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[bookmark: _Toc155285377][bookmark: _Toc155960754]1. Problem Statement

[bookmark: _Toc155960755]1.1 Introduction
The project will investigate a Data Visualisation (DV) solution for a client who conducts inventory inspections.  The client uses Capcon, a software package which outputs data in a Portable Document Format (PDF).  Interpretation challenges emerge when the client conveys the data to their customers.  It is proposed that integrating visualisations will enhance comprehension and support informed decisions.  Capcon restricts usage to a single user and device, limiting accessibility for the client's coworker in a different location.  Mitigating this obstacle should enhance the clients’ workflow significantly.
To support the investigation, research will be performed regarding the history and utilities of data visualisations, the cognition infrastructure supporting humans perceiving visualisations, the interpretation of inventory data, and concerning factors in data safeguarding.

[bookmark: _Toc155960756]1.2 Data Visualisations

[bookmark: _Toc155960757]1.2.1 Origins
[image: A graph with lines drawn on it

Description automatically generated]It is estimated that humans have been visualising data from the late 10th or early 11th century, with an example by Cicero (figure 1.1) consisting of the daily astronomy and physics being reviewed through time function collections of planetary orbits (1 p.1-3, 2 p.2426).  The origin representation of statistical data was created in a graphical formation (figure 1.2) that portrayed the distance from Toledo, Spain to Rome, Italy - by Michael Florent van Langren in 1644 (3 p.1).  Statistical graphics such as line graphs and bar and pie charts that are present today, were firstly the work of William Playfair (figure 1.3) (1, 4).  His invention helped navigate the perception of how humans perceive Data Visualisations (DVs) as a universal language.  
Figure 1.1 Approximately 10th or 11th-century time-series graph by Cicero

[image: A close-up of a graph

Description automatically generated]Figure 1.2 Toledo to Rome distance graph by Langren

[image: ]
Figure 1.3 Bar graph by Playfair (1976)

[bookmark: _Toc155960758]1.2.2 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 aspects like market trends, Key Performance Indicators (KPI), and discrepancies (5 p.133).  

[bookmark: _Toc155960759]1.2.3 DV Techniques
Srivastava (6 p.126) advocates for data analysts to choose efficient data representation techniques.  Bar charts compare data categories, pie charts differentiate size proportions, and line graphs detect trends (6, 7).  These techniques facilitate in conveying information across domains like inventory management, customer interactions, and competitor analysis.  As data proliferates rapidly, integrating visualisation disciplines becomes crucial for firms to augment their economic moat (8 p.1).
[bookmark: _Toc155960760]1.2.4 Key Representatives 
[image: The best Hans Rosling talks you've ever seen | TED Talks]In his Ted Talk on human development trends, Hans Rosling utilised visualisations like charts and mapping techniques (Figure 2.1) to present sophisticated datasets (9).  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 (10).
Figure 2.1 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 (11).  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 2.2), a term popularised by Tufte (12 p.5). 
[image: A screenshot of a graph

Description automatically generated]
Figure 2.2 Small multiple waffle charts
[bookmark: _Toc155960761]1.2.5 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.  Power BI transforms complex, structured data from sources like databases, spreadsheets and JSON files into user-friendly reports and dashboards (Figure 2.3).  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 (13).  
Figure 2.3 PowerBI Dashboard

[image: Tableau Dashboard - Superstore]Tableau provides development and user-service environments.  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 2.4) (14 p.318). 
‌ Figure 2.4 Tableau Dashboard
Alternatively, businesses can develop bespoke DV applications that are customised for their specific processes.  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). 
[bookmark: _Toc155960762]1.3 Human Cognition 

[bookmark: _Toc155960763]1.3.1 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).  How individuals process thought is largely attached to the human eye due to all bodily senses contributing to roughly 70% of vision.  Moore (17 p.131) concurs, highlighting the cognitive tasks performed by the brain are based on visual input.  Cognitive and perception processes work simultaneously, and depending on the visualisation, patterns will either make sense or be imperceptible (et al Ware) (18). 

[bookmark: _Toc155960764]1.3.2 Human-Computer Interaction (HCI)
HCI first existed in the computer science field that involves the study of the interaction between humans and computers.  Dix (19 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 (20) 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 3.1).  Huang (21 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.
[image: A diagram of different colored circles

Description automatically generated]


Figure 3.1 Holistic representation of HCI domains 


[bookmark: _Toc155960765]1.3.2.1 Gestalt Psychology  
[image: Cassiopeia Constellation - Features And Facts - The Planets]Co-founded by Koffka and Kohler, Gestalt psychology delves into the sensations and perceptions of humans (22).  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 (23 p.139).  For instance, objects viewed from a distance may be perceived differently up close, leading to the formation of shapes.  The Cassiopeia constellation (Figure 3.2) 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 (23).
Figure 3.2 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 3.3) 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 (24 p.423-424). 
Figure 3.3 Kanizsa Triangle
[bookmark: _Toc155960766]1.4 Interpreting Inventory Data 

[bookmark: _Toc155960767]1.4.1 Inventory Management Systems (IMS)
Businesses leverage IMSs to centralise inventory monitoring, enabling stakeholders to forecast informed decisions.  Verbeeke (25 p.16) indicates that resource availability is enhanced through an IMS (Chan et al.), and customer support measures can be achieved, (Reid et al).  IMS objectives include enhancing overall costs by observing stock levels, ordering and shortages, minimising inventory expenditures, and facilitating cost-effective operations.  Business Intelligence (BI) decisions can be executed with an IMS such as determining a product’s popularity (26 p.13).  A study (27 p.567) suggests that IMS reduce human errors by eliminating manual processes.  However, adopting a computerised system may pose challenges, with security risks identified, particularly in web-based systems where malicious hacking exists (28 p.104).

[bookmark: _Toc155960768]1.4.2 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 (29 p.1903-1905, 30). 

[bookmark: _Toc155960769]1.4.3 Cynefin Framework
[image: A diagram of a disorder

Description automatically generated]The Cynefin framework, developed by Welsh researcher and consultant Dave Snowden, conceptualises decision-making processes for solving complex problems.  This systematic framework (Figure 4.1) comprises five contexts that leaders must navigate: complex, complicated, chaotic, and simple.  In cases where the primary context is unclear, disorder is applied (31).  Moore (17 p.130) articulates that unclarities arise when acknowledging the cause and effect of strategic decisions, and adopting the Cynefin framework helps address these business complexities. 
Figure 4.1 The Cynefin Framework
[bookmark: _Toc155960770]1.5 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 enhance data safety (32).  Data integrity is crucial for privacy, especially since organisational data is confidential (33).  Inventory data, considered intellectual property, poses a risk if breached that could potentially benefit competitors.  Therefore, safeguarding data is essential for protecting organisational interests.

[bookmark: _Toc155960771]1.5.1 Access Control Policies 
Safeguarding data and resources from unauthorised disclosure and improper modifications, while ensuring availability to legitimate users, is a crucial requirement for any inventory management system.  Enforcing protection involves controlling every system’s access to allow only authorised users (34 p.137, 35). 

[bookmark: _Toc155960772]1.5.2 GDPR
The General Data Protection Regulation was enforced in 2018 which represents a shift in data protection laws that enforces more protection responsibilities on organisations.  An article postulates that (36 p.1292-1294) these guidelines must be adhered to when processing information, if not, organisations may be susceptible to pay fines up to 20 million euros or 4% of their revenue.


[bookmark: _Toc155960773]1.6 Conclusion
Data visualisations are an integral tool to aid with decision-making procedures.  Although they have existed from as early as between the 10th and 11th centuries, DVs have been popularised within business reporting since the 1960s.  It is necessary to not only understand the benefits they obtain from harnessing business processes but also to grasp the inner workings of how humans perceive visual designs.  HCI and Gestalt psychology are cornerstones within visualisations as they help to hypothesise the process of human cognition through the interpretation phases.  
It is possible to conclude that amalgamating visualisations with inventory management systems allows data to be rendered into a meaningful context.  This can identify future processes that may not have been detected.  Safeguarding initiatives are essential to mitigate data privacy concerns such as access control policies and abiding by regulations like GDPR.  Understanding and following the existing research will assist the investigation in accomplishing the intended solution.





[bookmark: _Toc155960774]2. Aims and Objectives

[bookmark: _Toc155960775]2.1 Aim
Evaluate the effectiveness of the client adopting visualisations when rendering inventory data, to facilitate decision-making.

[bookmark: _Toc155960776]2.1.1 Objectives

1. Gather system requirements:
· Meet with the client to discuss the solution to a given problem.
· Discover what data visualisations represent holistically.
· Explore the factors of how visuals are perceived through human cognition.
· Research the importance of transforming inventory stock data into a meaningful context for business processes.
· Investigate the significance of mitigating security initiatives for safeguarding data privacy.

2. Design and develop the application:
· Investigate Capcon’s software output.
· Design the interface through mock-up drafts.
· Formulise prototypes of code.
· Develop the application through Visual Studio IDE in C# WinForm.NET.
· Integrate iTextSharp for PDF extraction and manipulation.
· Adopt testing procedures for bug or error detection – with revisions.
· User acceptance testing.

3. Reflect upon the effectiveness of the development model:
· Achieving the solution.
· Future application improvements.
· Alternative approaches.


[bookmark: _Toc155960777]3. Deliverables

[bookmark: _Toc155960778]3.1 Scope
A desktop application will be created using Visual Studio's C# Windows Forms to save, process, and load data into various visualisations from a PDF file.  The GUI architecture includes buttons, textboxes, and labels.  iTextSharp library will be utilised to transform and manipulate the client's PDFs into a text file.  This conversion enables the application to generate comprehensible data.
[bookmark: _Toc155960779]3.2 Application Type
A desktop application is ideal for the client's needs as it requires only offline access for loading data files.  Desktop apps offer improved performance and speed by avoiding network interruptions.  Security is enhanced through local data storage without an internet connection.  Given the nature of depicting data, developing a mobile application would be impractical and challenging for users to perceive smaller-scale visualisations (37).

[bookmark: _Toc155960780]3.3 Resources 

[bookmark: _Toc155960781]3.3.1 Software Requirements 

· Windows 10/11
· Visual Studio 2022
· C# Language
· iTextSharp library
· Charting libraries (Nevron Chart, LiveChart)

[bookmark: _Toc155960782]3.3.2 Development Techniques 
C# WinForms.NET is selected for development, providing pre-built templates for seamless integration.  C# incorporates libraries like LiveCharts and iTextSharp for file conversion, enhancing the user experience (38).  WinForms.NET, recognised for its user-friendly GUI capabilities, features an editor window for drag-and-drop GUI components and a main window for code development (39 p.11).  Visual Studio IDE, chosen for its amalgamation with C#, offers essential features like debugging, testing, IntelliSense, and syntax highlighting (40 p.144-162, 41).

[bookmark: _Toc155960783]3.3.3 Visualisations 
The researcher received an exemplified spreadsheet from the client, consisting of field names like products, stock, sales, and profits.  Key fields to analyse include ‘Variance (£)’, ‘Total Gross Sales (£)’ and ‘General Profit (%)’.  Bar charts will compare sales (£) across periods, line graphs for detecting trends over time, and pie charts will project percentage data proportions (6, 7).




[bookmark: _Toc155960784]4. Research Methodologies

[bookmark: _Toc155960785]4.1 Philosophy
The philosophical approach will be phenomenology, a qualitative research method that quantifies the study of human opinion (42 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 (43).  Phenomenology should assist in uncovering stakeholders’ requirements and motivations to develop an intuitive application.

[bookmark: _Toc155960786]4.2 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 (44 p.172).  Fostering a qualitative research method, this project will benefit from an inductive approach when collecting stakeholder feedback and experiences (45).

[bookmark: _Toc155960787]4.3 Strategy
Action Research, chosen for this investigation, 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 (46 p.684).  Action research encompasses problem realisation, solution development and implementation, and evaluation and reflection processes, benefitting the investigation’s progress (47 p.38).

[bookmark: _Toc155960788]4.4 Choices
A mono-method process has been selected to 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 (48).

[bookmark: _Toc155960789]4.5 Time Horizon
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 (49, 50).  Cross-sectional should be advantageous as it grants the stakeholders’ experiences to be evaluated at the project’s conclusion.



[bookmark: _Toc155960790]4.6 Techniques and Procedures
Client interviews will use a semi-structured framework with open-ended questions to gather feedback (51).  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 (52).  Coding and data analysis will enhance data quality, summarising responses into themes (53 p.259).  A hybrid qualitative approach, combining pre-identified and emergent themes, will be employed (54).  Self-directed questions will guide data utilisation and address research objectives.

[bookmark: _Toc155960791]4.6.1 Ethics and Legal
Ethical considerations are integral to harnessing valid and accurate data, 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 (55 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.
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[bookmark: _Toc155960793][image: ]5.2 Work Breakdown Structure

[bookmark: _Toc155960794]5.2 Gantt Chart
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