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1. INTRODUCTION AND MOTIVATIONS 

Visualization is a type of mental rehearsal. As a human, we create images in the mind based on whatever the brain thinks. It 

is a repetition of a process which occurs daily. Part of this process is where the memory is actively visualizing anything that 

is perceived by the eyes. The input into the memory contains highly dimensional information where depending on the 

capacity of the brain power, what one perceives might not be like other viewers. Multi-dimensional and time-dependent 

information visualization deem as a challenging and resource-consuming process [1]. Large volumes of information are 
retrieved, extracted and then kept in various forms. Much of the retrieved information is structurally complex, loaded with 

some information, reference or location coordinates. One good example is the health care statistics or telecommunication 

network information. Not until just recently, in computer sciences, a wealth of economic and comprehensive approaches to 

visualization for complicated and heterogeneous information areas has been developed [2]. 

Visualization is a method to create images, diagrams and/or animations as means to convey messages. Today, visualization 

has seen an extensive expansion of applications in science, education engineering, interactive multimedia, and healthcare. 

One good example is in computer graphic where visualization is heavily an important topic. The questions of how and what 

we think is due to the conditions of our lives. We live in a sea of vibrating energy that is responsive to our thoughts which are 

the creative forces that constantly expressing themselves in our lives. In this assay, we will look deeper into visualization 

from the focus + context angles. The intention of focus + context in visualization is to provide integrated access to both the 

specific details in a visualization and its contents. This technique starts from three different premises which are, i) both the 

context (overview) and focus (detail information) are equally needed and important to a user, ii) information derived or 
extracted from the context may not be like information from the focus, and iii) a combination between focus and content 

creates a dynamic display, much as in human vision [3]. Having said so, focus aims to detail specific regions while 

preserving the global view which will than allowing visibility of information. 

As briefly discussed, such data set or information is highly dimensional and complex therefore posing some limitations. 

Inevitably, visualization strategies try to fit into the available and limited area of a computer screen. [4]. A normal computer 

can screen its contents at 50° both horizontally and vertically [5]. However, the maximum visual angle that human can see 

through fixed naked eyes is approximately 200°×120°. The limitation gets thicker when it comes to complex and large 3D 

flow fields. Hindrance to a clear visualization rendering and interpretation is the presence of visual noises such as dense 

particle traces in a complex 3D image. This problem postulates a critical challenge in producing an insightful information to 

improve our understanding of visualization [6]. 

Visualization is everywhere. The advanced communication technology gave us smartphones that “fit for all” reasons. These 
gadgets have replaced personal computers, laptops and even tablets which have small screen size. Visualization in this 

context bears a challenging issue, which cannot be avoided. Handheld gadgets have moved from relying on traditional GUI 

paradigms widely used for desktop computer, to a more sophisticated and smart screen technology. Interacting with large 
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volumes of information through these screens is still very much challenging when numerous matter of relevance need to be 

emphasized concurrently [7]. It is therefore apparent that the main limitation in information visualization is the lack of screen 

area in showing the focus and context contemporaneous. With the combination of focus and content, visualization allows a 

dynamic information visualization which provides the user a satisfactory viewing interacting experiences. This essay is 

researched with threefold motivations which are i) a technical review of focus and context techniques in information 

visualization, ii) to offer a concise review of the state-of-the-art of focus and context, and iii) propose a business intelligence 
reporting method that re-defines focus and context for business analytics. The order of this essay starts with the introduction 

and motivation of researching on focus and context, which is further elaborated and discussed in the review sections. Lastly,  

some BI implementation is discussed as part of the research outcomes. 

 

2. REVIEW OF PRIOR WORK 

In this section, we will discuss prior works in Focus + Context Visualization techniques. We will also discuss the usage and 

importance of Business Intelligence reporting in commercial industries. Further focus will be provided on Self-Service BI 

that heavily relies on intuitive visual exploration. 

 

2.1. Focus + Context Techniques 

The development of Focus + Context (F+C) techniques is an increasingly important aspect that complements the Information 
Visualization space [8], especially in present times where organizations, both public and private, are looking to make sense of 

the bulk of data available to them as quickly as possible, in order to make faster and better decisions via the use of visuals 

and dashboards [9]. The F+C approach can be simply defined as the single-display seamless integration of focus and context, 

where every part of the subject matter is concurrently visible to the user of the visualization [5]. In other words, F+C is when 

the broad and intricate representations of the data of interest are being provided in one view at the same time [10]. The 

practice of this technique is normally apparent when there is an unusual distinct concentration of certain subsets of data 

shown in detail. While the detailed subsets are being highlighted, the rest of the data is used to facilitate user navigation and 

orientation in the remaining reduced space. 

Various F+C techniques have been developed and are currently applied in an array of fields such as in computing, radiology, 

physics, biology, and geography to name a few [1], [5], [11], [12]. The motivation behind the existence of different multiple 

generalized and novel F+C techniques is that different dataset structures require different methods to optimize 

comprehension and understanding. Datasets may be in the form of 2D or 3D images, maps, and graphs that may be ordinal, 
hierarchical, or continuous in nature [4].   

Now that there is a lot of data being processed in various kinds, the trend is not going to slow down as year by year computer 

performance has been increasing steadily (Moore‟s Law). With large amounts of data, a very valuable way to access these 

data is through visualization. The user will have the access to data by approaching through a graphical user interface and it 

will be way more advantageous when the visual has certain spatial form integrally linked. This is because, for every huge 

amount of data, it is almost impossible to visualize every single detail at the same time. This is where an approach has been 

developed which is called Focus + Context (F + C) visualization. 

Back in the „70s, there has been a spark of awareness that people are trying to use different enlargement features at certain 

parts in their conception to visual information in a F + C concept [13], [14]. Historically, it is all started with the fisheye view 

concept, by Furnas in 1981, that lead to F + C visualization in computer world [15]. In his description, Furnas has explained 

that information is designated for display depending on the priority of the information, and how each data is distanced from 
the focused information of the visualization. Spence and Apperley, on the other hand, has given out the idea of that in a 

single dimensional space, a distortion image can be produced by bifocal display [16] which creates a center of visualization 

where the focal region is undistorted with a shrink context on each side. 

As an extension to Furnas‟ work [17], the graphical fisheye view was proposed by Sarkar and Brown [18] in 1992. Their 

version is, however, more focused on F + C as compared to the real fisheye lens. In 1993, two F+ C techniques have been 

discussed with regards to a stretchable rubber sheet concept, namely orthogonal and polygonal stretching [19]. The document 

lens technique was also developed the same year where it incorporated the combination of magnifying-glass effect with a 

perspective view [20]. In the year after, Leung and Apperley reviewed a distortion-oriented F + C visualization, including 

supplementary methods such as the perspective wall [21]. Leung and Apperley also described F + C visualization techniques 

which takes the forms of a magnification function. There are three different techniques with (1) continuous magnification 

approaches, where an example is a graphical fisheye [22], (2) bifocal display [16] or the piece-wise constant magnification 

technique, and (3) the other techniques such as the perspective wall [21]. 
Additional extensions have been presented at the end of the 1990s on distortion techniques with continuous management 

functions. In 1995, Carpendale et al. [15] have presented a pliable surface in the three-dimensional space, which also uses 

perspective projection in achieving different magnification factors in multiple parts of the display. Gaussian profiles are used 

in magnification generation and the possibility of multiple foci in singular views. In 1996, non-linear magnification fields 

were presented by Keahey and Robertson as a technique not depending on the projection of perspective, and with direct 

control over the magnification function on every point of a grid over the display [22], [23]. The method which is the 
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transformation function is computed iteratively, which locally optimizes on the discrepancies between the discrete derivative 

of the field of transformation and the input [23]. 

In the same year where Carpendale presented the three-dimensional pliable (1995), Lamping et al. [8] used the plotting the 

plane with a hyperbolic plot in achieving F+C visualization, allowing the visual creation of endless plot on a rigid screen 

space that has its own limitation. Using the same concept, in order to achieve F+C visualization the plotting from a circular 

space to the plane, in a spherical manner [24] was used by Kreuseler et al. enabling the movement of the focal center around 
the sphere.  

Additional development on F + C techniques also include breaking up large data sets to focusable smaller segments called 

pages in a single sequential view [25], the creation of visual distortions via the incorporation of a zoom algorithm [26], visual 

distortion of hierarchical data in a uniform manner within 3D information spaces [27], dynamic rescaling of branches on 

node-link tree diagrams which are optimized to fit spatial constraints [28], as well as dynamic linking of side-by-side views 

of information within large-node trees [29]. The following table summarizes past researches on F + C techniques: 

Technique Description 

Bi-focal Display[16] Introduction of the distortion of the horizontal dimension in an information space. 

Fisheye View[17] Magnification of center field of view coupled with demagnification towards the edges, 

influenced by the magnitude of its Degree Of Interest. 

Perspective Wall [21] A derivation of the Fisheye View from a 3D perspective. 

Document Lens[20] A development of the Fisheye View incorporating the combination of magnifying-glass 

effect with a perspective view. 

Graphical Fisheye Views [18] Creation of visual distortions via the incorporation of geometric transformations.  

Rubbersheet View [19] Creation of visual distortions in a 2D space using metaphorical stretching methods. 

Flip Zooming [25] Breaking up of large data sets to focusable smaller segments called pages in a single 

sequential view. 

Hyperbolic Trees [8] Creation of visual distortions via the incorporation of hyperbolic geometric 

transformations.  

Continuous Zoom [26] Creation of visual distortions via the incorporation of the zoom algorithm. 

Cone Trees [27] Visual distortion of hierarchical data in a uniform manner within 3D information 

spaces. 

SpaceTree [28] Dynamic rescaling of branches on node link tree diagrams optimized to fit spatial 

constraints. 

TreeJuxtaposer [29] Dynamic linking of side-by-side views of information within large-node trees.  

Table 1:Overview of F + C Techniques 

 

The vast amount of work on F+C visualization distortion techniques has been a revelation in picturing images, especially in 

the information visualization domain. Continuous development on this remains to be instrumental, in tandem with the 

emergence of Business Intelligence. 

 
2.2. Business Intelligence (BI) Reporting 

A business dashboard gives an at-a-glance view of business that allows us to make a quick sense of data in real time easily, 

whenever possible [30]. Fully customizable, a user can pick and choose which metrics to be tracked to monitor business 

performance, including finances, customer behavior, website analytics etc. 

Business Dashboards are bread and butter of the modern business. There are many reasons why they are being adopted 

widely in the commercial arena. Firstly, it provides the high-level overview and helps us to understand the big picture. 

Business can be very difficult to understand on a high level, as they are often a collection of many distinct departments, and 

often so much data is available, it becomes extremely challenging to make sense of what the numbers are telling the 

management. A business dashboard can be customized to focus on key metrics the management defines, illustrating how they 

relate to the big picture, so the management always has an accurate snapshot of their business [31]. 

Secondly, it helps to discover pain points and weak spots. When a business is performing good, operating smoothly, it often 

becomes difficult to spot the weak areas that can be improved and optimized. Business Dashboards keep track of different 
areas in various level of details based on both historical and real-time data. It can alert us to a drop in performance both slight 

and major, and as a result, we can take measures before it is too late. This way, we can potentially avoid disastrous results for 

a department or their entire organization and optimize the operation [32]. 

Thirdly, it helps to save time and money. A well-designed dashboard can reduce hours spent searching for data from multiple 

sources [33]. Ease of data access, focusing on just one screen, means the management may monitor their numbers more 

regularly. And with accurate, up to date information at their fingertips, management will make better decisions that can help 

them cut costs and improve your bottom line. 

Every BI software solution consist of a BI dashboard component which works like a standard application dashboard that 

collectively stored two or more key performance indicators (KPI) and statistics into a visual interface [34]. The BI software‟s 

owned different capabilities and customization to display according to the type and amount data. By eliminating requirements 
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for manually executed queries or processes, the BI dashboard is designed to let users to get instant visualization of their 

preferred BI-specific operations. The success of the BI dashboard heavily depends on the level of accessibility, both 

technically and from design point of view. Often poorly designed dashboards are very difficult to understand. A well-

designed dashboard clearly communicates key information to the user and makes contextual information easily available 

[35]. 

 
2.3. Self Service Business Intelligence (BI) 

Self-service analytics or Self-service BI is the latest trend in Business Intelligence reporting. It allows users from all business 

departments to access and explore data. Any business user can make queries, analyze data even at an advanced level, and 

create customized reports and visualizations of the data independently. To enable self-service BI, the technical dependency of 

reporting must be reduced. To make data exploration intuitive and easy to understand, self-service BI enables visual 

discovery which can provide an effective way for organizations to cope with increasing volatile and demanding management 

information needs.  

Self-Service BI is the method to democratize data within the organization, and is essential to make data driven decision 

making a culture within an organization. Business users are finally capable of extracting data as required to make fast 

business decisions, that previously too days or weeks as they had to wait for the IT department to deliver [36].By removing 

the bottle-neck, data analysis and exploration can become faster and part of business culture. 
Since Self-Service BI is meant for non-technical business users, its best and most essential feature is simplicity and ease-of-

use. Self-Service BI tools should be easy to use, and they can be used by anyone irrespective of technical literacy, and should 

not require any skills for coding or programming for analyzing data to make quick and fact-based business decisions [37]. 

Traditional static reports provide very limited ability to interact and explore with data. Self-Service BI tools improve on this 

by providing multitude of interactivity, and visual discovery tools to facilitate free exploration of information, providing 

managers or business user with a higher chance of finding the answer to unanticipated questions without assistance [38].An 

instance of exactly how simple it is for business users to self-serve, they can easily create data mashups using drag and drop 

functionality and then transform those data mashups into sharable pixel perfect dashboard using an intuitive designer to 

support their required design and visualizations options. [39]. 

In this section, we have discussed some research efforts in Focus+Context visualization. The main goal of such techniques is 

preserving high level information while allowing ability to focus into detail. We also discussed Business Intelligence reports 

and Self-Service BI. The success of self-service BI depends on good design that enables visual exploration. Among the 
design languages that we should consider while developing Self-Service BI reports is the ability to explore data at different 

level of details intuitively in order to uncover patterns in data. The idea of moving between different level of detail has been 

also discussed in Focus+Context visual techniques. In the later sections, we will discuss how the techniques can be utilized in 

BI reports to improve data exploration. 

 

3. FOCUS + CONTEXT TECHNIQUES FOR BI REPORTING 

Commercial dashboards are an important tool for data-driven decision making. These dashboards generally cater a wide array 

of stakeholders, who often need to look at the data at various level of details. However, having a general overview is still 

very much important. Traditionally, to cater these needs, multiple dashboards are created to cater different granular level and 

stakeholders. However, the concepts of Focus + Context can benefit the data visualization in commercial dashboards greatly. 

The primary purpose of a commercial dashboard is to visualize the health of the company, as well as to understand the 
performance of different areas. The success of the dashboard depends on how easily it can visualize different pain points, and 

how simple it is to form actionable insights. To this regard, the designer must ensure that germane load can be maximized, 

and clutter can be minimized by removing extraneous load. To enhance germane load, we need to provide relevant contextual 

information to the users, as well as provide data in different granularity so that the users can formulate insights. In this paper, 

we will propose a novel Multi-Level Grid visualization technique for BI Reporting and Dashboards that will allow data 

consumers to explore data at different levels of granularity in a single view. 

 

4. MULTI-LEVEL GRID VISUALIZATION 

In a typical management level of dashboard, there are high level data of different areas of the organization. For example, data 

related to sales, marketing effort, inventory, geographic reach, digital customer penetration etc. are important for the 

management, and is very important to view them in a single view to understand the correlative effect of the performance of 

different areas.  In our proposed method, we will be focusing on seamless data visualization, and the ability to focus on 
specific part of the dashboard to deep dive into lower granularity. The dashboard will be designed in a grid, where tiles of 

different sizes will form the entire dashboard. The tiles can be arranged in multiple levels based on subject area. To focus on 

specific subject area, the related tile should be activated. This will bring that tile into focus and enlarge it. The enlarged tile 

can contain information on lower granularity to deep dive into the subject area. Since the dashboard will be formed in a grid, 

enlarging one tile will automatically rearrange other tiles. 
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Fig 1:The dashboard divided into four primary tiles. 

 

In Fig 1, we can see the dashboard is divided into four main tiles. Each tile represents each topic area. At this level, we can 

see the overview information like total revenue, total quantity sold, total visitor, total sales by channel etc. This is the 

performance overview of the organization and provides the overall context. 

 

 
Fig 2:Focus on Digital Penetration Tile 

 

In Fig 2, we focus on Digital Penetration tile by activating it. It enlarges the tile, and adjacent tiles are readjusted and resized 

accordingly. By focusing, it not only enlarges the charts but shows more information on that topic area. However, the users 

can still view information regarding other areas on a high level, providing them a context to their current focus level. For 

example, while looking into digital penetration, they can still see sales in different countries, and overall digital sales, which 

adds context to numbers like total visitors and conversion. 

 

 
Fig 3:Second Level Focus on Conversion Funnel 

 

In Fig 3, further focus has been given on the Conversion Funnel. This second level focus shows more information regarding 

the digital conversion, and the other tiles are again being readjusted. At this level, the information from the first level is still 

present in the background. This allows the users to correlate the information with relevant topic areas and form insights. 

 

5. BENEFITS OF THE PROPOSED METHOD 

The method proposed in this paper brings a novel visualization method in BI reporting and dashboard, however, the 

techniques involved are available in practice. The grid-based dashboard structure is easy to implement and is available in 

many commercial reporting tools. Grids provide design flexibility and can be used in a wide range of use cases and 
industries. The multi-level focus adds on the existing drill-down concepts, where data is explored in lower granularity by 

drilling down either within the same chart [40] or linking to a different chart or report in a lower granularity [41]. However, 

in the proposed method, it combines the flexibility of drilling down in the existing chart where contextual information is 

preserved and showing different report, where more information on the particular topic can be displayed. The proposed 

method can display more information in a relevant context to the user, which can aid in data exploration and insight 

generation. 

 

6. CONCLUSION 

In this paper, we have discussed different research efforts in Computer Visualization, more specifically in Focus+Context 

techniques. These techniques have been applied in many domains and devices over the years. Commercial BI dashboards and 

Reports are an emerging tool that companies are using to visualize their information. We have proposed a method of 

Focus+Context techniques that can be implemented in BI Reports. This technique allows a user to deep dive into data to 
uncover patterns and insights, while still maintaining the perspective with the contextual data. The BI tools available in the 

market mostly focus on either overview data or detailed data. This novel approach to data visualization will allow the users to 

combine both and effectively discover insights. 



 Implementing Focus Context Into The Development Of Business Intelligence Reporting Tool 017 

7. REFERENCES 
[1] M. Gasser, “Fast focus+ context visualization of large scientific data,” in CESCG 2004: 8th Central European Seminar on Compu ter Graphics, 2004, 

vol. 68. 

[2] G. Fuchs, M. Kreuseler, and H. Schumann, “Extended focus & context for visualizing abstract data on maps,” in CODATA prague workshop on 

information visualization, presentation, and design, 2004. 

[3] S. K. Card, J. D. Mackinlay, and B. Shneiderman, Readings in information visualization: using vision to think. Morgan Kaufmann, 1999. 

[4] S. Bjork, L. E. Holmquist, and J. Redstrom, “A framework for focus+ context visualization,” in Information Visualization, 1999.(Info Vis‟ 99) 

Proceedings. 1999 IEEE Symposium on, 1999, pp. 53–56. 

[5] A. Cockburn, A. Karlson, and B. B. Bederson, “A review of overview+ detail, zooming, and focus+ context interfaces,” ACM Computing Surveys 

(CSUR), vol. 41, no. 1, p. 2, 2009. 

[6] J. Tao, C. Wang, C.-K. Shene, and S. H. Kim, “A deformation framework for focus+ context flow visualization,” IEEE transactions on visualization 

and computer graphics, vol. 20, no. 1, pp. 42–55, 2014. 

[7] S. Huot and E. Lecolinet, “Focus+ context visualization techniques for displaying large lists with multiple points of interest on small tactile screens,” in 

IFIP Conference on Human-Computer Interaction, 2007, pp. 219–233. 

[8] J. Lamping and R. Rao, “The hyperbolic browser: A focus+ context technique for visualizing large hierarchies,” Journal of Visual Languages & 

Computing, vol. 7, no. 1, pp. 33–55, 1996. 

[9] M. Diamond and A. Mattia, “Data Visualization: An Exploratory Study into the Software Tools Used by Businesses.,” Journal of Instructional 

Pedagogies, vol. 18, 2017. 

[10] H. Hauser, “Generalizing focus+ context visualization,” in Scientific visualization: The visual extraction of knowledge from data, Springer, 2006, pp. 

305–327. 

[11] C. S. zu Berge, M. Baust, A. Kapoor, and N. Navab, “Predicate-based focus-and-context visualization for 3D ultrasound,” IEEE Transactions on 

Visualization and Computer Graphics, vol. 20, no. 12, pp. 2379–2387, 2014. 

[12] H. Qu, H. Wang, W. Cui, Y. Wu, and M.-Y. Chan, “Focus+ context route zooming and information overlay in 3D urban environments,” IEEE 

Transactions on Visualization and Computer Graphics, vol. 15, no. 6, pp. 1547–1554, 2009. 

[13] W. A. Farrand, “INFORMATION DISPLAY IN INTERACTIVE DESIGN.,” 1974. 

[14] N. Kadmon and E. Shlomi, “A polyfocal projection for statistical surfaces,” The Cartographic Journal, vol. 15, no. 1, pp. 36–41, 1978. 

[15] G. W. Furnas, “The FISHEYE view: A new look at structured files,” Citeseer, 1981. 

[16] R. Spence and M. Apperley, “Data base navigation: an office environment for the professional,” Behaviour & Information Technology, vol. 1, no. 1, 

pp. 43–54, 1982. 

[17] G. W. Furnas, Generalized fisheye views, vol. 17. ACM, 1986. 

[18] M. Sarkar and M. H. Brown, “Graphical fisheye views of graphs,” in Proceedings of the SIGCHI conference on Human factors in computing systems, 

1992, pp. 83–91. 

[19] M. Sarkar, S. S. Snibbe, O. J. Tversky, and S. P. Reiss, “Stretching the rubber sheet: a metaphor for viewing large layouts on small screens,” in 

Proceedings of the 6th annual ACM symposium on User interface software and technology, 1993, pp. 81–91. 

[20] G. G. Robertson and J. D. Mackinlay, “The document lens,” in Proceedings of the 6th annual ACM symposium on User interface so ftware and 

technology, 1993, pp. 101–108. 

[21] J. D. Mackinlay, G. G. Robertson, and S. K. Card, “The perspective wall: Detail and context smoothly integrated,” in Proceedings of the SIGCHI 

conference on Human factors in computing systems, 1991, pp. 173–176. 

[22] T. A. Keahey and E. L. Robertson, “Techniques for non-linear magnification transformations,” in Information Visualization‟96, Proceedings IEEE 

Symposium on, 1996, pp. 38–45. 

[23] T. A. Keahey and E. L. Robertson, “Nonlinear magnification fields,” in Information Visualization, 1997. Proceedings., IEEE Symposium on, 1997, pp. 

51–58. 

[24] M. Kreuseler, N. Lopez, and H. Schumann, “A scalable framework for information visualization,” in Information Visualization, 2000. InfoVis 2000. 

IEEE Symposium on, 2000, pp. 27–36. 

[25] L. E. Holmquist and C. Ahlberg, “Flip zooming: A practical focus+ context approach to visualizing large data sets,” in HCI (2), 1997, pp. 763–766. 

[26] L. Bartram, A. Ho, J. Dill, and F. Henigman, “The continuous zoom: A constrained fisheye technique for viewing and navigating large information 

spaces,” in Proceedings of the 8th annual ACM symposium on User interface and software technology, 1995, pp. 207–215. 

[27] G. G. Robertson, J. D. Mackinlay, and S. K. Card, “Cone trees: animated 3D visualizations of hierarchical information,” in Proceedings of the SIGCHI 

conference on Human factors in computing systems, 1991, pp. 189–194. 

[28] C. Plaisant, J. Grosjean, and B. B. Bederson, “Spacetree: Supporting exploration in large node link tree, design evolution and empirical evaluation,” in 

The Craft of Information Visualization, Elsevier, 2003, pp. 287–294. 

[29] N. Chen and M. Farboodi, “TreeJuxtaposer: Scalable Tree Comparison using Focus+ Context with Guaranteed Visibility,” 2006. 

[30] Julio A. Olivares. 2013. Do Business Intelligence strategies really boost productivity levels? [Online]. Available: https://www.docpath.com/art-

business-intelligence-software [Accessed: 25 May 2018].  

[31] Business Objects. 2015. Business intelligent solutions. [Online]. Available: http://www.businessobjects.com          [Accessed: 25 May 2018] 

[32] Aidan Coleman. 2013. CIO: Using data analytics achieve competitive advantage.  [Online]. Available: https://www.cio.com.au/article/457558  

[Accessed: 25 May 2018] 

[33] ETL-Tools.Info. 2016. Business Intelligence - Data warehousing – ETL.  [Online]. Available: http://etl-tools.info/en/bi/reporting.htm  [Accessed: 25 

May 2018] 

[34] UCSD. 2017. Business-intelligence-analysis. [Online]. Available: https://extension.ucsd.edu [Accessed: 25 May 2018]. 

[35] R. Brath and M. Peters, “Dashboard Design: Why Design is Important,” p. 4, 2004. 

[36] Varga, J., Romero, O., Pedersen, T. B., & Thomsen, C. (2014). Towards Next Generation BI Systems: The Analytical Metadata Cha llenge. In L. 

Bellatreche & M. K. Mohania (Eds), Datawarehousing and knowledge discovery (pp. 89-101): Heidelberg: Springer.  

[37] Abelló, A., Darmont, J., Etcheverry, L., Golfarelli, M., Mazón, J.-N., Naumann, F., Vossen, G. (2013). Fusion Cubes: Towards Self-Service Business 

Intelligence. International Journal of Data Warehousing and Mining, 9(2), 66-88.  

[38] Alpar, P., & Schulz, M. (2016). Self-Service Business Intelligence. Business & Information Systems Engineering, 58(2), 151-156.  

[39] Chaudhuri, S., Dayal, U., & Narasayya, V. (2011). An Overview of Business Intelligence Technology. Communications of the ACM, 54(8), 88-98. 

doi: 10.1145/1978542.1978562 

[40] “Drill down in a visualization in Power BI - Power BI | Microsoft Docs.” [Online]. Available: https://docs.microsoft.com/en-us/power-bi/power-bi-

visualization-drill-down. [Accessed: 27-May-2018]. 

[41] “Drilling in Results.” [Online]. Available: https://docs.oracle.com/en/cloud/paas/bi-cloud/bilug/drilling-results.html#GUID-33092AA1-1F57-4FDA-

B486-2888B8D0E54B. [Accessed: 27-May-2018]. 
 


