has the largest number of Data Providers, Data Sets and 

total Records is displayed. 

 

Figure 4.11. Data Providers, Data Sets and Records by Country 

Aggregators, Data Providers, Data Sets and Records by Months 

In Figure 4.12 the number of Aggregators, Data Providers, Data Sets and Records that is ingested 

each month, is displayed. 
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Figure 4.12. Aggregators, Data Providers, Data Sets and Records by Months 

Data Sets and Records by Day 

In Figure 4.13 shows the total number of Data Sets that were created with the total number of 

records ingested per day. 

 

Figure 4.13. Data Sets and Records by Day 

Type Collection, Data Sets and Records 

In Figure 4.14, shows the number of Data Sets that was ingested by the Collection type, with the 

total number of Records, is displayed. 

 

Figure 4.14. Type Collection, Data Sets and Records 

Metadata Format, Data Sets and Records 

In Figure 4.15, shows the number of Data Sets that were ingested using Metadata Format and the 

total Records, is displayed. 
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Figure 4.15. Metadata Format, Data Sets and Records 

Ingest Status, Data Sets and Records 

In Figure 4.16, shows the total number of Data Sets and their status is displayed. When, for 

example, an ingest is done the following status can be outlined: "OK", "ERROR", "CANCELED", 

"WARNING", "RUNNING", "NOT INGEST" along with the total number of records. 

 

Figure 4.16. Status Ingest, Data Sets and Records 

 

Data Sets, Records and Ingest Time by Month 

In Figure 4.17 shows the total number of records that took place over a period of time, and also 

the deleted records. 

 

Figure 4.17. Data Sets, Records and Ingest Time by Month 
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Ingest type of Data Set and Records 

In Figure 4.18 shows the status of the ingest with the total number of Data Sets and Records. 

 

Figure 4.18. Ingest Type of Data Set and Records  

Data Sets and Records by Ingest Methods 

In Figure 4.19 shows the Data Sets and Records by ingest method, i.e. Folder, Ftp, Idlist, 

Idsequence, etc.  

 

Figure 4.19. Data Sets and Records by Ingest Methods 

Data Sets and Records by Policy 

In Figure 4.20 displays the total number of Data Sets and Records performed when ingesting by 

type of policy.  

 

Figure 4.20. Data Sets and Records by Policy 

Mapping of Ingest Type, Data Sets, Records and Status 

In Figure 4.21 shows all the Ingest Type, Data Sets, Records and the Status, i.e. “Ok, Error, Cancel, 

Warning”. 
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Figure 4.21. Ingest Type, Data Sets, Records and Status 

Multiple interesting ideas and recommendations for implementing the presentation and 

visualization of information on a dashboard exist. Consequently, it is important to evaluate the 

proposed presentation and display of information that will be used as an example in this case study, 

the dashboard for REPOX. Chapter 5 will evaluate these issues for two different operational 

dashboards. 

4.8. Layout design (Step 7) 

Metrics (KPIs and PIs) are essential to building a dashboard for REPOX. This step schematically 

distributes KPIs (layout design) for the ultimate goal of this thesis, i.e. a dashboard for REPOX. 

The layout of this dashboard is as follows: 

 At the top (horizontally) the most important KPIs are given. When any interface is viewed 

by a user, the first glance is directed towards the top of the interface and for this reason; 

metrics of importance are fixed at the top of the dashboard. Obviously, the presentation of 

such information should be given along with simplicity and adequate read mode. This last 

aspect will be seen in step 9. Metrics can be presented in the form of bars, columns, 

tables, pie charts, line graphs, etc. 
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The most important metrics of our case study were selected through a survey that was given to 

users of REPOX. Statistical analysis related to the evaluation can be viewed in Chapter 5. 

 At the middle part (horizontally), metrics with a good level of importance is normally found. 

The information contained in the metrics is read after the first section, described in the 

previous paragraph. 

 At the bottom part (horizontally), metrics with show a level of importance corresponding to 

the hierarchy shown in the previous two paragraphs are usually shown. Typically, users 

see this type of information at the end of an interface. 

4.9. Deploy the dashboard (Step 8) 

A dashboard that displays daily information is typically used to monitor Week-to-Date, Month-to-

Date, Quarter-to-Date, or Year-to-Date progressions. This type of data is frequently displayed in 

operational dashboards. 

An operational dashboard helps managers understand their daily operations from various views 

and angles. This type of dashboard usually includes many charts and graphs. One major 

characteristic of an operational dashboard is that it combines data from multiple sources. 

Operational Dashboard 

An Operative User views information daily, to find the information status, characteristics, etc. In 

Figure 4.22, Dashboard for a type of operational user is shown. In this dashboard general information 

of REPOX ingest process is displayed. 

 

Figure 4.22. Dashboard for Operational user 



59 

 

 

Public Dashboard 

A Public user does not need much information regarding REPOX. For them basic information such 

as the status is more useful. Figure 4.23 shows a dashboard for public user. 

 

Figure 4.23. Dashboard for Public User 

4.10. Users training (Step 9) 

This section describes a fast and practical way to read information from the metrics of the 

dashboard for Operative users. The following describes details of how the information should be read 

in such Operational dashboard.  

At this level, dashboards were already designed based on the previous steps. In step 7, the 

dashboards metrics were distributed hierarchically, containing three main parts. Based on this 

structure, the following describes details of facilitating reading of information in the metrics. According 

to the parts (locations): 

Top part 

At the top of Figure 4.24 can be visualized the most important indicators of REPOX. 

 The Indicator 14 (I14 in Figure 4.24) presents information regarding the Ingest Type, Data 

Sets, Records and the Status of REPOX, i.e. “Ok, Error, Cancel, Warning”. For example, in 

Figure 4.24, I14 represents the type of ingest "FOLDER" with the name of Data Set "folderb2" 

with a number of Records "689" and state "OK". 

 The Indicator 1 (I1 in Figure 4.24) presents the total number of Aggregators, Data Providers 

containing Aggregators, and current Data Sets. For example in Figure 4.24, I1 represents the 

number of Aggregators "6", the number of Data Providers "18", the number of Data Sets "47" 

and the number of Records "287784". 



60 

 

 The Indicator 6 (I6 in Figure 4.24) presents the number of Data Sets that were ingested using 

Metadata Format and the total Records. For example in Figure 4.24, I6 represents the number 

of Data Sets "25", the metadata Format "oai_dc" and the number of Records "171548". 

Middle part 

At the middle part of Figure 4.24, indicators I8, I11 and I12 of REPOX can be seen 

 The Indicator 8 (I8) presents the total number of Data Sets and their status. When, for 

example, an ingest is done the following status can be outlined: "OK", "ERROR", 

"CANCELED", "WARNING", "RUNNING", "NOT INGEST" along with the total number of 

records. For example in Figure 4.24, I8 presents in its first row the total number of Data Sets 

"43" with Status "OK with the number of Records "287561". The second row presents the total 

number of Data Sets "3", with Status of "NOT INGEST" with obviously the number of Records 

"0". The third row represents the number of Data Set "3", with Status "ERROR" with the 

number of Records "25". The fourth row represents the number of Data Set "1", with Status 

"CANCEL” with the number of Records "198". 

 The Indicator 11 (I11) presents the type of ingest with the total number of Data Sets and 

Records. For example in Figure 4.24, I11 presents in its first row the number of Data Sets "30" 

using the type of ingest "OAI-PMH" and the number of Records "177227". In the second row 

the number of Data Sets “11”, using the type of ingests "FOLDER" and the number of Records 

"105519". In the third row the number of Data Sets “6”, using the type of ingests "Z39-50" and 

the number of Records "5038". 

 The Indicator 12 (I12) presents the Data Sets and Records by ingest method, i.e. Folder, Ftp, 

Idlist, Idsequence, etc. For example in Figure 4.24, the I12 in the first row presents the number 

of Data Sets "8", using the type of ingest "FOLDER",  method type "Folder" and a number of 

Records "104314". In the second row the number of Data Sets “3”, using the type of ingests 

"FOLDER", method type "ftp" and the number of Records "1205". In the third row the number 

of Data Sets "2", using the type of ingest "Z39-50", method type "Idlist" and a number of 

Records "40". In the fourth row the number of Data Sets "4", using the type of ingest "Z39-50", 

method type "IdSequence" and a number of Records "4998". 

Bottom part 

 The Indicator (I3) shows the number of aggregators, Data Providers, Data Sets and Records 

for each type of Data Providers is displayed. Examples of Data Providers are: Museum, 

Library, Archive, Audio_Visual_Archive, Private, etc. This figure has double coordinates “y”, 

each of these ordinate possess two different types of metrics. At the left side of the chart, 

information regarding aggregators and Data Providers as a function of Data Providers types 
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are given, respectively. In the other hand, at the right side of the chart, information regarding 

Data Sets and Records as a function of Data Providers types is given, respectively.  

 The Indicator (I2) displays the number of Aggregators, Data Providers, Data Sets and Records 

that is ingested each month. This figure has also double coordinates “y”, each of these 

ordinate possess two different types of metrics that are obtained by month. At the left side of 

the chart, information regarding Aggregators and Data Providers by month is shown. In the 

other hand, at the right side of the chart, information regarding Data Sets and Records by 

month, respectively.  

 

Figure 4.24. Description of metrics of a dashboard for operational user 
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5  
5. Evaluation 
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This chapter starts by explaining the evaluating methodology followed to test the developed work. 

The chapter ends with the results and their analysis. 

5.1. Methodology 

As the present thesis aims to develop a dashboard for REPOX by including good key metrics 

along with good information presentation and visualization, a user study was conducted to evaluate its 

usability and effectiveness. To this end, two evaluations (part 1 and 2) were carried out. The first part 

evaluates general aspects related to information presentation and visualization. The second part 

evaluates the degree of importance of the metrics for REPOX. Details of these evaluations will be 

given in the following section. 

5.1.1. Types of evaluation 

As stated above, two types of evaluation were conducted. For the first evaluation (part 1), four 

different formats of evaluation were built.  

Each of the four evaluation formats described above includes three different Options in terms of 

information visualization and presentation (Option 1, 2 and 3). These formats of evaluation were 

prepared to provide choices and receive help in defining the appropriate format of further use of the 

REPOX dashboard. 

The second evaluation (part 2) is to select the most important metrics from users’ point of view. 

For this evaluation, a similar format to that used in Part 1 was built.  

5.1.2. Participants 

Participants who took part in the evaluation are users with knowledge of REPOX. The results of 

the study were obtained from a population of 8 users. Based on the results of the assessment, it was 

found that participants had a mean age of 33 years (between 25 and 40), 40% female and 60% male. 

Users who had replied to the questionnaires have different kind of experience in the use of REPOX, 

40% user of Data Provider, 20% work as administrator, and 40% as public user. 

5.1.3. Main study procedure  

All the evaluations were conducted online (four different evaluation formats for part 1 and three 

evaluation formats for part 2), with a single participant at any one time and lasting on average 10 

minutes.  

The format of evaluation started with a brief description of what is intended to find with the 

evaluation. The users were then directed to Option 1 and their accompanying questions, Option 2 and 

their questions, and so on. After completing the ranking of the set of Options (1-3), they would move to 

the next format of evaluation. After all the evaluation format testing the users completed the final 

survey to record background and satisfaction data.  
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5.1.4. Statistics study procedure  

When a participant concluded the main task set for the Option 3 in each format of evaluation, the 

statistics study would follow. Regarding the evaluation part 2, the evaluation concluded when the 

participants finished ranking the 15 KPI subjected to evaluation. The mean and the standard deviation 

were considered for the statistical analysis. 

5.2. Evaluation 

As stated above the first evaluation formats aim to select a good information presentation and 

visualization techniques which can be adopted for further uses in REPOX. The evaluation considered 

four different formats. The following aspects are intended to be evaluated in each format (see Figure 

5.1): 

● The first format of evaluation is to evaluate the effectiveness of the perception of the 

information in graphs for a generic metadata aggregator. In particular, it intends to 

evaluate the effectiveness of each technique, scheme color, gridlines and data-to-ink 

ratio. The three Options intend to represent, the total number, by COUNTRY, of Data 

Providers, Data Sets and Records ingested by a particular metadata aggregator. 

● The second format of evaluation is to evaluate the effectiveness of the perception of the 

information for a generic metadata aggregator. In particular, it intends to evaluate the 

effectiveness the grid lines and fonts in the tables to present this kind of information. 

● The third format of evaluation is to evaluate the effectiveness of the information 

presentation (table vs. graphs) for a generic metadata aggregator. In particular, it intends 

to evaluate the effectiveness of each technique, scheme color, gridlines, fonts, contrast 

and data-to-ink ratio. 

● In the last format of evaluation the target is evaluate the effectiveness of the perception of 

the information for a generic metadata aggregator. In particular, it intends to evaluate the 

effectiveness of each technique, scheme color, gridlines and data-to-ink ratio. 

In each format of evaluation, three different Options to be ranked are given. Each evaluation 

format (with different options) attempts to evaluate different techniques of presentation of information, 

which are important when designing, for example, a dashboard. The Options are described in what 

follows. 

 Option 1: This is the choice obtained from the present studies, i.e. good engineering 

practices on information presentations and visualization.  

 Option 2: This is commonly used in the literature. Its use is in debate. 

 Option 3: This is an alternative option also used in the literature.  
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3.  

Figure 5.1.  Evaluation format layout. Options (red boxes) and Questionnaire (blue box). 

The formats of evaluation also have some questions that allow participants to rank the Options. 

Ranking from very low (1) to very high (7) accordingly and following the method by Likert (John, 2012). 

In this case, with six questions is intended to find the preference of users, i.e. the option that helps to 

perceive information in short time and with simplicity and clarity. Also, if the color is used sparingly, 

and the good use of color schema. 

A user satisfaction questionnaire was completed by the participants at the end of the session. To 

improve the methodological rigor, some statements were asked in a favorable way toward the 
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prototypes tested and some were phrased in a negative manner. Responses were collected using a 7-

point Likert scale with 1 = Very Low and 7 = Very High as it is follows, see blue box in Figure 5.1.  

In order to improve readability, questions which required a lower response to reflect a positive 

satisfaction were flipped prior to analysis, e.g. (if the user rated a question with 1, meaning the highest 

possible value, it was flipped to 7). A post-hoc analysis of the satisfaction ratings allowed the averages 

of the user satisfaction ratings and their standard deviation (σ). 

The evaluation part 2 is similar to the first one, with the exception of the target and number of 

options for each format of evaluation. The questionnaire was also different. 

5.3. Results and Discussion 

5.3.1. Current state 

Although the dashboard principal design was not yet presented, comments on the dashboard 

solution technologies along with good techniques for information presentation and visualization were 

given. At the end of this section, as a result of the present analysis, a dashboard containing ranked 

metrics for REPOX will be presented 

5.3.2. Statistical analysis of the first evaluation 

In Figure 5.2 the first format of evaluation is shown. The target of evaluation is the effectiveness of 

the perception of the information for a generic metadata aggregator. In particular, it intends to evaluate 

the effectiveness of each technique, scheme color, gridlines and data-to-ink ratio. The three Options 

intend to represent, the total number, by COUNTRY, of Data Providers, Data Sets and Records 

ingested by a particular metadata aggregator. The last three formats of evaluation corresponding to 

this part are shown in the Appendix A. 

In Table 5.1 the questions and evaluation results of the eight members of the first evaluation 

format (Option 1, see Figure 5.2) is presented. Results of the other options (2 and 3) are in Appendix 

A. This table presents the user preference for Option 1. For example, question 1 assesses the 

difficulty of understanding the information; 5 users chose a score of 1, which means that all users are 

fully disagree with that information is hard to understand, i.e. they think that is not difficult to 

understand the information shown in that graph; 1 user ponder 2, which means that somewhat 

disagree that information is hard to understand; 1 ponder with 4 meaning that the user is indifferent. 

Finally, 6.29 is the partial average of the first question (see Table 5.1). The remaining partial averages 

were obtained similarly. The final average for the Option 1 is 5.74. The final choice will result from the 

statistical comparison of the final results of the three options. 
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Figure 5.2.  First evaluation format 1 (Evaluation part 1)  
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Table 5.1. Comparison of the Option 1. 

All the satisfaction data is included in Table 5.1 (Note: the questions are the original from the 

survey, but, for this table, higher ratings always indicate higher satisfaction). The overall average 

ratings for each Options belonging to the first format of evaluation (part 1) can be seen in Figure 5.3. 

Table 5.2. Average user satisfaction ratings for the 3 Options (first format of evaluation). 

Survey Question  Option 1 Option 2 Option 3 

Difficulty in perceiving the information 6,29 4,86 4,71 

Amount of time needed to understand the 

information 

6,29 5,57 5,00 

Clarity of presentation of graphic elements 6,00 4,57 3,43 

Simplicity of the presented information  6,00 4,29 4,43 

The color is used so sparingly 4,43 5,29 5,00 

Adequation for the color scheme 5,43 5,86 5,43 

A post-hoc analysis of the satisfaction ratings for the first format of evaluation allowed the plotting 

of the chart shown in Figure 5.3. Both the averages of the user satisfaction ratings and their standard 

deviation (σ) are shown. Option 1 was rated significantly higher than each of the other versions. The  

Preguntas  Option 1 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 

1. Difficulty in perceiving 

the information 

5 1 1 2 0 3 0 4 1 5 0 6 0 7 6,29 

2. Amount of time 

needed to understand 

the information 

4 1 2 2 0 3 1 4 0 5 0 6 0 7 6,29 

3. Clarity of presentation      

of graphic elements 

0 1 0 2 0 3 1 4 0 5 4 6 2 7 6 

4. Simplicity of the 

presented information 

(not overwhelming) 

0 1 0 2 1 3 0 4 0 5 3 6 3 7 6 

5. The color is used so 

sparingly 

0 1 0 2 1 3 4 4 1 5 0 6 1 7 4,43 

6. Adequation for the 

color scheme 

0 1 0 2 0 3 2 4 2 5 1 6 2 7 5,43 

               5.74 



69 

 

standard deviations were low for all Options (Option 1: σ=0.71; Option 2: σ=0.60; Option 3: σ=0.69), 

representing a good accuracy for the results.  

 

Figure 5.3.  Average user satisfaction ratings, format of evaluation 1.   

Since Option 1 was selected in the first format of evaluation (part 1), as a result, it can be said that 

the perception of the information in graphs is easier when vertical bars are taken into account along 

with the information visualization technique. Consequently, the scheme color, gridlines and data-to-ink 

ratio, used in the first format of evaluation should be further considered. Figure 5.4 shows the 

averages of the user satisfaction ratings and their standard deviation (σ) for the second format of 

evaluation (part 1). 

 

Figure 5.4.  Average user satisfaction ratings, format of evaluation 2.   

Option 2 was rated significantly higher than the other Options. However, its standard deviation is 

large. Consequently, further user satisfaction analysis needs to carry out to get the target of this 

evaluation. However, in Figure 5.5 shows the averages of the user satisfaction ratings and their 
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standard deviation (σ) for the third format of evaluation (evaluation part 1). As it is known the format of 

evaluation in this case is for evaluate the effectiveness of the information presentation (table vs 

graphs) for a generic metadata aggregator. Option 3 was rated significantly higher than Option 1, but 

slightly higher than Option 2, and the standard deviation is less than 1. It means two thinks: (a) User 

prefers tables as in Option 3, which give light on the previous analysis on information presentation 

(tables); and (b) user prefer graphs in bars, supporting the conclusion in the first format of evaluation.  

 

Figure 5.5.  Average user satisfaction ratings, format of evaluation 3.   

Figure 5.6 shows the averages of the user satisfaction ratings and their standard deviation (σ) for 

the fourth format of evaluation (evaluation part 1). Option 3 was rated significantly higher than Option 

1, and slightly than Option 2. However, this time, Option 3 has both the highest average value and the 

smallest standard deviation. Then Option 3 is selected. 

 

Figure 5.6.  Average user satisfaction ratings, format of evaluation 4.   
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Since Option 3 was selected in the fourth format of evaluation (part 1), as a result, it can be said 

that the perception of the visualization of information is easier when the scheme color, gridlines and 

data-to-ink ratio as used Option 3 is considered. It is important to notice that both vertical and 

horizontal gridlines are shown in this Option, but horizontal ones are just necessary. So user could 

select Option 2. However the color schemes perhaps were decisive.  

5.3.3. Statistical analysis of the second evaluation 

The second survey is to choice indicators with higher priority, (see Table 5.3). The evaluation 

points were: relevance of the information shown, easiness of understanding the information, and 

confusion generated by the amount of information. 

Table 5.3. Comparison of the Indicators 

Indicators Description Avrg 

Indicator 14 Mapping of Ingest Type, Data Sets, Records and Status 6,3 

Indicator 1 Aggregators, Data Providers, Data Sets and Records    6,1 

Indicator 6 Metadata Format, Data Sets and Records  6,0 

Indicator 8 Status Ingest, Data Sets and Records 5,9 

Indicator 11 Ingest type of Data Set and Records  5,8 

Indicator 12 Data Sets and Records by Ingest Methods   5,6 

Indicator 10 Data Sets and Records by Day  5,5 

Indicator 2 Aggregators, Data Providers, Data Sets and Records by Months  5,4 

Indicator 3 Data Provider types  5,3 

Indicator 7 Type Collection, Data Sets and Records  5,2 

Indicator 13 Data Sets, Records and Ingest Time by Month  5,1 

Indicator 9 El porcentaje del uso del canal del ingest  4,8 

Indicator 4 Data Providers, Data Sets and Records by Country  4,4 

Indicator 5 Data Providers, Data Sets and Records by Aggregators  3,9 

 

5.3.4. REPOX dashboards 

In what follows the two types of dashboard are shown. It is important to remark that the iterative 

viewing changes of SpagoBI need to be improved further. Because it was difficult to have flexibility 

when distributing the KPIs of the dashboard (see Figure 5.7) and (see Figure 5.8) were obtained after 

several trials, and still the author think that it can be improved further. Jasper Soft has such flexibility 

but it is not open source at all. 

5.4. Summary of the Chapter 

This chapter presented the user study conducted to test the proposed solution of this dissertation. 

It started by explaining the methodology followed in various steps. Finally, two proposed dashboard 

were shown. 
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Figure 5.7.  Dashboard for Public User 

 

Figure 5.8.  Dashboard for Operational user 
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6 
6. Conclusions 
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Conclusion and Future Work 

An unavailable operational dashboard for REPOX is presented in the context of this thesis. A 

solution methodology, based on OSBI Platforms and good information presentation visualization along 

with ranked metrics is used to build the dashboard. Evaluation procedures support the thesis output 

and following conclusion: 

 OSBI platforms are still not as sophisticated as commercial ones, as it can be verified 

when the layout of the dashboard design is faced. However, it can be stated that they got 

a sufficient level of reliability and must be considered a valid alternative to commercial 

suites. According to their road maps and evolution trends OSBI platforms will equal 

commercial ones in a few years.  

 The SpagoBI OSBI platforms appear to be the best choice when an evaluation procedure 

is carried out. SpagoBI makes available a remarkable number of BI functionalities even if 

it adopts a free open source model. As concerns the functionalities offered to the users 

SpagoBI is comparable to the enterprise editions by Jasper and Pentaho.  

 Good engineering practices on Information presentation and visualization should be 

considered to improve dashboards due to the limited academic research on the topic. The 

evaluation procedure of the dashboard corroborated this need. Fortunately, interesting 

academic research on the topic exists and similar work as performed in this thesis can be 

carried out. 

 A usability study, run with REPOX users, systematically investigated the various 

information presentation styles along with the degree of importance of the metrics to be 

used in a dashboard. The study participants were monitored while performing pre-defined 

task sets in seven different format of evaluation of metrics, and afterwards completed a 

satisfaction survey.  

 Study results revealed a significant support for good engineering practices on information 

visualization and presentation for dashboard, which supports the further research on the 

open topic. In addition, user satisfaction ratings corroborated those performance results, 

with the current present information presentation of and visualization receiving 

significantly higher ratings than the common ones. Results from study participants 

assured the validity and usefulness of the present information presentation and 

visualization, but still some usability issues were observed and should be addressed in 

future designs.  

Overall results show that, although being clearly a work in progress, the style how the information 

are presented and visualized are valid in helping to understand the metrics contained in the dashboard 

for REPOX.  
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Future work can be in two areas. 

Academic 

Research on information presentation and visualization of dashboards. Implement a massive 

usability evaluation procedure as in the present thesis with the potential contributions. 

Industrial 

Implement the layout flexibility, and information presentation and visualization of OSBI platforms 

such as SpagoBI. 
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Appendix A – Format of evaluation 

Format of evaluation 1 

 

 

 

 

 

 

 

 

 

 

Question Option 2 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 
1. Difficulty in perceiving the 
information 

2 1 1 2 2 3 0 4 1 5 0 6 1 7 4,86 

2. Amount of time needed to 
understand the information 

2 1 1 2 3 3 1 4 0 5 0 6 0 7 5,57 

3. Clarity of presentation of 
graphic elements 

0 1 1 2 0 3 3 4 1 5 1 6 1 7 4,57 

4. Simplicity of the presented 
information (not 
overwhelming) 

0 1 0 2 2 3 2 4 2 5 1 6 0 7 4,29 

5. The color is used so 
sparingly 

0 1 0 2 0 3 3 4 1 5 1 6 2 7 5,29 

6. Adequation for the color 
scheme 

0 1 0 2 0 3 2 4 0 5 2 6 3 7 5,86 

               5,1 

Question Option 3 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 
1. Difficulty in perceiving the 
information 

1 1 2 2 1 3 1 4 1 5 1 6 0 7 4,71 

2. Amount of time needed to 
understand the information 

1 1 2 2 2 3 0 4 2 5 0 6 0 7 5,00 

3. Clarity of presentation of 
graphic elements 

0 1 3 2 0 3 0 4 2 5 0 6 1 7 3,43 

4. Simplicity of the presented 
information (not 
overwhelming) 

0 1 0 2 4 3 0 4 0 5 2 6 1 7 4,43 

5. The color is used so 
sparingly 

0 1 0 2 0 3 3 4 2 5 1 6 1 7 5,00 

6. Adequation for the color 
scheme 

0 1 0 2 1 3 1 4 1 5 2 6 2 7 5,43 

               4.70 
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Format of evaluation 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question Option 1 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 

1. The elements of table 
distract your attention  

1 1 2 2 1 3 1 4 1 5 1 6 0 7 4,71 

2. The type of table helps to 
have better perception of the 
information  

1 1 2 2 2 3 0 4 2 5 0 6 0 7 3 

3. Confusion generated by 
unneeded elements  

1 1 3 2 0 3 0 4 2 5 0 6 1 7 4,57 

               4,1 
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Question Option 2 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 

1. The elements of table 
distract your attention  

4 1 2 2 0 3 0 4 0 5 0 6 1 7 5,86 

2. The type of table helps to 
have better perception of the 
information  

1 1 1 2 1 3 2 4 0 5 1 6 1 7 3,86 

3. Confusion generated by 
unneeded elements  

6 1 0 2 0 3 0 4 1 5 0 6 0 7 6,43 

               5,4 

Question Option 3 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc  

1. The elements of table 
distract your attention  

4 1 0 2 1 3 0 4 1 5 1 6 0 7 5,43 

2. The type of table helps to 
have better perception of the 
information  

2 1 1 2 0 3 1 4 1 5 0 6 2 7 3,86 

3. Confusion generated by 
unneeded elements  

5 1 0 2 1 3 0 4 0 5 0 6 1 7 5,86 

               5,0 
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Format of evaluation 3 
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Format of evaluation 4 

 

 

 

Question Option 1 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc  
1. Difficulty in perceiving the 
information  

2 1 1 2 0 3 0 4 1 5 2 6 2 7 4,14 

2. Amount of time needed to 
understand the information  

1 1 1 2 1 3 0 4 0 5 2 6 2 7 3,43 

3. Confusion generated by 
unneeded elements  

1 1 1 2 1 3 0 4 2 5 2 6 0 7 4 

4. The amount of information 
overwhelms  

2 1 1 2 1 3 0 4 1 5 2 6 0 7 4,57 

5,The type of format (graphs 
vs. Tables) helps to 
understand the information 

3 1 1 2 0 3 1 4 1 5 0 6 1 7 3 

               3,8 

Question Option 2 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc  
1. Difficulty in perceiving the 
information  

3 1 1 2 1 3 2 4 0 5 0 6 0 7 5,71 

2. Amount of time needed to 
understand the information  

3 1 1 2 2 3 0 4 0 5 1 6 0 7 5,57 

3. Confusion generated by 
unneeded elements  

3 1 1 2 2 3 0 4 1 5 0 6 0 7 5,71 

4. The amount of information 
overwhelms  

3 1 1 2 2 3 1 4 0 5 0 6 0 7 5,86 

5,The type of format (graphs 
vs. Tables) helps to 
understand the information 

1 1 0 2 0 3 1 4 3 5 1 6 1 7 4,71 

               5,5 

Question Option 3 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc  
1. Difficulty in perceiving the 
information  

5 1 1 2 0 3 1 4 0 5 0 6 0 7 6,43 

2. Amount of time needed to 
understand the information  

6 1 0 2 0 3 1 4 0 5 0 6 0 7 6,57 

3. Confusion generated by 
unneeded elements  

4 1 2 2 0 3 1 4 0 5 0 6 0 7 6,29 

4. The amount of information 
overwhelms  

3 1 2 2 1 3 0 4 0 5 0 6 0 7 5,43 

5,The type of format (graphs 
vs. Tables) helps to 
understand the information  

1 1 0 2 0 3 3 4 2 5 0 6 1 7 4,29 

               5,8 
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Question Option 1 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 

1. Confusion generated by 
unneeded elements  

4 1 1 2 1 3 0 4 0 5 0 6 1 7 5,71 

2. The color is used so 
sparingly  

1 1 1 2 1 3 1 4 0 5 0 6 3 7 4,43 

3. Adequation for the color 
scheme  

0 1 4 2 1 3 1 4 1 5 0 6 0 7 2,86 

               4,3 

 

Question Option 2 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 

1. Confusion generated by 
unneeded elements  

3 1 1 2 2 3 0 4 0 5 0 6 1 7 5,43 

2. The color is used so 
sparingly  

0 1 1 2 1 3 4 4 0 5 0 6 1 7 4 

3. Adequation for the color 
scheme  

0 1 1 2 0 3 0 4 4 5 1 6 1 7 5 

               4,8 

 

Question Option 3 Avrg 

#P Sc #P Sc #P Sc #P Sc #P Sc #P Sc #P Sc 

1. Confusion generated by 
unneeded elements  

3 1 1 2 1 3 0 4 0 5 1 6 1 7 5 

2. The color is used so 
sparingly  

0 1 0 2 2 3 2 4 0 5 2 6 1 7 4,71 

3. Adequation for the color 
scheme  

1 1 0 2 0 3 1 4 1 5 1 6 3 7 5,29 

               5,0 

 

 

 

 

 

 


