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[bookmark: _Toc481060113]Abstract
Data visualisation is about using the graphical representation of data to interpret and express relationships among the element of data to make clear concise, interactive and engaging manner. It not only increase the speed of ability to understand the data but also it is heavily create draw heavily on visual perception on human brain because data visualisation create balance between seeing and thinking using human brain maximum abilities. He also described how human brain cans effectively response on visual data. These data help humans to understand trends and patterns of prices of commodities or stock prices of individual companies or a particular stock index as a whole. Companies today generate a lot of numerical data in terms of their profits, gross revenue, costs etc. Graphical representations of data helped the users to easily grape the goal of the topics. It helps the user to analysis data and acquisition of useful underlying information about the data. The stakeholders now can easily forecasted about their business growth and profit earnings by examine the pattern of the current business which was very complex and sometimes very time consuming matter also. 
Due to the very widely and popular use of data visualisation there are developed various data visualisation techniques. The scientist, researcher, technological expert all are giving their effort to enrich and efficient mechanism involvement onto this subject. In this proposed project there will be discuss about the various data visualisation techniques for small business and develop a data visualisation prototype for an organisation. There will be given a brief overview regarding the data visualisation how it comes into the current age, what are the aspects of it in respect of small and large companies, how the companies can be benefited from it and what are the reaction of end users by interacting such visual representation of numeric data. In this report there will be discussed about the research and the onion research methodology. Discussion will be done on the various development methodologies and at the last there will be chosen a methodology which is best suited for this proposed project. There are different design technology exists in the visualisation industry. Considering on these technologies i.e. how they are playing in this arena there will be taken the best one. Finally there will be evaluating the proposed application for Ar Riyadh Food Supplier [Healthy Food Supplier] and the future of data visualisation.
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1. [bookmark: _Toc481060114]Introduction
Nowadays organisations continue to push data driven decision for their various business activities. As a result understanding the vast amount of data is rapidly increasing. Previously understanding the data scientists but now these days it is very important for each individual for example manager, supervisor within an organisation. Based on real time and historical data a grocery shop manager can make valuable decision. To represent those data to human readable format there are lots of data analysis tools available and that help us to bridge the gap. Appropriate data visualisation is an effective tool to the decision making process. It allows business decision makers to examine large amounts of data, expose trends and issues efficiently. Exchange ideas with key players and influence the decisions that will ultimately lead to success.
According to (Haight 2014, [12]) “our brains, while inherently inferior to computers in the realm of computation, are comparatively phenomenal at pattern recognition”. In addition our brain can respond better on visual input rather than row data. For example to take a complex decision human brain works to combine statically calculation based on previous experience targeting certain markets or pivoting business strategy etc. however same complex problem is resolved by a matching using pattern recognition and continues training and learning.
Organisations either large or small they are continuously strive to improve strategic decision making for launching new products to substantial investments of resources. (Schindl and Hsieh 2002, [13]) conducted research on Strategic Decision Making and they mentioned that those decision are made by human are based on quantitative and qualitative information – experience, intuition, and subjective assessment. However machine can produce accurate result based on accuracy of algorithmic and they excel at finding patterns and making data based predictions (Ransbotham 2016, [14]). Effective decisions can easily be taken in a quick manner.  The management becomes more confidence with the visual representation of data, so that organisation can continue to grow. By the blessings of data visualisation the management is able to take fast decision. They don’t have to wait for report coming from other division or any third party agent for taking decision. Seeing the tabular data into the visual format it is quite easy for them to take decision instantly. Another effective benefit for the owners or the business analyst is that they can easily forecasting on a particular matter. It may be either business, medical, weather etc. whatever the subject matter it is now quite easy to forecast. Only things need to keep in mind the surrounding matter that influences the business. Overall it can be said that the data visualisation is a blessing for the human and the human are trying to get the highest benefit from it day by day.

1.1 [bookmark: _Toc481060115]Aim
The aim of this project is to research on various data visualisation techniques for small business and develop a data visualisation prototype for Ar. Riyadh Food Supplier [Healthy Food Supplier].

1.2 [bookmark: _Toc481060116]Objective
The report intend to the following objective
· Discuss the evaluation of data visualisation and how the companies get benefitted from it
· Identify benefits of data visualisation in small business
· Analysing the different data visualisation tools
· Research on various data visualisation techniques for small business
· Discussion on the various development methodology and choose one which is best suited for this proposed project
· Develop prototype data visualisation for Ar. Riyadh Food Supplier [Healthy Food Supplier]
· Evaluate the develop application and discussion on the future of data visualisation









2. [bookmark: _Toc481060117]Review of Literature
There has been a recent surge of interest in data visualisation and their potential demand is increasing rapidly. Data visualisation is about using the graphical representation of data to interpret and express relations among the elements of data to present in a clear concise, interactive and engaging manner. This is because of availability of data visualisation tools and their huge demand in small to enterprise business. Recent dramatic improvement in data visualisation helps maximise benefits from data, where in the past it was limited in use to data analysts and data experts. Data visualisation is quickly being recognised as a necessary part of effective research communication. Also data visualisation helps in making sense of complex data. (Lindquist 2011, [1]) argues, “Visualisation techniques loom as potentially important sense-making, analytic and communications tools for capturing and addressing complexity. The promise is that, if properly chosen and calibrated, they can show the breadth and evolutions of problems and interventions, permit more detailed explorations of facets and strands, as well as how these facets and strands link to the whole”.
	
Recent, data visualisation has been recognised as a distinct discipline separate from data warehousing which goes back more than 5 decades. From a historical standpoint, (Friendly 2006, [2]) mentioned the early origin of data visualisation dating back to ancient Egyptian surveyors who used data visualisation to design their town layouts and navigational maps. In 17th century a French mathematician, philosopher and scientist René Descartes invented the concept of two dimensional coordinate system for horizontal and vertical axis, introducing concept of graphical representation of trends (Few 2012, [3]). An article published online by Spence mentioned during the 18th century Scottish scientist William Playfair created significant change in the field of data visualisation and included different graphs for example, the Pie Chart (Spence, 2016 [4]). During the 19th century there were radical improvements of statistical graphics and thermic mapping. According to (Friendly 2006, [5]) during 19th century data scientist rapidly developed a range of graphical representations, including pie charts, histograms, time-series plots, contour plots, scatterplots. At that time scholars were also researching thermic cartography to visualise economic, physical, medical and social data. Europe showed remarkable improvement in data visualisation compare to other parts of the world during that period. Friendly claims “unparalleled beauty and many innovations in graphics and thematic cartography”.
Today data warehousing is considered as an industry due to its popularity in data visualisation. This huge demand is because of the increased availability of new technologies and software products which enable every user to dabble in the world of visualisation. This is because of many researchers’ hard work over the last few centuries. (Lindquist 2011, [5]) published his recent research in data visualisation by categorising the field into three main disciplinary segments; graphics and information display, information visualisation and visual facilitation for thinking and strategy and found that those three main streams provide the best outcome to visualise the data. He also mentioned that the first stream visualisation is graphics and information display rather than data in its original form. His research purpose was also about how divergent approaches of data visualisation can strengthen utility for purposes of communication, marketing and illumination from raw data to visualised format. 
Data and information visualisation is arguably the newest topic and it is emerging significantly starting from 1990s, however, exploring data through isolation was designed and developed by Anscombe in 1973 and he successfully demonstrated the radical difference in graphed (Hirst 2011, [6]).
Few (2008, [7])  published in his article titled “What Ordinary People Need Most from Information Visualisation Today” has mentioned that visual science has demonstrated that data visualisations are significantly important for explaining facts or communicating with its audience if the visualisations are calibrated correctly to draw on the brains ability to detect certain properties. It does not only increase the speed of ability to understand the data but also it draws heavily on visual perception of the human brain because data visualisation creates balance between seeing and thinking using human brain’s maximum abilities.  He also described how human brains can effectively respond to visual data.
2.1 [bookmark: _Toc478168911][bookmark: _Toc481060118]The Evolution of Data Visualisation
Data visualisation has deep roots dating back to before the 17th century. These early stages were very different from the data visualisation of today. There are different stages of data visualisation as it evolved. Advances in the field include changing technology for representing graphical views, advances in mathematics and new developments in data collection etc.
· Pre-15th Century: The data visualisation seeds arose in geometrical diagrams in the 14th century it helped in navigational purposes. At that time Nicole Oresme used in his work the logical relation between tabulating values. He also plotted the points of distance vs. speed into his second graph. In the 16th century there was developed geographic and celestial position techniques for measurement of physical quantities [8]. Triangulation and other methods were developed at this period. The image were captured directly and recorded the mathematical functions were the steps comprise the early stages of data visualisation
· Measurement and Theory (1600-1699): In this period there was rise of analytic geometry and coordinate systems, theories of probability etc. At that time the astronomer believed that statically data is possible to visually represent. Van Langren presented systematic collection and study of social data into a graph from various sources in different order. Though this graph was biased upwards but it is considered a milestone for data display. In the mid of this century the first behavior plot were derived. By the end of this century the necessary components of plotting data into graphical view becomes practical.
· New graphic forms (1700-1799): In this period the importance of graphical representation of data was established. The first thematic cartography curve of equal value on a coordinate grid was generated in this period. Technological innovation was invented which boom the production of graphical work. Johann Lambert introduced in 1777 the ideas of curve fitting where he showed period variation of line graphs and graphical tables. The first line graph and bar chart and later the pie chart and circle graph were first invented by William Playfair. 
· Beginnings of modern graphics (1800-1850): For geological cartography it was first introduced geological maps in 1801. The continuous shadings invented in this period was considered the first modern style thematic statistical map. Dr. John was produced a dot map showing the death count due to cholera was another graphic discovery. Probably during this period the organisations recognised graphs as for economic and state planning.
· The Golden Age of statistical graphics (1850–1900): During this period a rapid growth was happen in data visualisation techniques. Gustav Zeuner and later Luigi Perozzo was developed 3D graphs which is called stereogram. Though the plotted curve has introduced earlier but this time the problems has almost solved and the range of data increase high volume. Now visualise of data becomes more convenient. At that time plenty of new graphical forms were developed and extended to new areas of inquiry. The most popular circle diagram on maps was devised during this time.
[image: ]
[bookmark: _Toc478169060][bookmark: _Toc480965368]Figure 1: The Evaluation of Data Visualisation [20]

· The modern dark ages (1900-1950): During this period the growth of social science and uses of statistics has raised the data visualisation in a higher standard. The errors have been precise here. The graphical representation of data enters into the text of the students. Moreover people become utilization of data visualisation in varieties of subjects like astronomy, physics, biology, and other sciences.
· Re-birth of data visualisation (1950–1975): Here was happened three major developments. USA started data visualisation as a part of statistics and invent different new graphical data display. In France a monumental was published on graphics. In this period computer science research was introduced where the developments of data analysis has begun experimentally. All of these introduce a new paradigms regarding data visualisation [21].
· Interactive and dynamic data visualisation (1975–present): In the 20th century the data visualisation has flourished into a mature way. Due to the availability of computer and different software application the various range of data visualisation uses available. Now the growth of visualising on data is so rapid that is very hard to recognise [21]. The uses of data visualisation is almost everywhere. People become dependent on data visualisation on this decade.
2.2 [bookmark: _Toc478168912][bookmark: _Toc481060119]Big Data and Small Data
The large and complex data sets which are not easy to process with traditional data visualisation tools are termed as big data. Big data also covers the techniques and frameworks used to analyse it. Big data is collected from a variety of sources like social media, search engine and public utility infrastructure [22]. It may be either unstructured, semi structured or structured. Generally the size of big data is greater than terabyte where hidden correlations exist.  Generally big data are collected and analysed constantly for decision making instantly. Priority has been given for real time big data analysis since it is possible to quick detect errors and frauds. The stakeholders get competitive advantage from real time analysis which allows them to get an overview of customer’s sales trends in less time. This is related to increase organisation profit and improve customer service. There are some challenges on data visualisation of big data [23]. There are not sufficient logistic supports available in most organisations who are working on big data visualisation. Another vital issue is that real-time big data visualisation requires real time analysis which is not practical in reality. 
In case of data set where there is less specific attributes and volume is called small data. The main difference between big data and small data is the size of the dataset. Depending on the research methodology the small data has collected and worked with personally. Typically small data is known facts and don’t have hypotheses, variables or speculation and hence they are available all time. Standard business intelligence tools are generally used to analysis on small data. The accuracy of small data analysis is mostly accurate compared with big data. Moreover the data visualisation is effectively and efficiently used here with less time constraints (2010, [24]). Since small data has been collected from a limited number of sources; that’s why its functionality is more significant to organisation.

2.3 [bookmark: _Toc478168915][bookmark: _Toc481060120]Role of Memory in Vision
Data visualisation helps us to view the overall condition in one shot. The eye catches up the whole scenario and then transform to brain or memory. Then memory then processed that data and finally put the decision accordingly. So memory acts a great role in data visualisation techniques. Typically there are two types of memory working when human being process visual information.
· Working Memory: When a human being look at the visual display the working memory store the information. The memory then breaks the total data into small pieces of information and processed. After successful processing data then they produce output according to the data. In biological term when human memory stores something it breaks the whole data into small chunks. Human memory can hold three chunks of information at any given time. When memory founds something to store, which is more than three chunks then it constantly replacing the three available slots iteratively [30]. A good designer designs a dashboard in such a way that it limits the number of prominent chunks of information.
· Long-term memory: This type of memory holds the information which is past and holds it for long time [31]. Human memory does not erase the information while iteratively changing the chunks rather it sometimes transfer some information into the memory where the information is store for long term. Human being does not processed data stored here instantly rather it loads into the memory for future processing [32].

2.4 [bookmark: _Toc478168914][bookmark: _Toc481060121]Goals in Data Visualisation
There is a rationale, “A picture is worth a thousand words”. It is much easier to understand the business pattern from a picture rather than a numeric report. The goal of data visualisation is to faster analysis of existing data (2011, [26]). This is possible through catch up all the data movements in one sight. It explores the hidden meaning of data visualisation which cannot be possible from text or spreadsheet report. In business organisation there are two different goals.
· Explanatory Goal: One of the major goals of data visualisation is to explain the data in a visual display. This is self-explanatory report generated from the system. Most used explanatory visual data is dashboard. Data visualisation explores the large data for better understanding [27]. The explanatory goal of data visualisation answer the questions that comes into the user mind such as how much sales in the specific period of time, what are the products are sold in current season, How much revenue earn during this quarter etc. There are six major categories of explanatory goals of data visualisation. 
· Spotting outliers
· Examining relationships
· Discriminating clusters
· Comparing mean differences
· Observing a time-based process
· Checking distributional and other assumptions
[image: ]
[bookmark: _Toc478169061][bookmark: _Toc480965369]Figure 2: Data Visualisation on Explanatory purpose [28]

· Explore Goal: In visualisation representation of data there is displaying the data in different dimension. There may provide multiple data sets [29]. The goal of such display is to offer the user to explore the hidden trend of the data. The user analysis the data in different dimension and finally they forecast the trend of the business for future and identify the weakness of the present situation. Through doing this the managers can increase their business profit. The users can be able to investigate different trends from a single visualisation [29]. They also be able to understanding different aspects of the data prior to making business decision. From this the user can pose new questions and be able to explore and discover. 


2.5 [bookmark: _Toc478168916][bookmark: _Toc481060122]Visualisation Tools
Data visualisation is representing the data in a systematic form including attributes and variables so that it creates data as information to its users. The end user cannot get any information from the scattered data but when these data comes to them as discrete view then they are able to make decision from it. Data is represented in tables, images, diagrams or other spontaneous display while visualised in traditional way. Though this traditional visualisation methods and techniques are very useful and widely used in the industry but these are far from enough. Sometimes these are found good enough for small data but complex in big data [33]. For big data the visualisation tools reduce the data size before actual data representation using geometric modeling and feature extraction policy. There are various data analysis tools used for visualisation both quantitative and qualitative data. Example of this is Excel, Vivo etc. These are desktop tools for exporting a wide range of visualisation graphics. Third party tools are also uses like Google Earth, Google Chart for visualising geographical data.
Guardian has offered several data visualisation tools which are greatly used by UK. Also Techjaws.com offers some visualisation applications for it. Social media such as Face book, Twitter are also use data visualisation tools which link to social media, movies and other web services. ISP uses data visualisation tools very much for conducting network analytics, e.g. SocialAction, Cytoscape and NetMiner. Based on the respondent percentages of a survey, the benefits of data visualisation tools are being given on the below table.

	Benefits
	Percentage (%)

	Help to make decision
	77

	Help ad-hoc data analysis
	43

	Help on information sharing
	41

	Improve self-service capabilities to end users
	36

	Increased return on investment (ROI)
	34

	Time savings
	20

	Reduced burden on IT
	15


[bookmark: _Toc478169062][bookmark: _Toc480965370]Figure 3: Benefits of Data Visualisation [9]

The SWOT analysis of data visualisation tools is given below.
	Strengths
· Able to visualise data in the form of several data viewing method with it
· Able to visualise a variety of data types.
	Opportunities
· Better data understanding with the scope of virtual reality and geometrical representation
· Maximised the human pattern recognition skills
· Improve big data visualisation with the combination of variety, velocity and big volume

	Weaknesses
· In case of big data there is time constraint to generate of data visualisation
	Threats
· For big data application there is required high memory of the system




2.6 [bookmark: _Toc478168920][bookmark: _Toc481060123]Benefits of Data Visualisation
Previously the text based report is used and user spends much time to analyse it. But with invent of data visualisation the system processed, generate and produce the data to the user so that they can easily analyse them. The text based report hide the trend of the business where the data visualisation produce the past, present and the future forecasting of the business. So people are mostly diverted from text based to graphical representation of data. Moreover there are other benefits of data visualisation. 
· Business Insights: It is seen that the lower level employees are now well aware of company’s vision. But using visual data they become easily aware of it. However data visualisation enables users to uncover hidden relationships that are not discovering earlier. The manager gets forecast about the budget of the business and they identify the shortcomings of the present business growth. 
· Productivity: Data visualisation accelerates user productivity. The user can analyse the text based report to identify the actual weak points taking two third of his working time while it is easily identify with the visual data. It takes less time with more accurate information. Thus the business analyst spends more time on it [34]. 
· Acceptance: Since text based or spreadsheet report contains large information which takes huge number of pages to provide the report. But in the visual data it is possible to show the entire report on a single page. Thus the acceptance of the visual data is more around 79%. Some of the people are not comfortable with the new report since they are habituated on traditional report and fear to adopt the new one [35]. But if proper training can be given to them they would also be accept the visual data and habituated on it within a short time.
· Cultural Impact: It is possible to display the grouping of data in a manner so that the user can easily recognise them. Since there are different cultural people are working on an organisation so a common representation of data would be very much appreciable to all the people. Data visualisation is helping to instill a more analytic culture at the organisation. Dynamic data visualisation dashboard helps the people to rely on the organisation [35].
· Impact on Purchases: Data visualisation has huge impact on sales. It is because in the visual paper there is easily catch up the shortcomings of the business [36]. The managers can figure out those shortcomings and try to recover them at the earliest. The managers can make future forecast based on the current trend and can increase of sales by growing the sources of the business.
· Analytical Tasks: Data visualisation has a great impact on users to perform various analytical tasks which is not possible by using any other reports. The Business Intelligent data analyst are always try to update the visual data representation i.e. dashboard from time to time. This is because update the user with the passes of time. The senior supervisors are trying to analyses how to increase the volume of business. Thus everybody are become engaged with the data visualisation [36].
· Departmental Usage: Typically the stakeholders are not interested in details of the report. Rather they are agreed to view a bird’s eye view of how the business is running. A visual dashboard plays a vital role in such scenario. From the dashboard the stakeholders get a clear picture of the business trends and the future forecasting. The executives then give their input accordingly [36].

2.7 [bookmark: _Toc478168913][bookmark: _Toc481060124]Data Visualisation for Business
In business many different types of reports are used every day. The end users are spending their time on these reports. These reports are showing what has happened in the past. But it does not show what is going to happen. In text based reports or spreadsheets the main goal of the business remain on sheets, but the graphical representation of data eliminates such problems. From data visualisation the user can easily catch the existing patterns of the business and get an idea about the future trends and patterns (Lindquist [11]). From this the user can identify the shortcomings of the business and give necessary attention accordingly. The data visualisation easily processed by eye and accordingly response the brain to result in better and fast understanding of the data.
Small and large businesses are now replacing their text based reports with graphical presentations i.g. dashboards and other visual solutions to make data more usable. With such types of presentation the user can easily identify the business trend and get forecasting about the future [25]. As a result for visual data representation the productivity of the employee increases and makes the organisation more cooperative with its staff.
3. [bookmark: _Toc481060125]Requirement Analysis

3.1 [bookmark: _Toc481060126]Business requirements 
[bookmark: _Toc481060127]3.1.2 Functional Requirements:
Functional requirements are the important requirements must impellent into project. In this project work functional requirements are visualise the case study company’s data instead of represent them in tubular format so that organizations management can better understand their sales and marketing trends. Also, they can view customers from different regions and where their maximum orders are coming from. Also they can find out best employee and their performance from the visualised report. This project will also help them to estimate their projection and manage their stock level based on supply and demand. As their data was in row formatted previously it is very hard to make decision from it however, after implement this visualisation project company will get lots of benefits and will make their business process easier. System will also help them to make their business decision making process easier.  

[bookmark: _Toc481060128]3.1.3 Non Functional Requirements:
Non-functional requirements of this project work can be considered the usability issues of the visualised data. How easily user can use the application and get the information they needed to make business decision. It requires making sure appropriate colour scheme applied to visualise and differentiate data. Also, right data visualised into right forms. System will be evaluated by applying usability guidelines. 

4. [bookmark: _Toc478168922][bookmark: _Toc481060129]Research
In order to finalise the requirement analysis for a project it is required to research on that particular subject. Research is an art of scientific and systematic investigation. Referring the definition of research; the Advanced Learner’s Dictionary of Current English says research as “a careful investigation or inquiry especially through search for new facts in any branch of knowledge. [37]” Through research once can know which is unknown. The purpose of research is to identifying and specifying problems then formulating some ideas for the defined problems and collecting data from various sources. After the data has been collected they are then organise and evaluate and there are some deduction and addition of data, ideas, concepts etc. to rectifying the suggested solutions and finally to reach a conclusion. 
The methodology through which the total research process is done is known as research methodology. All the research methodologies are also an art of scientific and systematic approach to solve the targeted goals [38]. A research methodology shows various techniques and the adopted criteria by which a specific problem has been solved or to reach a solution. There is different research methodology practiced in the research industry. But the researcher has to be known not only how to develop specific test criteria, how to calculate the parameter, how to find out the respective data but also the researcher need to know which methodology is suited best regarding the project, how to apply certain research techniques and find out which techniques are relevant with the proposed project. If a proper research methodology is not chosen then it may lead the researcher to a wrong way which will cost the time and money also. To make a research successful it is very much important to choose an appropriate research methodology. Upon choose that the next steps will go in the right track. 

4.1 [bookmark: _Toc478168923][bookmark: _Toc481060130]Objective of Research
Research is done for specific purpose. Here the main objective is to discover the hidden truth among the large number of ideas. A proper research can be done in a system process. In this project the objective of research is as under.
· To gain the idea about the visualisation and its current uses
· To get an overview of the data visualisation characteristics across the organisation
· To determine the features which are uses associated with the data visualisation
· To check the causal relationship between variables in the data visualisation
· How to data visualisation minimise the large document report
· How to improve the data visualisation technique
To incorporate all the above objectives the writer analyses the research methodology that is practiced in the research industry [39]. Among the number of methodology the writer choose the onion research methodology for this proposed project. There are several stages in the onion research methodology which are very much appropriate for this project. Besides this methodology is comprises of several research project and different models so that it is assume that it can effectively adopted for different stages of this project. As per Saunders et al. the most effective model of its effectiveness, however, lies in its use [40].
[bookmark: _Toc481008653][bookmark: _Toc481060131]4.1.1 Qualitative Research 
Qualitative research gather information as non-numeric forms. This is a primary exploratory research and this type of research very useful for gain an understanding of underlying reasons, opinions, and motivations. Quotative data collection methods applying into the data source with very informally. Some of the most widely used methods are individual interviews, group discussions and observation or participation. A good  example can be consider for this type of research us gather data form open questions this allows respondents direct statements and comments about the facts. This also allows researcher to develop a real sense of persons understanding about the topics and their response. However, it is very time consuming matter and need lots of extra efforts to convert them into organized data set. 

[bookmark: _Toc481008654][bookmark: _Toc481060132]4.1.2 Quantitative Research
 Qualitative research used to gather numeric data and those data can be transformed to usable statistics form. This type of research uses to    measurable data and then apply appropriate methods to those data. Experiment mainly help us to gather quotative data. Experimental methods limit the possible ways in which a research participant can react to and express appropriate social behavior. For example ratings, any products or service in scale (like 0 for very dissatisfied and 10 for very satisfied). Quantitative data can be straight use in to the research to produce the results. Also results can be improve if researcher apply some filtering and other methods.

4.2 [bookmark: _Toc478168924][bookmark: _Toc481060133]Onion Research Methodology
The onion research methodology was developed by Saunders et al. Its adaptability lies for almost all research methodology [40]. The onion methodology can be used in a variety of context. There are several layer of this methodology. When the researcher starts his research he has to complete one layer then goes to the next layer. It is very effective that in each layer there is several choice of method so that it is the researcher who chooses his best one. Since there are way of choice so the researcher not to bound any one specific method rather he can analyse and compare which one is best suited for his research. The following is given an overview of each layer of this methodology.
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[bookmark: _Toc478169064][bookmark: _Toc480965371]Figure 4: Research Onion Methodology [41]
4.2.1 [bookmark: _Toc478168925][bookmark: _Toc481060134]Research Philosophy
The first layer says that how the research will be started. It may vary depending on the goal of the research. The research philosophy also varies on the way how to achieve the goals. Therefore the research philosophy is to determine by the writer depending the type of knowledge required for the project and the way how he wants to achieve that [42]. There are various types of research philosophy. 
· Positivism: In this type of philosophy there is assumed that the reality is stable and it can be described from the objective viewpoint. There is no relation of the phenomena being studied. Here it is maintained a structured framework.
· Interpretivism: In this philosophy there is assume that there are multiple reality and they are relative. There is no strict structured framework is used here rather a flexible research structure is used here which is receptive to capture human interaction behavior.
· Realism: This philosophy works on real data. This reality comes from the human mind. Here the development of knowledge is independent scientific approach that relies on the reaction of the human behavior. Direct and critical are two groups of realism philosophy.
· Objectivism: The social phenomena that is developed irrespective of social actors and their existence. There is assuming that the social actor exists in the reality.
· Subjectivism: This is the contrary of objectivism. Here the social phenomena are created from perceptions and consequent actions of the social factors that have exists in nature. 
Considering the above discussion the writer choose the positivism research philosophy for this project. This is because the data visualisation is stable in nature and it comes from real data [43]. There is no need to imagine the line of data unless the future perception is taken into consideration.

4.2.2 [bookmark: _Toc478168926][bookmark: _Toc481060135]Research Approaches
The research approach is the second layer of onion methodology. In this layer there is taken into consideration about the data and how these data has been collected. Here the researcher have make decision on the pattern of data and from that pattern the result has been retrieved. There are several types of approaches [44].
· Deductive approach: In this approach the assumption has been taken from the prior defined theory and the task is to test the result with this theory. Here the researcher observed that the result is fit without exception with the set contexts. Here the actual result is examined with the expected result. It is characterized as the development from general to particular.
· Inductive Approach: It is contrary of the deductive approach i.e. here the research is move from specific to general. It means there is no prior theory. Once the testing is complete and the patterns are kept. Then the next iteration the pattern is examined with the first iteration pattern. In this way the iterations are cycled. There is no framework of data collection and hence the result may not bind to the data that has been collected. Though there may found the result may fit into an existing theory but in the initial point this cannot be confirmed. It comes through the iteration of the tests [44].
· Quantitative Approach: This approach is concerned with quantitative data. Here the data has been collected as quantitative method such as the statistical result. This approach is most effective where there result contains large number of statistical data.
· The Qualitative Approach: This approach does not hold numerical respond rather it drawn from constructivist paradigm. Here the main challenge of the researcher that formulating the response behavior rather than cumulative figure. Since the behavior is analysed here so the design for the data collection would be behavioral analysis of the respondent. The researcher concentrates on the causative relationship between the variables not in the number of data under each variable [45].
Upon considering the above the writer chooses the research approach would be the deductive quantitative approach. This is because the data visualisation is specific at the end. Upon calculation with all the parameter then it comes to specific gradually. The quantitative approach collects the quantitative data which are then analysed and finally provides as a visual representation of data. 

4.2.3 [bookmark: _Toc478168927][bookmark: _Toc481060136]Research Strategy
The research strategy shows how the researcher will go forward his research work [46]. There are a number of research strategies.
· Experimental: Here the research is done in an experimental way i.e. the researcher has to examine the actual test result with the expected result. Upon that the researcher change the number of factors that creates variation on the test data. By iteratively changing the factors there would come when both the actual and expected result may matched. 
· Action: It is a practical approach. Here the researcher perform systematic process and then assessed the result. By doing this the researcher can improve their approach and understanding. Generally this type of approach is familiar in teaching or nursing profession.
· Case study: In this approach a case has been taken and analysed the corresponding outcomes based on individual view. A case study can give various ideas or thought. It depends on the individuals thinking or experience on which he can analyse it. It may also vary depending on culture and context of different individuals. A case study is very effective in financial research.
· Surveys: It is a quantitative research approach where sampling is done among the specified group of respondent. The sampling depends on the target goal of the research. The survey is very much effective on marketing since the individual customer view regarding a particular product or service can be taken independently. Though it takes time but the result gives some thoughtful data.
· Grounded theory: It is a qualitative data collection approach where the patterns are derived from the study. Here the result is derived fundamentally from the research. It is an inductive approach would like to fit the outcomes on the preexisting framework [46].
Based on the above research strategy the writer chooses the action approach. It is because the writer could get the result from a test where some action has been given. If the actual result is not up to the mark then there is chance to make some changed on the variables and then again check the actual result. This cycle is iteratively done until there is match the actual and expected result. This research strategy is also faster among the other research strategy. Due to time constraint is another reason for choosing this research strategy.

4.2.4 [bookmark: _Toc478168928][bookmark: _Toc481060137]Choices
The choice refers to decide the method of research. Since there are three individual types of research method i.e. the mono method, the mixed method and the multi-method (Saunders et al., 2007). The mono method refers only one research approach has been residing for the total project. The mixed methods refers there may be used two or more methods of research in the project. The multi method refers the same as mixed method but the main difference is that the mixed method involves separate two or more methodology but they all together creates a single dataset. But in the multi method approach the individual approach generates individual dataset. 
The writer choose mixed method approach for this proposed project. It is because there is flexibility to choose different methodology for each layer of the research but the ultimate goal is to create a single dataset at the end of the research. Though there is some benefits of using mono method but sometimes it becomes hard to use same method in different layers of the project. 

4.2.5 [bookmark: _Toc478168929][bookmark: _Toc481060138]Time Horizons
The Time Horizon refers the duration of the project to be completed. Cross sectional and longitudinal are two types of time horizons. For the particular phenomenon under a specific timeframe there is used cross sectional time horizon. It refers the data has been collected and the timeframe is established. On the contrary of cross sectional the longitudinal refers the collection of data can be done repeatedly over an extended period. Here the timeframe is changed over time to time [47]. 
The writer here in this project used cross sectional time horizon. Due to the time constraint the writer has chosen this approach. Both there are pros and cons of choice the individual time horizon the write kept strict on the timeline.
4.2.6 [bookmark: _Toc478168930][bookmark: _Toc481060139]Data Collection and Analysis
Depending on the research the data collection approach also changed. The data collection is very crucial issue in any research [48]. Regardless of the approach used in the project there are two types of data.
· Primary Data: These data are derived from first-hand sources. The first hand refers the historical data, or the respondents in interview or survey data. The primary data are best in nature since there is no chance of alteration of data in any place. When there is the research is very crucial then primary data is best suited.
· Secondary Data: These data comes from the work or opinions of other researchers. The secondary data comes from the journal, newspaper, media or any other source. The secondary data are huge and if there is required analytical research then the secondary data is best. The secondary data always be available or the collection of these data is comparatively easier [48].
Secondary data has been chosen by the writer for this project. Since sometimes it becomes difficult to collect the primary data and it is also time consuming so the writer is quite happy on the secondary data.
4.2.7 [bookmark: _Toc478168931][bookmark: _Toc481060140]Research Design
The research design is the description of how the research process will be completed. It refers the methodology has been chosen which is suited for the project and then the data collection techniques and the analysis of that collected data [49]. There are three designs are practicing in the research industry.
· Descriptive design: This design reflecting the experiences of respondents. Here the researcher made the research through where he gets the response. Based on that the research is conducted. 
· Explanatory design: It focused on how to effectively explain the characteristics of a respondent. When the research is done under the quantitative method and there is found the influence of one variable to another variable. These types of research design are time consuming. 
· Exploratory design: These types of research are trying to find out a new theory based on the data collection and their response. Here the research is started from general and then gradually move to specific [49].
5. [bookmark: _Toc478168932][bookmark: _Toc481060141]Development Methodology
In the software development industry there is a term widely used which is methodology. The entire software firm uses this methodology in their software development project. So what is methodology? A methodology is nothing but a combination of work process. According to Avison and Fitzgerald "A design Methodology is a collection of distinct phases for a project that help the developers for plan and implement a project" [50]. A methodology defines how the project needs to be completed in phase by phase. Properly maintaining a methodology ensures the successful completion of a software without involving any extra budget or time which is not in the prior approval for the project.
When a project manager designs his project he should follow a suitable methodology from the various methodologies which exist in the software industry. The choice depends on the pros and cons of the methodology which is best suited to his project. A methodology defines how the overall project is to be done. Here it is clearly defined which step should be done when and what are the prerequisites for that. Resource allocation is also be done according to the methodology. So there is no tension of resource allocation or no sudden requirement comes about to be completed. Every year lots of project fail due to not only maintaining a methodology but also not having a suitable methodology. Thus it is very important in respect to the successful completion of the software [50]. 
There are many methodologies practiced in the industry. Some are flexible in nature, some are restricted, some are suitable for large projects, and some are for small projects. In the proposed software the writer analysed the various pros and cons of the methodology and then decided to use one which is best suited of his project. 

5.1 [bookmark: _Toc478168933][bookmark: _Toc481060142]The Importance of Methodology
A software development is a structured process with collecting the user demands and then implements the demands into computer or other smart device interface. If it’s a large or group project software methodology requires proper team work to complete the software [51]. So there is no doubt about what to implement and maintain, a methodological approach is taken for the successful completion of software. There are different phases in a methodology and it is the project manager who assigns and manages respective resources for each phase of the methodology. An appropriate methodology ensures the successful ending of a project. A methodology should satisfy the following 
· A methodology provides a structured approach of work. It ensures that developers do not forget any task and binds themselves to complete the task within the timeframe.
· A methodology has different phases which are constant. Therefore using the methodology will make the entire project consistent. 
· Prior to any software development, the total budget is set as is the timeline for the project. It is the task of the project manager to ensure that the total project is completed within this budget and timeline. This can be accomplished by selecting the best suited methodology for the software development project.
· In the development of any software tasks are split into smaller parts which are manageable and easier to understand by the developer. Maintaining a methodology decreases the chances of forgetting anything in the project. This is done by maintaining a checklist of the tasks. There is another benefit of checklist that is the resource allocation. The project manager set the necessary resources for the respective tasks prior to the starting of the tasks.
· Using an appropriate methodology there is less chance of miscommunication between the separate teams of the project. Generally there are different teams working together in a large project. So synchronisation of tasks between these teams is essential. Any miscommunication may lead to project delay. So to avoid any miscommunication selecting and maintaining a good methodology is necessary.
· Maintaining a suitable methodology for the project ensures that the completion of the project within the defined timeframe and budget. There is less chance of exceeding the timeframe and budget unless unforeseen situations occur. Failing to fulfill the timeframe and budget may lead the management to think of an alternative way. 
· A methodology also minimises the risk involved with the project management. The risks may include inappropriate time schedule, unavailability of resource along with human resource, bugs, lack of understanding of requirements etc. In a methodology there are clearly defined phases and there are some prerequisites for each phase. So maintaining a methodology also reduces risks involved with the project [51].


5.2 [bookmark: _Toc478168934][bookmark: _Toc481060143]Multiview Methodology
This is a popular methodology where the based on ideas gathered from different methodologies like SSADM, ETHICS or other methodologies. The approach of this methodology is to break down the total tasks based on requirements [52]. The goal of this methodology is to incorporate further development as per the stakeholders requirements as there is development work within the establishment. It attempts to list the queries which are related to the organisation, the employees who are working within the organisation and the functions used in the information system of the organisation. Framework is termed to be flexible due to The Multi-view methodology which offers alternate selections between different methodologies. In this proposed project this methodology will not be suited because the requirements do not change frequently and the requirements are defined prior to development. Also, there is time constraint so this methodology will not be suitable to this project [53].

5.3 [bookmark: _Toc478168935][bookmark: _Toc481060144]Structured System Analysis and Design (SSADM) Methodology
This methodology refers to a set of standards for design and development an application. The logic of this methodology is similar to the waterfall methodology. Like the waterfall methodology there are rules for the project development and step-by-step guidelines. This method maintains a discipline and there is huge documentation required for the project. The developers get benefit from the documentation where all information for the step by step activities are documented. So the new developer won't feel any anxiety regarding the project for further development. Thus enhancement of project is quite friendly. It is most recommended methodology especially for the government software development since the government project is not done in one phase. There is time difference between one module developments to another module development [54]. Also this methodology will not be used for this project. 
5.4 [bookmark: _Toc478168936][bookmark: _Toc481060145]Waterfall Model
This is the oldest methodology in the software development industry. It offers a systematic, sequential approach for developing software. Here the phase starts form the system level i.e. the meeting with the stakeholders to the production runs of the software. Each individual phase is strictly maintained in this methodology. When one phase is completed then you go to the next phase, but there is no scope to revert back to the previous phase [55]. This methodology is suitable for projects where the requirements are clear and fixed, and the product definition is clear; the underlying technology is well understood. The methodology assumes that the resources are available and there is a clear project time line. This methodology works fine especially for the short time project period. If the project resource has any uncertainty, the project tasks are relatively complex and project length is higher then this methodology will not be suitable for that project. This method describes the development as a linear and sequential process. The waterfall methodology is relatively simple model and easy to understand and manage. Here the deliverables of each phase are specific and completed in a single time. Though this model is very popular and widely used, due to its restrictive nature this methodology will not be suitable for this proposed project [55].

5.5 [bookmark: _Toc478168937][bookmark: _Toc481060146]Rational Unified Process (RUP)
Similarly to most methodologies this methodology is basically used in the design and development of a system where this act as a disciplined approach for performing the tasks and responsibilities. This methodology is best suited where there is required standard software that meets the needs of its consumers, within a set schedule and budget. This methodology is widely used for developing medical related software. This methodology helps the team members with easy access to a knowledge base with guidelines, templates and thus it helps them to enhance their productivity. Here the process is defined by using a common language which is Unified Modeling Language (UML) [56]. The UML activity shows an early prototype of the software where the interactivity between related stakeholders are clearly defined. This also helps the developer to understand the user demands. The UML activity is for the tasks which is a part of the total tasks. The RUP methodology supports object oriented approach through UML. This is considered as an upgrade version of the Rapid Application Development. The writer of this project uses some of the UML activity logic but not taken this methodology for his project.

5.6 [bookmark: _Toc478168938][bookmark: _Toc481060147]Iterative Methodology
This is part of agile software development methodology. In Agile methodology the shorter development cycle is referred to as iterative methodology. In iterative methodology the total project is broken down into smaller chunks and then starts to design and develop each of the chunks. There may be different teams for working on different chunks and complete their job after several iterative cycles. Each individual cycle has its own process where the design, development, tests are involved. And upon completion of each steps in a cycle it goes down to complete stage. In the iterative stage the developer runs tests to spot where the bugs, errors, non-related information gatherings. There may be additional features to be designed, developed and tested until the system is fully completed. The iterative methodology works very well if the user requirements are understood and the project scope is constrained. This methodology is widely used for IS applications and is developed by using fourth generation techniques (4GT). Here each cycle consists of four stages. The first stage is the requirement collection stage, the second stage is the prototyping stage, the third stage is the design and develops and the fourth stage is the testing and implementation of the tasks [56]. 

5.7 [bookmark: _Toc478168939][bookmark: _Toc481060148]Choice of the Methodology and Justification
For this project the iterative methodology has been chosen. This methodology is considered the best suited methodology because of its distinct features.
· The aim of the software is to develop a highly specialised Information Systems.
· The user requirements are collected as formal process
· The requirements are documented through UML diagrams.
· Visual presentation of the user requirements done through UML diagrams.
· The risks are mitigated easily during the development period.
· Easier to manage future changes.
· The reuse of code can be done under this methodology
· The team member of the project is able to gain knowledge along the way
· Overall the quality is better than other methodology
· A step-by-step development process will meet the entire project
· It supports splitting the total projects into smaller chunks and then designs and develops each chunk individually and finally incorporates all the chunks and completes the required system.
· In the design and development phase UML diagrams will be used. These diagrams partly represent the proposed software activity and the respective stakeholder.  


6. [bookmark: _Toc478168917][bookmark: _Toc481060149]Design and Implementation
There is some common visual representation widely used today. Among them the chart, graphs, plots, maps, image are very known to all. But beyond this representation there are other tools and techniques uses for data representation. Whatever tools or techniques are used the main objective is to produce the data towards the end users in a visual way. Here the accuracy of the data is not the main concern rather the faster processing and loading the data into the dashboard or some other visual report is the vital issue. It is obviously a fact that if there are erroneous data available on the backbone then the visual representation doesn’t be able to produce good and accurate visual information. So the designer should not only keep in mind about the raw data but also there should be use efficient logic behind the visual representation of the data.

6.1 [bookmark: _Toc481060150]Steps of Data Visualisation
The end user wants to get their expected information in a visual form. They are not interested to know how the data is came from and what are the logic behind the scene. Their main concern is to see the pattern or representation of data in a faster and accurate manner. It is the designer who makes this possible to satisfy the end user to see their expected information. He has to maintain several steps to produce the tabular data into visual data. The common steps in data visualisation are given below.
[image: ]
[bookmark: _Toc478169063][bookmark: _Toc480965372]Figure 5: Data Visualisation Steps [57]

· Numerical Transformation: The data in the practical environment are not in the form that is used by the organisation. These data needs to be transforming so that it becomes information. After transforming data into information it can be used by the end users. Typically the transformation is done onto the numerical data. The numbers are needs to be transformed since they are abstract concepts. There numerical transformation includes
· Change the distribution of numbers so that they become suitable for visual presentation.
· After that redefining the numbers so that they become more adjustable with the data analyst that is intend to represent.
· Now create new aggregate meaning
· Data Analysis: It is process of applying different methods on the numerical transformed data. This is done in order to mathematical or graphical representation of data so that each data fall under certain category. Some data analysis methods include statistical, cluster and multidimensional etc.
· Graphical Interpretation: While completing the data analysis these data are then represented as graphical view based on magnitude, proportion, trend and slope etc. There are some ways of graphical interpretation such as user interaction, effective grids, keys and labels etc.
· User Interaction: When the data are graphically present it is ready for the end user to use. The user may not be familiar with the data. So interact with the user so that they get benefited from the data [57]. 

6.2 [bookmark: _Toc478168918][bookmark: _Toc481060151]Visualisation Technology in Business
Business organisation are using visualisation technology. Business Intelligence users are using the visual data mostly. The key technologies that driving the acceptance of visualisation in business environments are – 
· Multi Core Servers: Business organisation have two types of data both small and big data. For small data the existing server is quite sufficient to generate visual data. But for big data the typical server is not sufficient. Since there is using large analytics so the generation of visual data depends on server specification. Today’s 64-bit multi-core processors server are largely used for creating dynamic and interactive visual data [58].
· RAM: It refers to Random Access Memory. Since the bus speed is not similar with the CPU speed so there is use RAM. For visualisation of data the CPU works largely with the memory to process. On the other hand the cost of RAM is dropping so the use of RAM for data processing is under the ability of the stakeholders.
· Compression: Now the server is working with big data to produce visual report. Since the data volume is growing day by day so there is compression technique is used. This is because the compression allows the system to increase the amount of data holding in the memory so that it can process them faster without hampering its performance.
· Java applets/Active X controls: Now almost all application are on web technology. The system in web technology first execute as compiled code so that it is easy loaded in next time. This makes the loading of the system faster in the browser. Due to the user run command from browser client so this is quite benefit for generating visual data in a fastest way. 
· DHTML: The web application is written in scripting language inside HTML pages. The most modern web application technology is DHTML. Dynamic HTML (DHTML) uses scripting to animate a downloaded HTML page. The purpose of this technique is to retrieves new content from the server without interfering of the page. Generally this is done in background so that the end user not aware of this.
· Flash: Visual repressing of data uses different multimedia features such as Adobe Flash, Java applets, Microsoft Silverlight etc. Using these features support graphics and animation for displaying quantitative information in a graphical way. The user commands through the client and the application load both visualisations and data simultaneously in a single screen [58]. 

6.3 [bookmark: _Toc478168919][bookmark: _Toc481060152]Category of Data Visualisation Technology
There are two main categories of data visualisation technology – 
· Visual reporting: The reporting refers the numeric representation of data such as sales volume, stock volume etc. The visual reporting uses different types of charts and graphics to present business performance. There are various types of visual report. Among them dashboard is most popular. A dashboard provides users respective information by highlighting performance anomalies. About 85% visual representations of data are presented through dashboard. A dashboard can be design by an infinite number of ways [59]. It is the designer who designs the dashboard as per the organisation requirement. Sometimes a dashboard contain a series of related charts in a grid template, sometimes there is multiple tabs or radio buttons to segment data. 
· Visual Analysis: Visual reporting is the navigation of data with predefined metrics but visual analysis is not presenting data in the same manner. It provides higher degree of data interactivity where the user fined them to explore data discovering new insights. Visual analysis is mainly used for forecasting, modeling, and statistical of the patterns and trends of business. The user can filter, compare, and correlate data to find the respective trends with high speed. Generally the visual analysis are performed the higher officials who are responsible for financial, marketing, and sales analysis. There are various tools to explore data visually for analysis themselves. These tools compress and store data in memory and process data and finally represent data as charts, graphs, bars, pies or any other views [59]. 


6.4 [bookmark: _Toc478168921][bookmark: _Toc481060153]Design and Techniques of Data Visualisation
Designing data into visual form needs a decent designer with a decent background in data visualisation. Data visualisation is a challenging task which is related to many external issues such as good navigation, optimal metrics, user relevant data etc. To make a visual design successful there is needed a good collaboration among designers and business users. There are several design techniques adopted by different organisations to create dashboards. The designer creates simple dashboards for its users if they are not very familiar with it. If the user is habituated with dashboards then the designer can create multiple dashboards with different tabs or groupings of data. This ensures the usability issue related with visual data. Matching the right types of visualisations to the right audience can substantially increase user adoption of the dashboard. The followings are the design techniques for creating data visualisation [60].
· Define for which purpose the data visualisation is created. Whether it is for analysis purpose or communication purpose or both?
· Attention on the parameters required to generate the data visualisation.
· Understand the patterns of data required by the organisation and based on that determine the parameters that are significant to generate the report.
· Understand the user level of understanding and depends on that research on the data to represent. Since non familiar user or low understanding user don’t like such report and the intention of generating the report will go in vain.
· Communicate with the different types of audience and spend time on the key findings for the user requirement.
· For graphical representation of data line graph is used to track change over time and pie charts are used to compare parts of a whole data.
· While plotting the graph identify the relationship of X-Y plots.
· While coloured visual data is used keep the grids, axis labels, borders, etc. in shades of grey so that it creates attention of the viewers.
· The colour should be m meaningful in relation to the data patterns [60].

6.5 [bookmark: _Toc478168940][bookmark: _Toc481060154]Data Visualisation Challenge
· Text Based Report: Though the growth of data visualisation is enormous, still there are many companies are using text based reports or spreadsheets. The users in these companies spend almost two thirds of their time analysing data on such reports. Only a few companies are using data visualisation features [61]. 
· Old Habit: It is seen that there are some managers or executives who are still comfortable with the text based reports. They do not bring new technology into their division. Thus it’s clear that old habits die hard. They spent their past with the old style reports and feel rather uncomfortable with the visual alternatives. 
· Poor Visual Design: Sometimes there is some visual design where the content becomes so clumsy that the user rejects it. In such scenario the user cannot get the benefit of the visual representation of data. Suppose for a particular report the user needs to click several times then the ultimate goal of the new design is in vain. The user become frustrated if the respective visual design does not serve their purpose. 
· Visual Overload: Sometimes the designers bring too much information into a single report. As a result the report becomes overwhelming to the users. This is acceptable if users are familiar with data visualisation. Most new users become frustrated when seeing such massive report. Therefore, always keep reports as simple as possible.
· The Role of Text: Sometimes the user requires knowing the exact value of the data such as listing top 10 customers, top 10 products and so on. In such a scenario visual data may not be appropriate. Rather here the text based report is quite appropriate. The graphical views of data summarise the performance of a business but for exact information a text based report is very much appropriate [61].

6.6 [bookmark: _Toc481060155]Data Load
The dummy data has been loaded from the north wind database. After loading the data, these data are available in visual format. The company can load its own database onto the system and check the different graphs and then take its own strategic decision. The data loading process is given below.
[image: C:\Users\Abdul.Muttalib\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Northwind_A4_size_for_Print.png]
6.7 [bookmark: _Toc481060156]Homepage
The homepage is the main page of this particular system. When the user clicks on the application it will display. In the homepage there will be buttons for data load and to generate graphs. The screen shot is given below.
[image: ]

Home page of the website


6.8 [bookmark: _Toc481060157]Testing
Testing is a mandatory part of any development. It is necessary that when a developer developed a system he will maintain the design as per predefine set. So when the developer completes any part or module of the system or even a single screen he should keep it as per predefined set. Accordingly he tests that whether the new solution or screen fulfills the requirements. Later the solution comes to the tester end where the tester will test the overall system with some dummy data and check the system's movement can be precisely understand. It is very usual scenario that there come many flaws and bugs in this period and required to amendment as per the testing result. The aims of testing in this project will guarantee that the system functions as it should by the developer. It is essential to notice that system testing is different from a system evaluation. Testing is the thoroughly checkout of the whole system so that it can be ensure that all the important features it incorporates as set by the given authority. On the other hand the evaluation refers how well its requirements were achieved. Part of the testing phase may be applied within the system's implementation’s period. By doing this, individual system components were assessed as well as overall application functionality. 

6.8.1 [bookmark: _Toc481060158]Sample Data
During testing the tester required some dummy data. This is for checking the activity of the system and to view how it will react on that data. The dummy data needs to be loaded into the system prior to the testing. Here in this project the dummy data has been taken from the North Wind Database. The proposed system will check the different data visualisation graphs based on this data.

6.8.2 [bookmark: _Toc481060159]Unit Testing
Unit testing is done in order to check the system overall functionality. This test does not contain the business logic rather it limit itself onto the system functionality (2009 [18]). Suppose the data loading procedure. Test the button is working according to desired function. When the data load the system correctly loaded it into the system and prompt for user action if there is found any mismatch on that data. The user gets the correct information about the error so that they can take specific measure. After the data loaded the system should processed it without any error. This testing is also part of unit testing since there is a function which tasks it to processed the data. In the same way the overall of the system function is testing under this test criteria.

6.8.3 [bookmark: _Toc481060160]Black Box Testing
To assess the system internal functionality is working as per end user requirement there is another testing to preform which is known as Black Box testing. Here the aim is to check the expected result with the actual result (2005 [16]). The tester does not agree to identify how the result is provided by the system he only compares the expected and actual result. The tester knows the system specification and from that knowledge he does such testing. He has no interest to check the underlying architecture. If there are any ambiguities between outcomes then he informs the project manager and it is his responsibility to recover this problem. Basically here the tester acts as a user and does the input and output actions. He also notifies the issues like performance, security, reliability, scalability of the system so that the system would be free from such weakness. In this project there was perform the black box testing and satisfactory result found.

6.8.4 [bookmark: _Toc481060161]White Box testing
The aim of White Box testing is to confirm that the proposed system architecture works perfectly. This testing is to contrasts with the Black Box testing which examines system output from knowledge about the system's use of syntax. White Box testing has two direct benefits [62]. First, examining the table states while updating, deleting and creating processes, for instance, the developer is able to confirm that the left tables are being affected or queried. Moreover, the developer can query the record contents, to ensure the right and related fields in one or more tables have been correctly queried or affected, as suitable. The second benefit is leans more towards clients; such testing can simulate system stress that it may endure once deployed to see how it reacts.

6.8.5 [bookmark: _Toc481060162]Usability Testing
Use acceptance testing is done in order to test whether the system fulfill the user demand and to identify the usability issue. There are some requirements prior to the development of the system and the goal of the system is to incorporate those requirements into the system [63]. So to ensure that all the user requirements are successfully included into the system is the goal of this testing (2001 [19]). Another thing is that to test how the user feel to access the system i.e. the system colour, font, size, architecture, navigational system, data loading and processing procedure, the report, dashboard, the performance, the accuracy of the data all are tests through this testing. This is done by giving the software to the end user and ask them to use it as they want. The user has to be given a training if it is necessary or otherwise a short overview of the system is quite enough. Then put their feedback and the developer welcomes those and entertains if it is required for the sustainability of the system. 

7. [bookmark: _Toc481060163]Evaluation
Before the design and implementation there was conducted requirement analysis and based on those requirements the proposed system was developed. There are some requirements which are very much related with the project and are considered mandatory. It means without fulfilling those requirements the system cannot be a completed solution one. And there are some requirements which are not mentioned by the end users and the user is not bother on if. These types of requirements are not integral part of the project but if they can incorporate with the system it would enrich the user expectation. But the developer is not liable if he could not incorporate such requirements within the system. During the evaluation both types of requirements are evaluated and checked whether all those fulfill within the system. This will ensure that the system will be suitable to all.

7.1 [bookmark: _Toc481060164]Evaluation of functional requirements
To visualise the data on the board there were used graph. Graph is very widely used and is well known. So this technology is used in this proposed system. Here the graph is created by the SSRS technology.
For analysing the customer density and customer segmentation there will be used MapInfo database and MapInfo solution. This is very widely used nowadays and is very popular data visualisation solution. The company Ar Riyadh Food Supplier can get a clear view of their customer through this system and make plan accordingly. The proposed system will not only provide the customer density but also it helps to make different strategy based on customer segmentation. The company can analyse the influencing issues for the individual segmentation and take action accordingly. Besides this the company can utilise the data for future forecasting. Thus the system can help Ar Riyadh Food Supplier to get the benefit of data visualisation.

7.2 [bookmark: _Toc478168942][bookmark: _Toc481060165]Future of Data Visualisation
The world is moving into a new era of data visualisation. In the modern businesses, data visualisation plays a vital role. Business intelligence, technological advancement and multidimensional imaging are moving the uses of data visualisation towards a new horizon. However the principles of data visualisation won’t change.  Data visualisation enhances the effective uses of memory, and the stakeholders spend more time on decision making. Data visualisation helps them to make decisions more quickly and with less effort. According to a recent KPMG study data visualisation generating actionable insights is still a challenge, for example, accurate future predictions.
Due to the increase of volume of data size there are complex theories being invented such as, visualizing a particular data for more accurate results. The researchers are now devoted to modify and enrich the complex theory. Conventional data visualisations are two-dimensional. However with the uses of size and colour, combination of time and space, and advanced computer graphics it is possible to make the visual data more dimensional. Neuroscientists Emmanuelle Tognoli and Scott Kelso developed a five-dimensional model known as the 5-D colorimetric technique. This 5D data gives a comprehensive view of brain activity. Microsoft’s Holograph uses 3D platform to produce dynamic images. 
As the technology is changing day by day the uses of data visualisation will also increase. The uses of Internet will also enrich the data visualisation technique in many ways, for example, finding the most recent information on data visualisation as soon as it is spread online. 

8. [bookmark: _Toc478168941][bookmark: _Toc481060166]Recommendations
Data visualisation is an important part of Business Intelligence. This is necessary for analysing the current trend of the business from where the stakeholder can take effective decisions towards earning profit. Here are some data visualisation recommendations that can be incorporating with the organisation [10].
· Identify the different types of users i.e. the end users since each types of user has their different visualisation requirements
· Focus on user’s requirements first i.e. what is the information users need to extract and why they would require such information
· Populate high quality data into the visual environment
· Take user’s feedback against the visual data 
· It may be happen that the design is not perfect at the first time. There may need to change or update the design time to time. So iterate the design time to time to improve the design quality
· Avoid any content with the visual data which is not related with the actual visual data. It is wise to avoid unnecessary decoration to the visual representation
· User prefers to view all the required data at a glance without any click or moving the visual data. Make the visual representation at a single picture and it is the user’s wish if they want to view any particular data with one or more click.
· Data sparse refers that the visual data contain only the data which is required. On the other hand data dense refers that the data contents is solid. Try to balance between sparse and dense.
· User tabs or group data to balance between sparse and dense.
· Familiarise the user with the data and the visual environment.
· Use the built in template to generate visual representation of data for faster and easier processing. After familiarity is gained try to make dynamic and own formatted data visualisation.

9. [bookmark: _Toc481060167]Personal Reflections
It was a nice experience for me since this is the first time real life project is done by myself. I’m really thankful to everyone for giving me the chance to take this opportunity. Here I can invest my learning that was gained during my study in the graduation and research and other course completing assignments. Though the course class tests, assignments and reading materials are good enough for understanding any subject but implementing that knowledge in real life is something different. Here it is required to use both technical and non-technical issue side by side. The combination of such technical and non-technical matter was really exciting for me and it taught me lots of things and made me confident. Now I can proudly say that this was apparently a clever experience for me.
When I first choose this topic as my project I was not aware of its vastness. I took it as an ambitious project. But after choosing it and during the time interval to work on it I gradually understand how big and challenging this was to me. I came to know the real view of the project. Sometimes I thought that it is not possible for me to complete this project or if it is possible I may not be able to catch up the time line of the project. But I was lucky enough that my classmates as well as my supervisor as they give me the courage to take this challenge. Gradually I became confident that I could successfully complete this project. I wondered if I could complete this project successfully would it make a positive impact on human's lives. I was aware of the limitation of my programming skills and designing skills, but I was very lucky because of my supervisor’s support and motivation. It may not be possible to complete this project without his decent supervision, and him consistently pushing me to do better. His valuable guidance on most of the project components was a huge help. I never forget his support as because such support played a crucial role to successfully completing the project.
During the study there were other modules that were compulsory for me. So I took participate of those modules and successfully completed the class tests and other assign assignments. Yes I did alright on those modules but when working with this project I came to know that how much difference exists between my academic knowledge skills and professional skills. The thinking of problem solving mechanism is different and wide which I came to understand by doing this project. Obviously my course assignments gave me courage and confidence to move forward and luckily I could successfully complete this project. There was chosen of methodology for the development of my project. Though I was familiar with academic knowledge about the different development methodology but when choosing the methodology made analysis on the different pros and cons between such methodologies. Finally I can select the methodology for my own project. Thus this project will help me in my future life to be confident and more certain of my choices.
Time management is one of the valuable and important lessons I have learnt during my year. At the beginning I have found it difficult to maintain the project schedule. So I got myself into some problems towards the end of the project period. I had to rush lots of tasks in order to reach the finish line. I had to split my project into modular basis. The process I followed was to take one module and complete it and then take another module. Some unavoidable issues came across during the project period which also impact on my project schedule also such as the loss of loved ones. In conclusion, this project was a terrifying experience for me and I learnt how to properly manage my time and carefully make the right decisions when working on a project.
In general, I am happy that I have completed this project even though there were loads of stress and hard work involved. This is the first time I work on a major project and it is very satisfying to look at what I have completed. I feel that this will definitely help me in applying all the skills I have learnt in this project in my future life.

10. [bookmark: _Toc481060168]Conclusion
Visualisation of data is mostly the requirements from the organisations no matter the size of the organisation. Now the business becomes more competitive and the stakeholders are now more engaged on analysis of data rather than earning profit. In such scenario data visualisation plays a vital role in the business industry by moving them in the visual format rather than tabular format. The stakeholders are happy to see the overall picture in a nutshell at a glance. The project was a challenge for the writer and it gave confidence to himself by successfully conducting it. The writer learned many things either academically and professionally. It also made the writer understand both the technical and non-technical issues concurrently. Though there were some issues arises during the project but at the end of the day it is completed successfully. Data visualisation has a great importance in the current world no matter what types of organisation is using it and its demand is growing day by day. New technologies are invented to make visualisation easier. Also researchers are working on how to make it more convenient to end users. Overall it can be said that this project is very much related with the practical market and the writer and the stakeholder both get benefited from this project.
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[bookmark: _Toc481060170]Appendix A: User manual
[bookmark: _Toc481060171]Login
The following screen shot is the application log in page. By proving user name and password user can login into system and then will navigate to home screen. 
[image: ]









[bookmark: _Toc481060172]Home Screen
The home screen is the main page of this proposed system. When the user click on the system this screen will appear. The user can get the details information by clicking the button. The screen shot is given below.
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[bookmark: _Toc481060173]Database Relationship Diagram 
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[bookmark: _Toc481060174]Data Loading
The user needs to load the data prior to visual it. There is mechanism to load data into the system. After loading successfully of data it is shown as per below.
[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.827\MapInfoData.PNG]











[bookmark: _Toc481060175]Best Employees
The following data shows the best employees in the organisation. 
[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.332\BestEmployees.PNG]

[bookmark: _Toc481060176]Employees by Country
This map shows the location of Employees.
[image: ]


[bookmark: _Toc481060177]Customer by Country
The following map shows the customer by country wise.
[image: ]

[bookmark: _Toc481060178]Orders by Country
The following map shows orders being shipped to which country labeled by customer name.
[image: ]

[bookmark: _Toc481060179]Customer by State
State wise customer data is shown from the below diagram
[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.227\CustomerByState.PNG]
[bookmark: _Toc481060180]Customer by Density
If the management wants to know the customer density then it is possible to view from the system. The following diagram shows the data of customer by density.
[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.053\CustomerDensity.PNG]



[bookmark: _Toc481060181]Products by Category
The following figure shows the products by category wise.
[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.969\ProductByCategory.PNG]
[bookmark: _Toc481060182]Product by Sales
The following figure shows the data of products by sales volume.
[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.706\ProductsSales.PNG]



[bookmark: _Toc481060183]Sales by Category
The following diagram shows the sales volume of the company. This is shown with the category wise.

[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.056\salesbyCategory.PNG]
[bookmark: _Toc481060184]Sales by Employee
The below figure describe the data of sales volume. It comes with the employee basis.
[image: C:\Users\ADMINI~1\AppData\Local\Temp\Rar$DIa0.871\SalesByEmployees.PNG]


[bookmark: _Toc481060185]Menu Items 
Menu item for user based on their access level
[image: ]
[bookmark: _Toc481060186]User Profile

User can update password or logout from the systems using following navigation panel. 
[image: ]







[bookmark: _Toc481060187]Appendix B: System Performance Results 

The performance result of the data visualisation compared with tubular formatted data are finding from the formatted questionaries’ to and their response are given into following table 
[image: Image result for data visualization requirements]











[bookmark: _Toc481060188]Appendix C: Sample Code 
[bookmark: _Toc481060189]Display Top 10 Products 
ASPX Code
	<%@ Page Language="C#" AutoEventWireup="true" CodeBehind="Top10Products.aspx.cs" Inherits="Visualisation.Top10Products" %>
<%@ Register Assembly="Microsoft.ReportViewer.WebForms, Version=12.0.0.0, 
Culture=neutral, PublicKeyToken=89845dcd8080cc91" 
Namespace="Microsoft.Reporting.WebForms" TagPrefix="rsweb" %>

<!DOCTYPE html>

<html xmlns="http://www.w3.org/1999/xhtml">
<head runat="server">
    <title></title>
</head>
<body>
    <form id="form1" runat="server">
    <div>
     <asp:ScriptManager ID="ScriptManager1" runat="server">
    </asp:ScriptManager>
        <rsweb:ReportViewer ID="ReportViewer1" runat="server" Font-Names="Verdana" Font-Size="8pt" ProcessingMode="Remote" WaitMessageFont-Names="Verdana" WaitMessageFont-Size="14pt" Height="100%" Width="100%">
            <ServerReport ReportPath="/Top10Products" ReportServerUrl="http://desktop-nockvvk:8080/ProjectReports" />
        </rsweb:ReportViewer>
    </div>
    </form>
</body>
</html>




C# Code
	using System;
using System.Collections.Generic;
using System.Linq;
using System.Web;
using System.Web.UI;
using System.Web.UI.WebControls;

namespace Visualisation
{
    public partial class Top10Products : System.Web.UI.Page
    {
        string urlReportServer = "http://sqlDBServer//Reportserver";
        rptViewer.ProcessingMode = ProcessingMode.Remote; 
        rptViewer.ServerReport.ReportServerUrl = new Uri(urlReportServer);
        rptViewer.ServerReport.ReportPath = "/Top10Products"; 

        
        ArrayList reportParam = new ArrayList();
        reportParam = ReportDefaultPatam();

        ReportParameter[] param = new ReportParameter[reportParam.Count];
        for (int k = 0; k<reportParam.Count; k++)
        {
            param[k] = (ReportParameter) reportParam[k];
    }

    rptViewer.ServerReport.SetParameters(param); 
        rptViewer.ServerReport.Refresh();
    }
    catch (Exception ex)
    {
        throw ex;
    }
}























[bookmark: _Toc481060190]Display Top 10 Employee 
ASPX Code
<%@ Page Language="C#" AutoEventWireup="true" CodeBehind="Top10Employee.aspx.cs" Inherits="Visualisation.Top10Products" %>
<%@ Register Assembly="Microsoft.ReportViewer.WebForms, Version=12.0.0.0, 
Culture=neutral, PublicKeyToken=89845dcd8080cc91" 
Namespace="Microsoft.Reporting.WebForms" TagPrefix="rsweb" %>

<!DOCTYPE html>

<html xmlns="http://www.w3.org/1999/xhtml">
<head runat="server">
    <title></title>
</head>
<body>
    <form id="form1" runat="server">
    <div>
     <asp:ScriptManager ID="ScriptManager1" runat="server">
    </asp:ScriptManager>
        <rsweb:ReportViewer ID="ReportViewer1" runat="server" Font-Names="Verdana" Font-Size="8pt" ProcessingMode="Remote" WaitMessageFont-Names="Verdana" WaitMessageFont-Size="14pt" Height="100%" Width="100%">
            <ServerReport ReportPath="/Top10Products" ReportServerUrl="http://desktop-nockvvk:8080/ProjectReports" />
        </rsweb:ReportViewer>
    </div>
    </form>
</body>
</html>

C# Code
	using System;
using System.Collections.Generic;
using System.Linq;
using System.Web;
using System.Web.UI;
using System.Web.UI.WebControls;

namespace Visualisation
{
    public partial class Top10Employee : System.Web.UI.Page
    {
        string urlReportServer = "http://sqlDBServer//Reportserver";
        rptViewer.ProcessingMode = ProcessingMode.Remote; 
        rptViewer.ServerReport.ReportServerUrl = new Uri(urlReportServer);
        rptViewer.ServerReport.ReportPath = "/Top10Employee"; 

        
        ArrayList reportParam = new ArrayList();
        reportParam = ReportDefaultPatam();

        ReportParameter[] param = new ReportParameter[reportParam.Count];
        for (int k = 0; k<reportParam.Count; k++)
        {
            param[k] = (ReportParameter) reportParam[k];
    }

    rptViewer.ServerReport.SetParameters(param); 
        rptViewer.ServerReport.Refresh();
    }
    catch (Exception ex)
    {
        throw ex;
    }
}
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	COMPONENT
	REQUIREMENT

	Feature Computer and processor
	Processor 1 gigahertz (GHz) or faster x86-bit or x64-bit 

	Feature Memory
	At least 2 GB RAM
At least Mac: 4 GB RAM

	Feature Hard disk
	PC: 3.0 GB of available disk space
Mac: 6 GB of available disk space. HFS+ hard disk format
(also known as Mac OS Extended or HFS Plus)

	Feature Display
	PC: 1024 x 768 1024 by 768screen resolution
Mac: 1280 x 800 1280 by 800screen resolution

	Feature Graphics
	HD Graphics card.

	Feature Operating system
	PC: Windows 10, Windows 8.1, Windows 8, Windows 7 Service Pack 1,
Windows Server 2016, Windows Server 2012 R2, Windows Server 2012,
or Windows Server 2008 R2
For the best experience, use the latest version of any operating system.

	Feature Browser
	The current version of Internet Explorer, Microsoft Edge

	Feature.NET version dot NET version
	.NET 4.0, 4.5, or 4.6 CLR to also be installed.

	Feature Other
	Internet enabled machine

	Server
	Microsoft Report server, SQL Server 2016

	Other
	Visual Studio 2015 +
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[bookmark: _Toc481060193]Java Scripts Code 
	$(function () {
    $('[data-toggle="tooltip"]').tooltip();
    $(".side-nav .collapse").on("hide.bs.collapse", function () {
        $(this).prev().find(".fa").eq(1).removeClass("fa-angle-right").addClass("fa-angle-down");
    });
    $('.side-nav .collapse').on("show.bs.collapse", function () {
        $(this).prev().find(".fa").eq(1).removeClass("fa-angle-down").addClass("fa-angle-right");
    });
})



[bookmark: _Toc481060194]
CSS
	@import url('https://maxcdn.bootstrapcdn.com/font-awesome/4.3.0/css/font-awesome.min.css');

@media(min-width:768px) {
    body {
        margin-top: 50px;
    }
    /*html, body, #wrapper, #page-wrapper {height: 100%; overflow: hidden;}*/
}

#wrapper {
    padding-left: 0;
}

#page-wrapper {
    width: 100%;
    padding: 0;
    background-color: #fff;
}

@media(min-width:768px) {
    #wrapper {
        padding-left: 225px;
    }

    #page-wrapper {
        padding: 22px 10px;
    }
}

/* Top Navigation */

.top-nav {
    padding: 0 15px;
}

    .top-nav > li {
        display: inline-block;
        float: left;
    }

        .top-nav > li > a {
            padding-top: 20px;
            padding-bottom: 20px;
            line-height: 20px;
            color: #fff;
        }

            .top-nav > li > a:hover,
            .top-nav > li > a:focus,
            .top-nav > .open > a,
            .top-nav > .open > a:hover,
            .top-nav > .open > a:focus {
                color: #fff;
                background-color: #1a242f;
            }

    .top-nav > .open > .dropdown-menu {
        float: left;
        position: absolute;
        margin-top: 0;
        /*border: 1px solid rgba(0,0,0,.15);*/
        border-top-left-radius: 0;
        border-top-right-radius: 0;
        background-color: #fff;
        -webkit-box-shadow: 0 6px 12px rgba(0,0,0,.175);
        box-shadow: 0 6px 12px rgba(0,0,0,.175);
    }

        .top-nav > .open > .dropdown-menu > li > a {
            white-space: normal;
        }

/* Side Navigation */

@media(min-width:768px) {
    .side-nav {
        position: fixed;
        top: 60px;
        left: 225px;
        width: 225px;
        margin-left: -225px;
        border: none;
        border-radius: 0;
        border-top: 1px rgba(0,0,0,.5) solid;
        overflow-y: auto;
        background-color: #222;
        /*background-color: #5A6B7D;*/
        bottom: 0;
        overflow-x: hidden;
        padding-bottom: 40px;
    }

        .side-nav > li > a {
            width: 225px;
            border-bottom: 1px rgba(0,0,0,.3) solid;
        }

        .side-nav li a:hover,
        .side-nav li a:focus {
            outline: none;
            background-color: #1a242f !important;
        }
}

.side-nav > li > ul {
    padding: 0;
    border-bottom: 1px rgba(0,0,0,.3) solid;
}

    .side-nav > li > ul > li > a {
        display: block;
        padding: 10px 15px 10px 38px;
        text-decoration: none;
        /*color: #999;*/
        color: #fff;
    }

        .side-nav > li > ul > li > a:hover {
            color: #fff;
        }

.navbar .nav > li > a > .label {
    -webkit-border-radius: 50%;
    -moz-border-radius: 50%;
    border-radius: 50%;
    position: absolute;
    top: 14px;
    right: 6px;
    font-size: 10px;
    font-weight: normal;
    min-width: 15px;
    min-height: 15px;
    line-height: 1.0em;
    text-align: center;
    padding: 2px;
}

.navbar .nav > li > a:hover > .label {
    top: 10px;
}

.navbar-brand {
    padding: 5px 15px;
}






[bookmark: _Toc481060195]Appendix E: Data Visualisation and System Testing Survey.

The following screenshots include the system testing and data visualisation survey that was completed by 5 undergraduate university students.
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