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[bookmark: _Toc164087772]Abstract 	Comment by Andrew Green: 8695 words - within 10%
The project developed a Data Visualisation (DV) application to facilitate and enhance user comprehension of inventory data.  Through a comprehensive investigation, including a literature review, design, development, testing, and evaluation, the project addressed key objectives.  Utilising principles of Human-Computer Interaction (HCI) and Gestalt Psychology, the application was designed to provide an intuitive user experience.  While the project achieved its primary goal, there are opportunities for future improvement, including ameliorating the application’s handling of diverse data formats and expanding its functionality to support multiple files.  Overall, the project contributed valuable insights into DV techniques, HCI principles, and software development methodologies, laying the foundation for future endeavours in this domain.
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[bookmark: _Toc164087773]1. Introduction

Utilising visualisations to comprehend data is an essential mechanism to assist organisations in making informed decisions.  With its proliferating nature, organisations can benefit from attaining knowledge of what their data represents for future business endeavours (34 p.1903-1905, 35).  Conveying data through traditional processes such as spreadsheets can be challenging to interpret and obtain a thorough understanding of the data’s true potential, especially for non-technical personnel.  Adopting visualisation techniques should mitigate these challenges and facilitate users’ decision-making (58).
The project will investigate a DV solution for a client who conducts inventory inspections.  The client uses Capcon, an inventory management system that executes spreadsheets, which are saved in a Portable Document Format (PDF).  Subsequently, interpretation challenges emerge when the client conveys the results to their customers.  To combat this, an application will be developed that involves using an Extract, Transform, Load (ETL) process to convert data into visualisations to enhance comprehension.  Additionally, Capcon restricts usage to a single user and device, limiting accessibility for the client's coworker in a separate location.  Mitigating this obstacle should empower the clients’ workflow significantly.
This project aims to evaluate the effectiveness of the client adopting visualisations to analyse inventory data.  A series of objectives will be carried out that involve gathering system requirements through primary interviews and secondary research of literature, designing and developing the application by utilising various technologies and reflecting upon the effectiveness of the development model.


[bookmark: _Toc164087774]2. Literature Review

[bookmark: _Toc164087775]2.1 Data Visualisations

[bookmark: _Toc164087776]2.1.1 Origins
The analysis and storage of data by humans, postulated by Firican (1), is dated back to 18,000 BC with the discovery of The Ishango Bone that represents lined notches for tribes to keep track of daily trades and activities.  However, it is believed that DVs date back to the late 10th or early 11th century, with an example by Cicero (Figure 1) consisting of the daily astronomy and physics being reviewed through time function collections of planetary orbits (2 p.1-3, 3 p.2426).  For a brief explanation, the zodiac zone was depicted for this purpose on a plane with a horizontal line that was divided into thirty pieces, representing the time or longitudinal axis, whereas the width of the zodiac is displayed on the vertical axis.  
[image: A graph with lines drawn on it

Description automatically generated]
Figure 1: Approximately 10th or 11th-century time-series graph by Cicero


The origin visual representation of statistical data, created in a graphical formation (Figure 2) that portrayed the longitudinal distance from Toledo, Spain to Rome, Italy is believed to be the work of astronomer Michael Florent van Langren in 1644 (4 p.1).  The creation of this chart helped with solutions to mitigate physical measurement concerns throughout the 16th and 17th centuries, for instance, problems in measuring longitude distances (4. p.4).  Stars were used to measure latitude distances whereas determining accurate longitude distances, was more complex (2 p.4).


[image: A close-up of a graph

Description automatically generated]Figure 2: Toledo to Rome distance graph by Langren



Statistical graphics such as line graphs and bar and pie charts that are present today, were first created and published in 1786 by William Playfair (1, 5).  Through the interaction of cartographers, engravers, and printers, Playfair invented many data techniques that helped navigate perception and enhanced the cognitive process of how humans perceive DVs as a universal language.  Figure 3 represents a bar chart to display the imports and exports of Scotland over one year. 

[image: ]
Figure 3: Bar graph by Playfair (1786)





[bookmark: _Toc164087777]2.1.2 DVs Through Business Motives
[bookmark: _Int_r0MroPac]The essence of DVs is imperative in modern organisations, aiding business processes through logical and graphical representations of intrinsic datasets.  Non-technical personnel can simplistically decompose the data to gain insights and make data-driven decisions.  DVs cover various areas where organisations can improve to empower business processes like discovering market trends, Key Performance Indicators (KPI), and discrepancies (5 p.133).  Applying DVs, top-level management who obtain no involvement with data analysis on a day-to-day basis will be able to comprehend large datasets and calculate their full potential, to make smarter choices moving forward.  Although organisations invest in technologies to collect and store their data, using DVs to facilitate its use is crucial for them to succeed (6 p.1-2).

[bookmark: _Toc164087778]2.1.3 DV Techniques
Srivastava (7 p.126) advocates for data analysts to choose efficient data representation techniques.  Examples of these techniques include bar and column charts, in which the length of each rectangular bar indicates the magnitude of a specific data point, helping compare data across categories (Figure 4).  Pie charts are useful for examining how the quantity of a part relates to the other parts and the whole, or for differentiating size proportions (Figure 5), and line graphs represent a succession of points connected by lines which each represents a data point for a specific period where trends can be detected (Figure 6).  Figure 7 displays a combo chart comprising bar and line representations as an option to amalgamate analysis.  The type of data being examined, the desired insights, and the intended audience will all influence the DV technique selection (7, 8).  These techniques facilitate in conveying information across domains like inventory management, customer interactions, and competitor analysis.  As data proliferates rapidly, integrating visualisation disciplines becomes vital for firms to augment their economic moat (9 p.1).
[image: A graph of different colored bars
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Figure 4: Column graph

[image: Excel Pie Chart Good Bad Examples Videos ◔ - Contextures]
Figure 5: Pie chart

[image: A graph of sales and software
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Figure 6: Line graph

[image: A graph of sales and profit
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Figure 7: Combo chart
[bookmark: _Toc164087779]2.2.4 Key Representatives
Discussing human development trends, Hans Rosling utilised visualisations like charts and mapping techniques (Figure 8) to present sophisticated datasets (10).  Using a bubble chart, he effectively decomposed a large volume of statistical data, allowing the audience to comprehend relationships between variables over time.  This talk was pivotal in the data world, igniting an understanding of how to utilise and convey data complexities across a timescale (11).  Over time, he presented several talks and believed ignorance exists around global statistics.  Through his Gapminder foundation, Rosling was able to identify misconceptions of global proportions and trends.  He was subsequently, alerting and aiding the world’s top public and private decision-makers to understand these complex datasets (12 p.105). 
[image: The best Hans Rosling talks you've ever seen | TED Talks]
Figure 8: Hans Rosling presents statistics through a bubble chart.

Edward Tufte, a DV expert, posited that the most simplistic graphics to comprehend are thoroughly well-designed in nature.  Tufte believes that viewers of statistical graphics should only be captured by the content of the data and the graphics serve as a tool to facilitate individuals when debating with quantitative data (13 p.91).  Perceiving complex datasets through visualisations is an effective approach to analyse, summarise, and project quantitative information.  A collection of miniature data graphics that are affiliated to a data set where the human eye can compare simultaneously are known as ‘small multiples’ (Figure 9), a term popularised by Tufte.  The number of variables (dimensions) that can be viewed collectively and compared is significantly increased by small multiples.  Several graphs are displayed simultaneously in a different way, with each graph examining a distinct component of the shared data set (14 p.5). 
[image: A screenshot of a graph
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Figure 9: Small multiple waffle charts
[bookmark: _Toc164087780]2.2.5 Existing Platforms and Tools
[image: Intro to dashboards for Power BI designers - Power BI | Microsoft Learn]Off-the-shelf DV platforms like Microsoft's Power BI offer a collection of tools for organisations to integrate and visualise diverse operational data.  Consumers can save time and resources for tasks of all sizes that would have previously been done manually by making use of the platform’s automated and interactive features.  Power BI transforms complex, structured data from sources like databases, spreadsheets and JSON files into user-friendly reports and dashboards (Figure 10).  Users can select visualisations and apply filtration methods to transparently represent the data, although operating Power BI to its full potential requires a certain skill level, depending on the complexities of the dataset (15).  
Figure 10: PowerBI Dashboard
Tableau provides development and user-service environments within its drag-and-drop interface.  It is extensively utilised in the field of data analytics and provides many capabilities, such as infographics, geographic mapping, data cleansing, and data plotting (Figure 11).  The advantages of Tableau become apparent when several sizable datasets are used to produce charts in interactive dashboards that facilitate the discovery of patterns and trends (14 p.318). 
[image: Tableau Dashboard - Superstore]‌ 
Figure 11: Tableau Dashboard
Alternatively, businesses can develop bespoke DV applications that are customised for their specific requirements.  This approach provides streamlined methods that are tailored to a given dataset.  Data security is magnified with bespoke as it is not shared with the vendor, unlike an off-the-shelf system (15).  Bespoke applications help to combat challenges in rendering the data for comprehension by sticking to techniques that best fit the data.  Furthermore, avoiding these complexities will reduce the training and skill needed for each user (6 p.2).
Researching literature on the various fields of visualisations will help significantly through the design and implementation stages to provide a framework to facilitate utilisations and comprehension for the stakeholders.

[bookmark: _Toc164087781]2.3 Human Cognition 

[bookmark: _Toc164087782]2.3.1 Perception of Visuals 
Adopting data visualisations is crucial for communicating complex datasets effectively.  However, selecting the appropriate techniques and elements to encapsulate the data’s meaning is paramount.  Depending on user needs, interpreting how humans perceive visualisations is a cornerstone for the data to attain logical conveyance (16 p.9).  Few (17) supposes that there is an intact relationship between the human visual and thought processes.  How individuals process thought is largely attached to the human eye due to all bodily senses contributing to roughly 70% of vision.  Cognitive and perception processes work simultaneously, and depending on the visualisation, patterns will either make sense or be imperceptible (et al Ware) (17).  Moore (18 p.131) concurs, highlighting the cognitive tasks performed by the brain are based on visual input.  
The perception tasks include image processing, where part of the brain executes complex analysis to comprehend the visual input from the eye (Figure 12).  Understanding human perception will be detrimental to designing the application to facilitate each user when analysing each data segment to contribute towards an intuitive application.  For instance, adopting the correct visuals to represent specific data, integrating appropriate colours and font, and placing each element of the graphs and charts systematically will aid in converging the processes between the user’s eye and brain (17). 
[image: A diagram of data transformation
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Figure 12: The Visualisation Process
[bookmark: _Toc164087783]2.3.2 Human-Computer Interaction (HCI)
HCI first existed in the computer science field that involves the study of the interaction between humans and computers.  Designing, implementing, and assessing interactive systems within the framework of the user's task and work are all part of HCI (19 p.4).  Dix (20 p.3) asserts that HCI dates to the 1950s regarding a study by (Shackel et al) on the redesign of an analogue system’s control panel.  This research incorporated principles of HCI, focusing on design, visuals, and prototyping.  Carroll (21) states that HCI became more prevalent when personal computers were popularised in the late 1970s.  Presently, it is used in multiple domains including user interfaces, visualisations, and system development (Figure 13).  
Huang (22 p.1) articulates that a system’s user interface is at the forefront of interaction.  Designers and developers should maintain HCI principles that make computers usable to the user so that goals can be completed.  Developing an intuitive application will be aided by lowering barriers between the computer's interpretation of user tasks and the intended user purpose of the human cognitive paradigm.  
[image: A diagram of different colored circles
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Figure 13: Holistic representation of HCI domains 



[bookmark: _Toc164087784]2.3.3 Gestalt Psychology 
Co-founded by Koffka and Kohler, Gestalt Psychology delves into the sensations and perceptions of humans (23).  It suggests that the human brain initially divides elements into parts to create a perception of the world as a complete and meaningful experience.  The brain naturally organises information to form relevant and segregated wholes (24 p.139).  
A series of Gestalt principles were formulated by the founders which contribute to grouping elements to coordinate visual perception.  Each of these principles offers acute insights into developing efficient visualisation dashboards to protrude data anomalies, differentiate and compare data to empower comparative analysis, and converge data to identify patterns.  The definitive names of these Gestalt principles are unambiguous.  Similarity: the state in which two objects are the same size, shape, orientation, and colour (Figure 14); Continuity: formed by the eye being compelled to move from one object to another (Figure 15); Connection: the perception that two objects are joined together (Figure 16); Proximity: resulted through objects being closely intact (Figure 17); Closure: occurs when things that are not entirely complete but are viewed as closed and complete (Figure 18); and Figure and Ground: an object in the foreground is the Figure and anything that is located behind it is the Ground (Figure 19) (17, 25 p.181,189-190). 


[image: A comparison of different shapes
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Figure 14: Gestalt Principle of Similarity


[image: A close-up of a wire
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Figure15: Gestalt Principle of Continuity


[image: A blue circles and lines
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Figure 16: Gestalt Principle of Connection

[image: A group of dots on a white background
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Figure 17: Gestalt Principle of Proximity

[image: A close-up of a white background
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Figure 18: Gestalt Principle of Closure

[image: A green and white logo
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Figure 19: Gestalt Principle of Figure and Ground
An example of these principles can relate to objects viewed from a distance may be perceived differently up close, leading to the formation of shapes.  The Cassiopeia constellation (Figure 20) in Gestalt represents a 'W' or 'M' shape in the sky, created by five stars perceived as closely intact, despite their actual immeasurable distance from each other (24).
[image: Cassiopeia Constellation - Features And Facts - The Planets]
Figure 20: Cassiopeia Constellation

[image: The Kanizsa triangle is an example for modal completion. Illusory contours forming a triangle in the absence of corresponding luminance contrast changes. The interior of the triangle generally appears brighter than the ground, even though it is not  ]The Kanizsa triangle (Figure 21) constructs an illusory contour where a series of visual stimuli and segmented lines are implied to perceive a connection.  A triangular shape can be visualised, but the cognition system creates imaginary lines that connect two parallel and aligned edges (26 p.423-424). 
Figure 21: Kanizsa Triangle



[bookmark: _Toc164087785]2.3.4 Intertwining Cognition with Design
Regarding the application, it will be instrumental for the researcher to invest in the previous fundamentals of cognitive perception (HCI and Gestalt) through both the designing and implementation stages.  Adhering to this research will help to evade from poorly designed visualisations and dashboards to convey the data, effectively and distinctly.  Few (17) indicates that the primary obstacles in visualisation designs are differentiating the data that should be prioritised from the rest and bringing various pieces of information together to the point where it can be interpreted, contextualised, and supported by systematic perception. 
Seeing that a bar chart will be adopted to differentiate quantitative categories, it will be effective to eliminate additional effects that distract the user.  Figure 22 obtains axis X and Y gridlines that have no bearing on the visualisation and make it challenging to comprehend the data.  The 3-D rendered bars have no significance and form complexities to determine the horizontal results, and with the labels being included vertically, applying colourisation to each bar is insignificant.  
[image: ]
Figure 22: Bar chart with gridlines

Colour factors will be detrimental when designing each visualisation technique.  Dix conceptualises that cones in the eye are sensitive to various light wavelengths, allowing colour perception.  Three varieties of cones sense distinct colours (blue, green, red).  Notably, blue sensitivity is limited as blue cones occupy only 3-4% of the fovea (responsible for central vision).  Colour comprises hue, intensity and saturation.  It is paramount to adhere to this information to enable the user to simplistically make sense of each visualisation (19 p.18).  
Few (17) expresses that humans fail to perceive colour in an absolute fashion, which is one of the fascinating aspects of colour.  Figure 23 exemplifies intensity, in which a series of squares are placed against a gradient of colours.  Although the colour value of the five squares is 50% black, human perception of each is affected by the surrounding grey-scale gradient, which transitions from light to dark.  The word "Text" is displayed in Figure 24 with the same colour on both a red and a blue background, however, it may be visualised as distinct and far less obvious against the red background (17).  These essentials will be considered when not only customising each visual technique but also selecting the correct visualisation that best represents each dataset.
[image: A grey square with a white square
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Figure 23: Representation of intensity with shapes

[image: A red and blue sign
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Figure 24: Representation of intensity with text

In Figure 25, a scatter plot is constructed that displays colour to highlight the axes and grid, defines the background, and labels the chart.  Effective visualisations consistently utilise colour schemes, enhancing comprehension.  An organised and efficient design layout simplifies understanding of data through prioritisation and categorisation motives.  For instance, the data protrudes with vibrant colours against a white background, while contextual elements are projected through shades of grey such as grey borders framing the plotting area.  This mitigates visual conflict by allowing the data to be the main principle (27 p.1-2). 
[image: A graph with colored dots
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Figure 25: Scatter plot
To achieve optimal visual technique for each visualisation, the designer must incorporate the human cognitive process during the design phase.  This involves selecting the most suitable approach for each dataset, such as using a column chart to compare different data categories.  This allows for the consideration of whether to use a grouped layout approach or to present a single visualisation that includes all of the data for that collection.  Grouped layouts or small multiples, as popularised by Tufte (13 p.91, 14 p.5), feature two or more widgets contributing to a certain connection, such as labelled titles, which can enhance comprehension.  These can be appropriately designed by adhering to Gestalt laws of proximity and closure (17, 25).  
In a study (28 p.7) on dashboard design, participants reflected on their experiences of utilising dashboards related to their field of work.  According to one, using conventional visualisation techniques like line graphs and bar charts makes data simpler to read and comprehend.  Another participant proposed that interpretation may be enhanced by employing filtration techniques, parameters, buttons, and menus to decrease the overall number of static visualisations displayed instantaneously.
‌ 









[bookmark: _Toc164087786]2.4 Interpreting Inventory Data

[bookmark: _Toc164087787]2.4.1 Inventory Management Systems (IMS)
Businesses leverage IMSs to centralise inventory monitoring, enabling stakeholders to forecast informed decisions.  Verbeeke (29 p.16) specifies that IMSs enhance resource availability (Chan et al.), and facilitate customer support measures (Reid et al).  IMS objectives include observing stock levels, ordering, and shortages to facilitate cost-effective operations while minimising inventory expenditures.  Business Intelligence (BI) decisions can be executed with an IMS such as determining a product’s popularity (30 p.13).  A study (31 p.567) suggests that IMSs reduce human errors by eliminating manual processes.  However, adopting a computerised system may pose security risks, particularly in web-based systems prone to malicious hacking (32 p.104).  
Utilising an IMS for example can benefit industries like hospitality by reducing waste through avoiding overstocking products.  Businesses can maintain stock at the lowest feasible cost level that aligns with their organisational goals by using inventory management.  Additionally, an IMS safeguards against disruption caused by delays in obtaining necessary inventory products (33 p.82).

[image: A screenshot of a computer
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Figure 26: Inventory Management System

[bookmark: _Toc164087788]2.4.2 Utilising Visuals to Facilitate Decision-Making
Data-driven decision-making within organisations is essential to enhance the progression of business processes.  Informed decisions are made throughout a variety of management levels: strategic, organisational, and tactical, using BI techniques such as DVs.  Well-designed dashboards enhance human perceptions during decision-making, to facilitate the process of comparing and analysing KPIs to pinpoint data anomalies and inconsistencies (34 p.1903-1905, 35). 

[bookmark: _Toc164087789]2.6 Safeguarding Data Privacy

When managing data, ethical guidelines must be followed to address privacy concerns.  Analytical tools are used for storing, retrieving, sharing, and visualising data, emphasising the need to augment data safety (36).  Data integrity is crucial for privacy, especially since organisational data is confidential (37).  Inventory data, considered intellectual property, poses a risk if compromised, potentially benefiting competitors.  Therefore, safeguarding data is essential for protecting organisational interests.

[bookmark: _Toc164087790]2.6.1 Access Control Policies 
The process of safeguarding data from unauthorised access and alteration is known as data security.  Numerous virtual and physical techniques may be used to accomplish it.  Safeguarding data and resources from unauthorised disclosure and improper modifications, while ensuring availability to legitimate users, is a crucial requirement for any IMS.  Enforcing protection involves controlling every system’s access to allow only authorised users.  Access control is the process of limiting and restricting access to particular data to just those organisations that are authorised to access it (38 p.137, 39).  This mechanism can be imposed through a login interface that involves users entering a verification email and password.  


[bookmark: _Toc164087791]2.6.2 Regulations (GDPR)
The General Data Protection Regulation was implemented in 2018, representing a shift in data protection laws that enforce greater protection responsibilities on organisations.  It represents a historic advancement in protecting data, providing citizens with more autonomy and choice whilst holding organisations more accountable.  Organisations must now face the greater cost of noncompliance, as well as the weight of evidence on whether and how effectively they secure personal data (40 p.1292).  These guidelines must be followed while processing information, otherwise, organisations risk incurring fines of up to 20 million euros or 4% of their revenue (40 p.1292-1294).






[bookmark: _Toc164087792]3. Research and Development Methodology

[bookmark: _Toc164087793]3.1 Research Methodology

[bookmark: _Toc164087794]3.1.1 Philosophy 
Phenomenology will be utilised as a qualitative research method that comprises the study of human opinion (41 p.38).  The research will capture stakeholders’ experiences whilst eradicating any external biases.  Phenomenology allows the researcher to develop calculated observations from stakeholder feedback to determine the degree to which the proposed solution is effective (42).  Phenomenology should assist in uncovering stakeholders’ requirements and motivations to develop an intuitive application.

[bookmark: _Toc164087795]3.1.2 Inductive Approach 
An inductive approach facilitates the invention of theories and observations from research and stakeholder feedback.  These initiatives are developed through observing and calculating an individual experiencing a specific event (43 p.172).  Fostering a qualitative research method, this project will benefit from an inductive approach when collecting stakeholder feedback and experiences (44).

[bookmark: _Toc164087796]3.1.3 Action Research
Action Research involves conducting research as a live process to adapt to continuously changing data.  This strategy systematically gathers stakeholder experiences, allowing for learning and reflection.  The researcher and practitioner act as a single entity, simplifying improvements and knowledge attainment from stakeholders' experiences (45 p.684).  Action research encompasses problem realisation, solution development and implementation, and evaluation and reflection processes, benefitting the investigation’s progress (46 p.38).

[bookmark: _Toc164087797]3.1.4 Mono-Method
A mono-method process will gather qualitative primary data as the researcher is solely conducting interviews with the client.  Benefits should materialise from this decision through the stakeholders openly conveying their perspectives and experiences of the phenomenon.  From this, the researcher will thoroughly understand the strengths and weaknesses, such as flaws in the data visualisation designs (47).

[bookmark: _Toc164087798]3.1.5 Cross-Sectional 
A cross-sectional research design, chosen for its analysis of the population at a specific time, allows for the gathering and evaluation of both primary and secondary research.  This mechanism facilitates observations and permits the selection of a sample population based on specific criteria, proposing solutions to their current problem (48, 49).  Cross-sectional should be advantageous as it grants the stakeholders’ experiences to be evaluated at the project’s conclusion.


[bookmark: _Toc164087799]3.1.5 Techniques and Procedures
[bookmark: _Hlk158833142]Client interviews will use a semi-structured framework with open-ended questions to gather feedback (50).  This approach allows diverse perspectives for recognising and addressing application requirements and concerns.  Engagement with stakeholders' clients may be necessary for solution appropriateness, using Microsoft Forms for cost-effective and rapid questionnaire distribution (51).  Coding and data analysis will enhance data quality, summarising responses into themes (52 p.259).  A hybrid qualitative approach, combining pre-identified and emergent themes, will be employed (53).  Self-directed questions will guide data utilisation and address research objectives.

[bookmark: _Toc164087800]3.1.6 Ethics and Legal
Ethical considerations are integral to harnessing valid and accurate data and certifying the research's integrity.  As the project involves managing clients' data, qualitative research will incorporate data-safeguarding initiatives, with the researcher being accountable for adherence (54 p.320-323).  Avoiding plagiarism is vital for maintaining research integrity and avoiding copyright issues.  A Vancouver referencing style will be consistently applied during secondary research in the study.



[bookmark: _Toc164087801]3.2 Development Methodology 

[bookmark: _Toc164087802]3.2.1 Agile SDLC
To facilitate sections of the development, the project will adopt an Agile Software Design Lifecycle (SDLC).  Agile development executes iteratively in a succession of sprints that are compiled into multiple phases such as requirements, design, development, and testing.  Agile's flexibility and responsiveness make it ideal for this investigation, allowing for adjustments at any stage.  For instance, if design alterations are requested after development has begun, Agile permits these changes despite the design phase being completed.  Nevertheless, these modifications are not encouraged (55 p.177).  Agile also facilitates prototyping, a critical aspect of the project's development process, enabling continuous improvement based on stakeholder feedback received at each stage (56 p.37).
Agile may be susceptible to some hindrances for this investigation such as scope creep caused by evolving requirements with excessive alterations.  This leads to the process by which the project’s requirements and scope may inflate beyond the initially agreed limits.  Resources can be impeded, and the software quality assurance procedures could be negatively impacted (57 p.124).
[bookmark: _Toc155960779]‌
[bookmark: _Toc164087803]3.2.2 Extract, Transform, Load (ETL) Process
To convert raw data into visualisations, the ETL process is commonly used.  This pipeline cleans and organises raw data for analysis, providing a capacity to enable businesses to derive insights from multiple sources.  Without ETL, data would remain fragmented across several systems and heterogeneous formats, including hindering data-driven decision-making (58).  Typically integrated into Data Warehouses (DW), the ETL process facilitates storing structured and semi-structured data for analysis and reporting purposes within organisations (59).  

The ETL process begins with data extraction from various internal and external sources, including spreadsheets, XML files, relational databases, websites, and emails.  Different extraction techniques and guidelines are employed to accommodate diverse data formats (60 p. 115-116, 61 p. 116).  The subsequent transformation phase involves data cleansing, intricate computations, and data capture (identifying changes in data sources) to ensure data integrity and accuracy for improved analysis (62 p. 272).  Finally, the data is loaded into the DW, where it can be utilised for analytical purposes, such as creating dashboards and visualisations to support decision-making strategies.  

For this solution, the ETL is integrated by using the iTextSharp PDF library.  This enables data extraction from the document meticulously to maintain the positional layout and coordination of the text and subsequently transform it into visualisations.
[image: A diagram of a data processing process
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Figure 27: ETL Pipeline Architecture 
[bookmark: _Toc164087804]

3.2.3 Application Type
A desktop application is ideal for the client's needs for offline-only access which improves performance and speed by avoiding network interruptions.  Security in desktop applications is enhanced through local data storage without an internet connection, unlike web applications which are susceptible to attacks and vulnerabilities.  Customising the application around the client’s needs and requirements will provide a user-friendly and intuitive framework.  Given the nature of depicting data, developing a mobile application would be impractical and challenging for users to perceive smaller-scale visualisations (63).

[bookmark: _Toc155960782][bookmark: _Toc164087805]3.2.4 Development Techniques 
C# WinForms.NET is selected for development, providing pre-built templates for data visualisation.  WinForms incorporates libraries like Nevron Charts to display the visualisations and iTextSharp for file conversion, enhancing the user experience (64).  WinForms, recognised for its user-friendly GUI capabilities, features an editor window with drag-and-drop functionalities and a main window for code development.  WinForms offers an extensive range of tools and controls for an intuitive design, including labels, textboxes, buttons, and charting (65 p.11).  
Visual Studio, chosen for its amalgamation with C#, offers essential functionalities and features like debugging, testing, syntax highlighting, and IntelliSense (66 p.144-162, 67).  The IntelliSense recommendation appears upon inputting syntax and offers intelligent code completion based on the written source code and language semantics.  Through Visual Studio exceeding popularity and proliferating usage, frequent updates are executed to mitigate against any bugs and issues (67 p.3).

[bookmark: _Toc164087806]

3.2.5 MVC Architecture
The project will adopt an MVC (Mode-View-Controller) architecture (Figure 29), a populated framework across application development that segregates multiple components (68 p.1712).  This framework performs well under an object-oriented programming paradigm, reducing the need for monolithic code.  An MVC framework will divide the application into 3 classes, in which the Model handles data manipulation objectives, the View displays the Model data to the interface, and the Controller orchestrates communication of the processes between the corresponding classes, encouraging a coherent structure.  Adhering to this framework will facilitate debugging tasks as it will be simplified to navigate through errors and remove any unnecessary code.  Other advantages include amplifying code reusability, system maintainability, and minimising coding intricacies (69 p.11, 70 p.135).   

[image: A diagram of a computer system
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[bookmark: _Toc164087807]Figure 28: MVC Architecture 





4. Design and Implementation 

[bookmark: _Toc164087808]4.1 Design

Constructing various designs is an imperative decision towards this investigation as it supplies the stakeholders with a real-life vision of what the application will comprise.  These designs will be presented to the client, resulting in feedback and observations to aid decision-making moving forward.  
Login Screen
For security, the user will be prompted to a login screen at the initial stage of running the application.  An authentication method will enhance safeguarding initiatives (36, 37) to secure the data being processed through the system. 

Low Fidelity
[image: A screenshot of a login screen
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High Fidelity
[image: A screenshot of a login screen
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Column Charts
A selection of bar charts can be viewed that comprise different data categories for comparison.  The client can therefore choose the type of chart to improve data comprehension.  Having the quantitative results on each bar could be an option, translating to the gridlines having no use.
[image: A graph with orange bars
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[image: A graph with numbers and a bar chart

Description automatically generated][image: A graph with orange bars

Description automatically generated]The text for both the Y and X axis is dark to stand out between the white background.  However, the value on the individual bars is displayed as white with a dark background, meaning a dark or white-coloured text against an orange background could be difficult to see.  The decision to apply a dark background to make the intensity more obvious (17) is based on Gestalt’s Figure and ground law (17, 25).


The column charts below were designed to portray a variation of colours to establish any emerging challenges that the stakeholders attain when distinguishing the data.  The client will be asked which group of colours (3 bars) are the simplest to perceive. 
[image: A graph of different colored bars
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[image: A graph of purple bars
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Line Graphs
Line graphs follow connection principles (17, 25) and will be an integral asset for the user to analyse and predict future trends in their stock.  These displays help to exemplify the requirements of implementing extra features such as gridlines to simplify the visibility of the users when analysing the results.
[image: A graph with numbers and lines
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[image: A graph with numbers and lines
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Combo Chart 
A display of a column chart and line graph being amalgamated for the user to carry out two forms of analysis, simultaneously.  The column deciphers the comparison of data categories whilst the line elicits trends to render future predictions. 

[image: A graph with numbers and a line
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Area Chart with Filtration 
An exemplification of an area chart which is useful for discovering trends with lined and filled areas.  Filter options have been included to improve analysis, augmenting insights and decision-making.
[image: A graph of a bar chart
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Pie Chart
A pie chart can be utilised to analyse quantitative proportions like the gross profit of individual beverage categories.

[image: A pie chart with numbers and text
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Multiple Charts
Amalgamating multiple charts within a single interface may enhance perception and improve analysis when comparing statistics instantaneously.
[image: ]



Flowchart
An application flowchart with pseudocode will assist the developer in gaining an understanding of the process and logic of the application and decomposing each process.


 (
Pseudocode of Application Logic
Start
// User interacts with Main Form (View)
- Wait for user action (load file)
// Application Logic (Controller) 
- Process user action event
- If action is "Load PDF"
- Open file dialog for PDF file selection
- Send PDF file to Model
// ETL Process (Model)
- Receive PDF file path from Controller
- Use iTextSharp library for data extraction
- Store data in data 
object
 class
// Application Logic (Controller)
- If Model has finished extraction 
- Fetch extracted data from Data Blob
- Send extracted data to 
Main Form (
View
)
 for
 
visualisation
// Main Form (View)
- 
Receive extracted data from Controller 
- Initialise Nevron Charts to display visualisations
- Export visualisation
s
 as image (JPEG)
End
)[image: A screen shot of a computer
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Class Diagram
A class diagram obtains a great benefit for the investigation by portraying each class in the program.  Attributes and operations of each class can be identified for the developer to follow.  Integrating an MVC architecture (68), the Model will include all code for the PDF Extraction process, the View involves the front-end GUI, and the Controller will execute as an orchestrator between the Model and View classes.  Separating these classes will enhance speed when debugging initiatives are applied to retrieve code (errors) segments.  



[image: ]





[bookmark: _Toc164087809]4.2 Implementation 

The application resulted in being a comprehensible solution that achieved an Extract, Transform, Load (ETL) process (58, 59) to manipulate structured data within a PDF file to populate a variety of charting visualisations.  Users of this desktop application can simply import their inventory datasets to facilitate perception of how they comprehend the data to make informed decisions, such as discovering anomalies and predicting future trends.  
Adopting an iterative Agile approach, multiple prototypes (56) were developed which compartmentalised individual sections to be completed incrementally.  This allowed the developer to render each development objective to a working execution which benefitted to maintain the project’s progress.  To describe each development segment, multiple iterations will be presented to provide clarity for each moving part.

Iteration #1 – Form Design and ETL Process
The first objective was to develop the Graphical User Interface (GUI).  Adopting a Windows Forms App in Visual Studio enabled the creation of the GUI within the editor window, leveraging its drag-and-drop functionality.  Various elements were added to the form, each assigned specific names following a camel case convention.  Ensuring the design remained intuitive for users with diverse skill sets was crucial, requiring a minimalist approach.  Only essential elements required for effective application execution were included, while complexities were eliminated.
The first element is a ‘LOAD’ button to load each file which is assigned an event handler.  Font and size customisations were applied to each button to facilitate user interaction and intuitiveness.  To populate the data into visualisations, the Nevron Charts library integrated a chart control widget.  The developer was therefore able to focus on coding the ETL process.
[image: ]



Adopting the MVC architecture (68), a model class ‘varianceETL’ was constructed for the ETL process of a specific PDF (Variance data). 
The iTextSharp library was essential because it provided an organised way to read, extract, and edit text from PDFs.  The primary goal was text parsing, which involved dividing the text into lines and treating each line separately.  To save extracted text, features such as the 'StringBuilder' class were used.  A 'PdfReader' reads and parses the data after initialising a 'datatext' variable, and a 'PdfDocument' opens files in reading mode.

The 'LocationTextExtractionStrategy' was utilised for multi-page PDFs, with each page's text processed using the 'strategy' assignment.  Utilising 'PdfTextExtractor' to extract text by page number and 'strategy' for text processing, a 'for loop' iterated through the pages.  This systematic approach guaranteed effective text extraction, facilitating additional modification to fulfil project objectives.

[image: A computer screen shot of a program code
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After extraction, the program must determine which data is being used by analysing and splitting the text into lines.  A ‘foreach’ loop with an array of ‘if’ statements was applied for operations of skipping lines if the total number of characters is less than 90, and creating substrings of each column where two sets of numbers represent the start/end to identify each string’s length.  The regular expression pattern analyses each line to match any sequence of consecutive digits in each column and extracts them accordingly.  A singular line ‘if’ statement determines whether a valid code exists.
[image: A computer screen with text
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The description column is a string (text) and the preceding are numerical which are parsed from a string to a ‘double’ data type.  
[image: A screen shot of a computer program
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The parsing executes within the iTextSharp library by, for example, the ‘price’ column starting at the 36th character of each line with its length equalling 5.

[image: A white background with black text
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A data object class was created to store the extracted data where its structure can be defined.  This data can therefore be shared with other classes within the application, to perform other processes.  Each object represents the individual columns within each PDF, which have been assigned separate getters and setters. 

[image: A screen shot of a computer program
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Due to repeating data, a naming convention was applied that consisted of ‘Q’ for QUANTITIES and ‘V’ for VALUES.  This allowed the application to call the correct type of Variance data from the data object as the Variance and Description fields were the two being loaded into the charting visualisation.

[image: A white background with black text
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Errors occurred when loading the data into the Nevron Chart due to the extraction method failing to read data.  To determine if the ETL process failed to read any data, an ‘if’ statement was applied to the Load button event which assesses if the data count was greater than 0.  In this case, the data was less than 0 so a message box was displayed.  This mechanism aided the developer in identifying which part of the code was producing issues.
[image: A computer screen shot of a program
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[image: A screenshot of a computer
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Further debugging and adjusting to the ETL class was applied and although the data was not displayed, the ETL was reading data but was failing to load.  This ensured that the MainForm (view) class was causing issues.  
[image: A screenshot of a computer
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From the IDE’s output, the extraction and transformation of the data are executed correctly.
[image: A screenshot of a computer
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The data eventually loaded into the Nevron Chart, however, it failed to display the correct positions due to issues in the axis functionality.  To mitigate this, critical thinking and effective decision-making were applied which resulted in pivoting away from Nevron Charts and utilising WinForms.Net's built-in charts to avoid complexities and to ensure that the solution was achievable.  This approach proved to be effective in loading the data.

[image: A screenshot of a computer
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Iteration #2 – Integrating WinForms Charting Library
The figure below shows the data being configured successfully by displaying a line graph of the total variance for each beverage.  More features were added to the GUI to increase the intuitiveness of the user.  Although not as sophisticated with high-fidelity graphical attributes as the Nevron Chart library, all of the data was able to be loaded and displayed soundly.  This ensured that the application’s solution could be reached and solve the previous errors.

[image: A screenshot of a graph
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Application Features and Formatting
Customisation to the GUI was added, which included applying various colour formats, event handlers like ‘CLEAR’ to clear the chart and data, ‘EXPORT’ as an option to convert the chart to a saved JPEG image, combo boxes to select different charting types and colours, and checkboxes for 3-dimensional viewing and axis gridlines.
[image: ]
Export Button
This involved applying a ‘Save File Dialogue’ box to show when the button has been clicked.  The user is then navigated to save the JPEG to the desired file path.  A ‘Bitmap’ class was implemented to capture the image of the chart’s (chartControl1) width and height.
[image: A screen shot of a computer program
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[image: A screenshot of a computer
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[image: A screenshot of a computer
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Combo Boxes
It was imperative to apply filtration methods to provide the user with the customisability to select their desired chart and chart colour that will best facilitate them interpreting each visualisation.

[image: ][image: ]







[image: A screen shot of a computer code
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Description automatically generated]The code represents the combo boxes being populated.

A switch case was used to execute the functionality for the user to choose between the multiple chart types.
[image: A screenshot of a computer program
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Method to update the chart colour upon selection.
[image: A screen shot of a computer program
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Chart type and colour variations
[image: A screenshot of a graph
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[image: A graph with purple lines and letters
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Column Chart
The column chart has a relation to the common fate law of Gestalt [71] where shapes are transitioning in the same direction.  For example, due to Variance being positive and negative values, the bars start at the middle and transition vertically, which gives the user a starting point and indication of the relationships.
[image: A screenshot of a graph
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Stock Analysis
Displaying ‘Stock’ results instead of ‘Variance’ in which the bars start from the bottom due to only positive values.
[image: A graph of a bar chart
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Axis X and Y Gridline feature

Applying gridlines may help the user to determine each data point, especially within a line graph like the example below.

[image: A graph with lines and dots
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However, due to the large amount of beverage data, a pie chart may cause complexities for the stakeholders to comprehend.  The values are in close proximity (17) which causes challenges to differentiate.  To use a pie chart, another PDF would need to be loaded that contains less data.

[image: A colorful circle with many lines
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Iteration #3 – Multiple PDF Functionality

The next step was to implement the functionality to read multiple PDFs as the client works with various structured reports.  Another ETL class was developed called ‘VTotalETL’ which represents the total variance reports of all beverage categories.  The code in the class is structured the same as the first ETL class but with edits for the different column headings.

The first column of the initial PDF started with numbers and changed to text and back to numbers.  With a variable created as ‘numbers’ for a regular expression to read numbers between 0-9.

[image: A close-up of a number
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[image: A black background with colorful text
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However, the second PDF starts with text (Product Group) and transitions to numbers.
[image: A close-up of a number
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The regular expression had to be altered to read characters between ‘a-z and A-Z’ for lower and uppercase.
[image: A black screen with colorful text
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Code was applied to the ‘Controller’ class to orchestrate which ETL class will be executed by the loaded PDF.  A public Boolean method was implemented named ‘DetermineIfVarianceETL’ that checks if the file contains the text “DESCRIPTION”.  Being public, this method can be called in the Main Form (View) class to populate the chart within the ‘btnLoad_Click’.
[image: A screen shot of a computer code
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Main Form
[image: A screen shot of a computer program
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The ‘Controller’ class uses a public method named ‘LoadDataFromPDF’ that takes a string ‘filepath’ and a Boolean (true/false) ‘isVarianceETL’ to represent if the ‘VarianceETL’ needs to be executed.  An if/else statement was used within a try/catch block to test for errors.  If ‘VarianceETL’, load ‘m_results’ (varianceDataObject) and the ‘m_vtresults’ (vTiotalDataObject) is null (not to execute).  The ‘else’ executes as the opposite.  An exception is triggered if there is an error in the execution.
[image: A computer screen shot of text
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Pie Chart 
The Variance Total PDF successfully loads into the interface that includes a smaller dataset.  Contrastingly, the proximity (17, 25) issue of reading values in the previous pie chart is solved as there is more space between them for user comprehension.
[image: A pie chart with different colors
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3-Dimensional
A 3-D functionality was implemented to provide the user with assistance in HCI, however, the dataset may not be complex enough to achieve this.  The colour filters work well with the 3-D charts as dark colours may inflict an additional cognitive load on the user in perceiving the dark foreground values.  A lighter colour combats this by following the Gestalt’s Figure and Ground law (17, 25).
Dark Colour
[image: A graph showing a bar graph
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Light Colour
[image: A graph of yellow rectangular bars
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[image: A screenshot of a computer login

Description automatically generated]Iteration #4 – Login Screen with Lock-out Timer
To facilitate safeguarding and security features, a login screen was implemented that executes an initial screen before the main GUI is loaded.   An authentication method like this will ensure only authorised users gain access to the application (44, 45).




To enhance security, validation methods were implemented to the email to ensure the input matches the correct email and is in the correct email format.
[image: A screen shot of a computer
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[image: A screen shot of a computer error
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Another technique was to apply asterisk ‘*’ placeholders within the password textbox to mask against non-personnel.











Users have 3 attempts to enter the correct credentials and if failed, they are barred from re-trying until 5 minutes.  It was decided to implement a timer into the screen as an added feature which until zero is reached, the GUI is disabled.
[image: A screenshot of a login screen
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[image: A screenshot of a computer login
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[bookmark: _Toc164087810]5. Testing

User Acceptance Testing (UAT) was conducted at the end of the development cycle via Agile's iterative mechanism to determine whether the completed application is appropriate for its intended use case.  UAT is an appreciated software development tool whose objective is to test the product by having the intended audience utilise it in real life.  Finding out if the application satisfies the required specifications and completes tasks in the real world is the main purpose, such as transforming PDF data into comprehensible visualisations (72).  

Set tasks that reflected the user requirements were constructed by interacting with the application to detect any bugs or further refinements, to enhance the functionality and intuitiveness were conducted by the client and two external users (user 1 and user 2) that have an affiliation with data reports.  After the tasks were complete, the users would answer a series of questions that were devised in a heuristic evaluation format.  

Tasks: 
1. Login to the application.
2. Load Variance_Totals PDF into a chart visualisation.
3. Use filter controls to make sense of the data (e.g. chart type, colour type, 3D, gridlines).
4. Select the clear button to clear chart and load a Variance_Spirits PDF.
5. Export visualisation as an image.

In user testing, the application's status was frequently acknowledged for its clarity, with indications that effectively represent ongoing actions and completed tasks.  Controls were rated as simple to grasp, with clear labelling and the correct size.  Both users complimented the GUI on its clarity and user-friendly design.  No immediate errors were found during testing, and all controls were considered self-explanatory.  While user 1 proposed changes such as deleting unnecessary information such as series and totals, and offering better instructions, user 2 emphasised the useful features such as the option to switch between chart types and colours, and export charts into a JPEG.  
The client emphasised the application's general clarity and usefulness, recommending improvements such as larger checkboxes and better control positioning.  The client also expressed concerns about the usefulness of specific chart styles and recommended enhancements to increase data understanding. 
Overall, the application was effective in satisfying user demands and performed well in terms of clarity, usability, and data comprehension, with suggestions for enhancements that improve intuitiveness and analysis such as utilising a line graph to analyse trends by representing data over time and applying hover features.








[bookmark: _Toc164087811]6. Evaluation 

Improving user comprehension of inventory data through data visualisations was the investigation’s main goal.  Gathering system requirements, which involved researching existing literature was the first objective.  The project was able to better understand how to maximise the utility of data through visualisations by delving into existing knowledge and gaining valuable insights into various techniques (7, 8) of DVs.  It became crucial to comprehend the nuances of various chart types and their applications during the design and implementation stages. 

The investigation of Human-Computer Interaction (19) principles, specifically Gestalt Psychology (23, 24) and human perception (16), was essential to this research.  These findings provide light on how individuals view and engage with visual elements, which informs decisions about the user experience and interface design.  The GUI was designed to guarantee an intuitive experience, with particular focus given to the arrangement of controls, colour schemes, and filtration capabilities.  Adhering to Gestalt laws (17, 25), such as Figure and ground, would enable users to select brighter chart colours to emphasise values and mitigate intensity issues (17).  Implementing the connection law facilitated the creation of line graphs to forecast trends and relationships between data points.  Additionally, leveraging the proximity law helped detect values that were too close together within pie charts.  However, incorporating multiple colours for visuals could enhance comprehension by displaying a variety of data values simultaneously, thereby intertwining cognition with the designs and potentially facilitating further understanding.

The design and development phase involved creating mock-up drafts using Adobe XD, which proved to be effective.  Various graphs with different controls, features, colours, and element placements were designed.  Diagrammatic representations such as flowcharts, pseudocode, and class diagrams helped establish the MVC architecture (68).  While these designs provided clarity, a client meeting before development could have ensured alignment with client preferences.

Utilising the Agile iterative approach (56), development was segmented into multiple prototypes across separate iterations, aiding focus on specific aspects at each stage.  Visual Studio (66, 67), with its intuitive IDE and Windows Forms designer, facilitated the creation of an aesthetically pleasing interface.  However, considering Windows Presentation Foundation (WPF) for desktop client applications might have been more practical with its enhanced graphic quality, despite potential time constraints associated with learning WPF (73).

The decision was made to integrate the iTextSharp library for the ETL (58) process and Nevron charts for data visualisations.  While Nevron charts offer effective graphics and features, integrating them posed challenges when loading data due to the chart widget functionality.  This setback led to a return to a basic approach, opting for the Windows Forms’ built-in charting library, ensuring proficient data loading and bolstering confidence in achieving the solution.  Subsequent iterations aimed to extend functionality to read and manipulate PDFs with different structures, revealing challenges such as the presence of characters instead of numbers in the first column, necessitating alterations to the regular expression method and string manipulation.  To determine which ETL class to execute based on the PDF structure, a method was implemented in the controller class to detect the presence of specific strings like "DESCRIPTION." Despite these efforts, challenges persisted, leading to the application executing only one ETL class, resulting in deficiencies in displaying the correct data.  A login screen was implemented to enforce authentication methods and protect clients’ data, reflecting the importance of researching safeguarding initiatives and access control policies. 

Overall, the application achieved its intended purpose of extracting data from PDF files.  Various controls were implemented to aid users in understanding the data.  However, the inability to read multiple PDFs could be viewed negatively, considering the client's reliance on numerous reports.  This limitation restricts the analysis to a limited dataset, primarily focusing on ‘Variance’ rather than other important metrics like gross profit or margin.  To address this, future efforts could prioritise understanding the diverse types of inventory data to better serve the client's needs.  For example, enabling the application to load multiple values onto the same visualisation could enhance the ability to compare, differentiate, and predict trends more effectively.
Top of Form

Top of Form

[bookmark: _Toc164087812]7. Conclusions and Recommendations

Through the use of data visualisations, the investigation pursued to improve user comprehension of inventory data, addressing the difficulties and implications that organisations encounter when interpreting and communicating such data.  The project obtained important insights into DV techniques and Human-Computer Interaction (HCI) principles, particularly Gestalt Psychology by researching existing literature.  These realisations guided the process of designing and developing the application, guaranteeing an intuitive interface and promoting understanding of the data through visualisations.

The design and development phase involved producing mock-up drafts, utilising Agile methodologies, and integrating multiple technologies.  The integration of libraries and managing heterogeneous datasets presented challenges that highlighted the significance of carefully choosing suitable tools and taking user requirements into account. 
The application's primary goal of extracting and visualising inventory data was effectively accomplished, yet certain drawbacks were identified, including the inability to manage numerous PDFs and display a variety of inventory datasets.  Nevertheless, the outcome of the investigation certified that visualisations help to simplify data comprehension, such as a column chart showing the distortion of the variance’s positive and negative values.
Following studies may concentrate on mitigating these constraints and augmenting the application's ability to accommodate evolving user requirements, ultimately utilising HCI and cognitive principles to enhance user comprehension and decision-making such as placing controls in different locations to increase intuitiveness.


[bookmark: _Toc164087813]8. Reflection 

The project developed a data visualisation application to enhance user comprehension.  This involved gathering user and system requirements, researching existing literature on avenues such as DV techniques, human cognition and perception, HCI and Gestalt Psychology, implementing design and development with multiple iterations and prototypes, conducting user acceptance testing, and evaluating the application’s effectiveness.
The project was initially approached with enthusiasm that was triggered by the interest in DVs and HCI principles.  However, challenges were encountered, particularly during the implementation phase.  Integrating external charting libraries proved to be more complex than anticipated, and addressing inconsistencies in data formats presented unexpected hindrances like parsing multiple PDFs for the user to analyse a variety of datasets.  Moreover, it is apparent that constructing GUI designs to analyse with the client their effectiveness in improving comprehension would have been beneficial. 
Despite these challenges, the project provided valuable insights and learning opportunities which consisted of enhancing an understanding of diverse DV techniques, HCI principles and cognitive processes, MVC architecture, and Agile development.  Overcoming setbacks, such as difficulties with third-party library integration, required resilience and commitment to make effective decisions to devise alternative solutions.  Adopting an iterative development approach provided continuous refinement and enhancement of the application’s features and functionality through its prototyping nature.  However, the project would have benefitted from a stricter adherence to Agile, focusing on small iterations rather than being too ambitious with the initial implementation of Nevron charts by following a sequential approach.
Reflecting on the project, it can be recognised the critical importance of thorough research and proactive planning in software development motivations.  The project emphasised the significance of adaptability and effective problem-solving skills when navigating unexpected impediments.  Integrating HCI principles and concepts from Gestalt Psychology in the application design proved instrumental in improving user experience and facilitating data comprehension.  From usability testing, the project did meet its overall aim by making the PDF data more comprehensible.
In conclusion, the project achieved its primary objective of developing a DV application.  However, there remain areas for improvement, such as enhancing the application’s capacity to handle diverse data formats, expanding its functionality to support multiple PDF files simultaneously, and improving intuitiveness like positioning the majority of controls at the top of the interface.  There will be an appliance towards future endeavours of learned lessons from this project, emphasising the significance of user-friendly principles in both design and software development techniques.
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Screencast YouTube link - https://youtu.be/pCc6D6PUfuw

User Acceptance Testing
Heuristics Evaluation of data visualisation app
By  [User 1]	Date  [12/04/2024]
[bookmark: _Hlk163803734]Login Credentials [Email: data@gmail.com   Password: data]
[bookmark: _Hlk163899423]
Tasks: 
1. Login to the application.
2. Load a PDF file into a chart visualisation.
3. Use filter controls to make sense of the data (e.g. chart type, colour type, 3D, gridlines).
4. Select clear button to clear chart and load a separate PDF.
5. Export visualisation as an image.

1. Application status 
Is it unclear what the application is doing at any point?
Evaluation/Review
Application status is clear at all time.  Egg timer shows process is being undertaken and window displays when a process has been completed/successful.

2. Comprehension of controls
Are the controls easy to understand?
Evaluation/Review
Controls are easy to understand in terms of login, chart creation and formatting, conversion of chart to pdf and vice versa. Drop down menus provide options for chart types and formatting as well as clearing chart from the screen.  

3. Usability
Is the application GUI clearly presented and easy to use?
Evaluation/Review
Formatting of controls are consistent throughout in terms of colour palette and font applied.  Drop down menus clearly indicate when selections can be made for chart type, formatting, insertion of gridlines and 3D effect.  Clear button enables clearing of chart from screen and extraction of chart, together with loading of PDF.  Take care with ‘Series 1’ which appears on all screens and totals which are not necessary on charts.  You could ensure that name of spirits are fully visible on chart.
4. Error prevention 
Did you encounter anything you might consider to be an error?
Evaluation/Review
As noted under 4, inclusion of totals on charts (including pie) and ‘Series 1’ which appears on screen at all times.  If chart type is incorrect, Clear button enables exit/reversal of command.

5. Recognition
Was it obvious what the controls did?
Evaluation/Review
Login/password window was a familiar format enabling intuitive completion, including use of Tab key to move between cells.  Needed to click on ‘Login’ than just pressing Enter.  Consistent font style/colour pallete used for all screens

6. Flexibility
Did the application contain any helpful features?
Evaluation/Review
Ability to clear screens to change chart type and amend formatting features.   Ability to save charts for future reference and upload different pdfs to analyse different data types.  Potential for further analysis of profitability data/inventory management data here.

7. Minimalist design 
Does the application contain any irrelevant information that you found impractical?
Evaluation/Review
Only the ‘Series 1’ which appeared on all screens

8. Comprehend the data visualisation
Did you find use from the loaded visualisation to comprehend the data more easily?
Evaluation/Review
Visual analysis was possible from loaded chart which could help interpret stock levels/sales and profit made from sales.  This could also be linked to inventory management techniques eg economic reorder quantities, buffer zones for stock which ensures the minimum amount of money is tied up in stock whilst sufficient stock levels are available to meet predicted demand.  However, totals should not have been included in the chart types that could be produced.
Heuristics Evaluation of data visualisation app
By  [User 2]	Date  [18/04/2024]
Login Credentials [Email: data@gmail.com  |  Password: data]

Tasks: 
1. Login to the application.
2. Load Variance_Totals PDF file into a chart visualisation.
3. Use filter controls to make sense of the data (e.g. chart type, colour type, 3D, gridlines).
4. Select clear button to clear chart and load Variance_Spirits PDF.
5. Export visualisation as an image.

1. Application status 
Is it unclear what the application is doing at any point?
Evaluation/Review
During my observation/UAT, it was very clear what the application is doing and I did not need any support.

2. Comprehension of controls

Are the controls easy to understand?

Evaluation/Review
All controls are a good size and labelled clearly (self-explanatory). 

3. Usability
Is the application GUI clearly presented and easy to use?
Evaluation/Review
The application GUI is very clear, professional and very user friendly

4. Error prevention 
Did you encounter anything you might consider to be an error?
Evaluation/Review
No errors were observed

5. Recognition
Was it obvious what the controls did?
Evaluation/Review
All controls were self-explanatory. 

6. Flexibility
Did the application contain any helpful features?
Evaluation/Review

7. Minimalist design 
Does the application contain any irrelevant information that you found impractical?
Evaluation/Review
Not observed

8. Comprehend the data visualisation
Did you find use from the loaded visualisation to comprehend the data more easily?
Evaluation/Review
The data visualization provided clear visibility of the data in various formats. 


Heuristics Evaluation of data visualisation app
By  [Client]	Date  [19/04/2024]
Login Credentials [Email: data@gmail.com  |  Password: data]
Tasks: 
1. Login to the application.
2. Load Variance_Totals PDF file into a chart visualisation.
3. Use filter controls to make sense of the data (e.g. chart type, colour type, 3D, gridlines).
4. Select clear button to clear chart and load Variance_Spirits PDF.
5. Export visualisation as an image.

1. Application status 
Is it unclear what the application is doing at any point?
Evaluation/Review
The application is always clear and did not need additional support

2. Comprehension of controls
Are the controls easy to understand?

Evaluation/Review
Yes, the choice of font size and colours are easy to understand but the checkboxes are too small.

3. Usability
Is the application GUI clearly presented and easy to use?
Evaluation/Review
Yes. Appropriate colour choices, controls and features.  However, placing controls at the top of the screen would increase usability.

4. Error prevention 
Did you encounter anything you might consider to be an error?
Evaluation/Review
Line graph was not useful in representing the current data


5. Recognition
Was it obvious what the controls did?
Evaluation/Review
Yes very clear but could be located at the top of the screen.

6. Flexibility
Did the application contain any helpful features?
Evaluation/Review
Yes with message boxes and instructions

7. Minimalist design 
Does the application contain any irrelevant information that you found impractical?
Evaluation/Review
The line graphs for individual categories
Bar chart failed to present the figures with blue colour
Variance_Spirtits PDF produced data overload with too much information for the charting visualisation. E.g. Bar chart, pie chart

8. Comprehend the data visualisation
Did you find use from the loaded visualisation to comprehend the data more easily?
Evaluation/Review
The visualisation’s made the comprehension easier when analysing the Variance totals PDF but only in a column chart.  Other charts such as line proved unnecessary due to beverage categories being used.  Would be more useful to analyse stock over time periods with a line graph to help predict trends over time.  Would have been more useful to include a hover feature when hovering over specific data points that will project a box with additional data.
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growyze & GP Analysis Report PR @D 6

Silver Fox 1

Period: 22/05/22 - 15/06/22
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ETL (Model) Class

- attributel:type = VarianceETL
- attributel:type = VTotalETL

- operationl: ExtractDataFromPDF(filePath)
- operation2: TransformData(data)

Data_Blob (Storage) Class

- attributel:type = varianceDataObject
- attributel:type = vTotalDataObject

- operationl: AddData(newData)
- operation2: RemoveData(removeData)
- operation3: GetData()

0.

Main_Form (View) Class

- attributel:type = chartControl

- operationl: DisplayChart(etl_data)
- operation2: UpdateChart(data)

- operation3: ClearChart(clear)

- operation4: ExportChart(jpeg)

0.F

App_Logic (Controller) Class

+ attributel:type = modelClass
+ attribute2:type = viewClass
+ attribute3:type = dataClass

+ operationl: HandleUserActions()
+ operation2: Initialise()
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// Uses StringBuilder to store the extracted text from the PDF
StringBuilder datatext = new StringBuilder();

// Tests the block of code for errors

try

e

// Uses iText library to read the PDF file

using (var pdfReader = new iText.Kernel.Pdf.PdfReader(uri))

using (var pdfDocument = new iText.Kernel.Pdf.PdfDocument(pdfReader))

{

// Uses LocationTextExtractionStrategy to extract text from each page of the PDF
var strategy = new LocationTextExtractionStrategy();

// Loops through each page of the PDF document
for (int page = 1; page <= pdfDocument.GetNumberOfPages(); page++)

{

i // Extracts text from the current page using the specified text extraction strategy

| string pageText = PdfTextExtractor.GetTextFromPage(pdfDocument.GetPage(page), strategy);
! // Appends the extracted text from each page to the StringBuilder

| datatext.Append(pageText);

}

}
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// Tterates through each Lline of the extracted text
Foreach (string s in lines)

/1 Skips Lines that are shorter than 98 characters
if (s.Length < 96) continue;

1/ Extracts the code from the Line
string code = s.Substring(e, 5).Trin();

/1 Defines a regular expression to match numbers
Regex numbers = new Regex(g"[6-9]+"

1/ Skips Lines that do not contain a valid code
if (string.IsNullorEmpty(code) || !numbers.IsMatch(code)) continue;
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// Extracts various numerical values from each line

string
double
double
double
double
double
double
double
double
double

description = s.Substring(9, 20).Trim();

price = double.Parse(s.Substring(36, 5).Trim());
qStock = double.Parse(s.Substring(46, 5).Trim());
adjust = double.Parse(s.Substring(55, 6).Trim());

net = double.Parse(s.Substring(66, 5).Trim());

qTill = double.Parse(s.Substring(77, 4).Trim());
qVariance = double.Parse(s.Substring(83, 8).Trim());
vStock = double.Parse(s.Substring(95, 6).Trim());
VTill = double.Parse(s.Substring(105, 6).Trim());
vVariance = double.Parse(s.Substring(113, 8).Trim());
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// Defines a public class named vTotalDataObject
public class yarianceDatadbject
1

// Defines properties with getters and setters allowing access to a string value
// Getters return the property value
/1 Setters assign a new value to the property

// Common properties
public string Code { get; set; }
public string Description { get; set; }
public double Price { get; set; }

// Quantity properties
public double QStock { get; set; }
public double QTilL { get; set; }
public double Adjust { get; set; }
public double Net { get; set; }
public double QUariance { get; set; }

// value properties
public double Vstock { get; set; }
public double VTSLL { get; set; }
public double Wariance { get; se

85

// Overrides the ToString method to provide a custom string representation of the object
public override string ToString()
t

return $"{Code} {Description} {Price}”;
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private void btnLoad_Click(object sender, EventArgs e)
t

OpenFileDialog openFileDialogl = new OpenFileDialog();
if (openFileDialogl.ShowDialog() == DialogResult.OK)
t

string uri = openFileDialogl.FileName;

// calls the controller to load data from the PDF
var loadedData = Controller.LoadDataFronPDF(uri);

[ (Loadedbata.Count > 0)

// Populate chart with loaded data
PopulateChart(LoadedData’

/1 pisplays a message that data is loaded succesfully
MessageBox. Shon("Data loaded successfully from PDF");

b
1

HessageBox . Shon("No data found in PDF ile





image53.png
B Form1

05 4

0.45 1

04 4

0354

03 A

0.25 1

| No data found in PDF file

oK





image54.png
B Form1

05 4

0.45 1

04 4

0354

03 A

0.25 1

Data loaded successfully from PDF





image55.png
Output

Show output from: | Debug -

*Datavisualisationapp.exe’ (CLR v4.0.38319: DataVisualisations
enabled.

*Datavisualisationpp.exe’ (CLR v4.0.38319: DataVisualisations

11430 JACK DANTELS HONEY 3
11478 JANESONS TRISH 3.
11520 MONKEY SHOULDER 3.3
12005 ABERFALLS 3.5

12023 BATHTU GIN 3.3

12035 BENJAMIN HALL GIN 3.3
12060 BLOOM GIN 3.6

12070 BOE GIN 3.1

12105 BOUBAY SAPPHIRE 3.5
12125 BRECON GIN 3.5

12134 BROOKLYN GIN 4

12155 GORDONS GIN 2.6

12165 GORDONS PINK GIN 2.3
12220 HENDRICKS GIN 3.5
12245 MONKEY 47 4

12247 NELSONS GIN 3.5

12265 PUERTO PINK GIN 2.3
12300 ROAST PINEAPPLE GIN 4
12370 SIPSMITH LEMON 3
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private void btnExport_Click(object sender, EventArgs e)
t

| // Creates a new SaveFileDialog to export chart as image
SaveFileDialog saveFileDialogl = new SaveFileDialog(:
// Sets the file Filter to JPEG format
saveFileDialogl.Filter = "JPEG|+.jpg";

// Sets the dialog title

saveFileDialogl.Title = "Save an Image File";

// Sets the default file nane
saveFileDialogl.FileName = "Chart.jpg”;

// Checks i the dialog result is OK

if (saveFileDialogl.ShowDialog() == DialogResult.OK)
t

1/ Creates a new bitmap to capture the chart image
Bitmap chartImage = new Bitmap(chartControll.uidth, chartControll.Height);

1/ Draws the chart image to the bitmap

chartControl1.DranToBitmap(chartInage, new Rectangle(e, 8, chartControll.Width, chartControll.Height));

1/ saves the chart image as JPEG format
chartInage. Save(saveFileDialogl.FileNane, System.Drawing.Imaging.InageFornat.Jpeg);
MessageBox.Shon("Chart image saved successfully’

3
else
€

HessageBox . Show("Chart inage save error™

¥
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// Adds colour items to the colour combo box
comboColour. Ttems . Add("BLUE™
comboColour. Ttems . Add("PURPLE");
comboColour. Ttens. Add("GREEN")
comboColour. Ttens. Add("ORANGE")
comboColour. Ttems. Add("YELLOW")
comboColour. Ttems . Add("RED")
// Actaches the comboColour_SelectedIndexChanged event handler

comboColour. SelectedIndexChanged += comboColour_SelectedIndexChanged;
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/1 Adds chart type items to the chart type combo box

comboChartType. Itens..
comboChartType. Itens..
comboChartType. Itens..
comboChartType. Itens..
comboChartType. Itens..
comboChartType . Itens..

/1 sets the selected

Add("CoLumN");
Add("BAR™);
Add("LINE™)
Add("AREA™)

Add("PIE™);

Add("BUBBLE");

index of comboChartType to ©

comboChartType. SelectedIndex = 6;
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// Initialises the selected chart type to Colus

SeriesChartType selectedChartType = SeriesChartType.Column;
/1 Suitches on the selected index of comboChartType

switch (comboChartType. SelectedIndex)

€

/7 Case when selected index is 6
case 6:

/1 sets the selected chart type to Column
selectedChartType = SeriesChartType.Column;
break;

/7 Case when selected index is 1

case 1:

| // Sets the selected chart type to Bar
| selectedChartType = SeriesChartType.Bar;
| break;
1/ Case when selected index is 2

case 2:

/1 sets the selected chart type to Line
selectedChartType = SeriesChartType.Line;
break;

1/ Case when selected index is 3

case 3:

| // Sets the selected chart type to Area

| selectedChartType = SeriesChartType.Area;
| break;

1/ Case when selected index is 4

case 4:

/1 sets the selected chart type to Pie
selectedChartType = SeriesChartType.Pi
| break;

1/ Case when selected index is 5

case 5:

| // sets the selected chart type to Bubble
selectedChartType = SeriesChartType.Bubble;
| break;
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private void UpdateChartColour()

1

// Gets the selected color
Color selectedColour = GetSelectedColour();
// Tterates through each series in the chart
Foreach (var series in chartControll.Series)

1

1/ sets the color of each series
series.Color = selectedColour;

1
// Tnvalidates the chart to trigger redraw
chartControl1. Invalidate();
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DESCRIPTION

PRICE

QUANTITIES->

STOCK

VARIANCE

VALUES->

STOCK

TILL

VARIANCE

JACK DANIELS HONEY 70 CL

JAMESONS IRISH 70 CL
MONKEY SHOULDER 70 CL
ABERFALLS 70 CL
BATHTUB GIN 50 cL

.00
.00
.80
.50
.30
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17.
10.
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// Defines a regular expression to match numbers
Regex numbers = new Regex(g"[6-91+");

1/ Skips Lines that do not contain a valid code
if (string.IsNullorEmpty(code) || !numbers.IsMatch(code)) continue;
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PRODUCT GROUP

SPIRITS

FORTIFIED WINES
TABLE WINES

QUANTITIES-> VALUES->

YIELD (%) STOCK ADJUST NET TILL VARIANCE STOCK TILL

110.96% 572.0 2.0 570.0 646.0 76.0 1931.10 2142.70
373.54% 6.0 0.0 6.0 27.0 21.0 18.90 70.60
88.64% 150.0 0.0 150.0 123.0 -27.0 2201.90 1951.80

VARIANCE

211.60
51.70
-250.10
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// Defines a regular expression to match numbers
Regex characters = new Regex(g"[a-zA-2]+");

1/ Skips Lines that do not contain a valid code
if (string.IshullorEmpty(pGroup) || !characters.IsMatch(pGroup)) continue;
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// Determines if the provided file path corresponds to VarianceETL data
// by checking if it contains the string "DESCRIPTION"

public static bool DetermineIfVarianceETL(string FilePath)

t

11 Checks if the PDF contains the string "DESCRIPTION™
return filePath.Contains("DESCRIPTION™
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private void btnLoad_Click(object sender, EventArgs e)
t

| // Creates a new OpenFilebialog to load file
OpenFileDialog openFileDialogl = new OpenFileDialog();
// Checks if the dialog result is OK

if (openFileDialogl.Showdialog()

t

| // Gets the selected file path
string uri = openFileDialogl.FileNane;

ialogResult . 0K)

// Deternines if the selected file is of type VarianceETL
bool isVarianceTL = Controller.DetermineTfVarianceETL (uri)
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// Defines a public static method named LoadDataFromPDF that takes a string parameter

public static void LoadDataFromPDF(string filePath, bool isVarianceETL)
t

Filepath

/1 Loads the data based on the detected type
if (isVarianceETL)

1

/1 Loads and transforas the data from the PDF for VarianceETL
m_results = VarianceETL.LoadPDF(FilePath);
m_vtresults = null;

/1 Loads and tranforms data from the PDF for VTotalETL
m_vtresults = VTotalETL.LoadPDF(FilePath);
m_results = null;

catch (Exception ex)

1

| Debug.WriteLine($"Error when extracting PDF: {ex.Message}. File path: {filePath}":

throw;
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