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System Design 
 This document specifies the design of a Business Intelligence (BI) system suitable for NovaCart, a medium-sized e-commerce company. The BI system includes developing a data warehousing architecture, adopting appropriate BI and data mining tools, combined with analytical/reporting software, robust data security and high data quality.
 
Proposal and Justification
Company Overview and Industry 
NovaCart is an e-commerce medium sized company specialising in niche consumer goods. Some of their specialty items are eco-friendly household goods, crafts made by hand, and sustainable fashion. 
The ecommerce industry is one where effective management of data results in a personalised customer experience, optimal supply chain, and elevated profitability (Chaffey, 2022). NovaCart faces several issues that are common to the industry: data systems are fragmented, where customer behavior, inventory, and sales data are maintained in stand-alone, unconnected systems, and consolidated reporting is particularly challenging. 
Analytics are limited, with existing systems only providing basic performance metrics, which are insufficient to predict trends or understand customer preferences.  The lack of predictive analytics also causes operational inefficiencies with frequent issues in stock management related to overstocking and stockouts (Davenport and Harris, 2017). 

Purpose of the BI System 
The BI system will help drive NovaCart forward to becoming a data-driven organisation by: 
· Centralising all sources into one unified view of key business metrics.
· Enabling real-time, interactive dashboards for both leading and lagging performance indicators across sales trends, inventory levels, and customer engagement. 
· Enabling high-performance analytics that identify demand patterns toward an optimised inventory position, with personalised marketing strategies for customers.
(Chaudhuri., Dayal., and Narasayya. 2011) highlight the importance of leveraging advanced BI technologies to enable decision-making and enhance business intelligence systems. 
Relevance to E-Commerce
BI systems are important in e-commerce to improve operational efficiency, enhance customer satisfaction, and ensure profitability. According to (Ferreira, T., Pedrosa, I. and Bernardino, J., 2019, June.) “The growth of online shopping has allowed e-commerce to become a usual concept. However, companies still have little knowledge about their customers and the most appropriate and effective processes to create a perfect fit between customers' needs and companies' interests. To solve this problem, it is important to join e-commerce with Business Intelligence (BI). This paper provides a survey of the most popular business intelligence and e-commerce open-source platforms and proposes an architecture to combine e-commerce with business intelligence.”

Design of BI System for NovaCare
The following specification will address the challenges for NovaCart by unifying fragmented data, amplifying analytics capability, and actionable insights that drive strategic decisions.
The success of a BI system for NovaCare depends on implementing an effective data Warehousing Architecture. Data Warehouse services are of growing importance in today's business world, examples being Amazon Redshift, Google BigQuery (Google Cloud Platform, 2024), or Snowflake (Snowflake Inc., 2023).
The recommended Warehousing Architecture for NovaCare requires:
a. integrating data from a variety of sources;
b. transforming data into an analytical format;
 c. and making the data available for reporting and advanced analytics.


a. Sources of Data 
The data that has been identified on which the proposed system will base the integration are as follows: 


Internal Sources of data
Sales Platform: The transactions conducted on websites and mobile phone applications, end to end (all stages of the transaction, such as browsing, selecting products, making payments, and receiving confirmation of the purchase). 
Inventory Management System: Available Stocks of Products and their respective schedules for replenishment along with information of Suppliers.
Customer Relationship Management (CRM) Systems: Information showing the history and nature of transactions undertaken by each customer or how frequently customers “visit” the organisation.

External Sources of data from outside the business
· Sentiment analysis in customer reviews and feedback from social networking websites.
· Customer segmentation data
· Sources of customer engagement 
· Competitor pricing and product information from available online stores publicly. 

b. Transforming data - ETL (Extract; Transform; Load) Processes
The ETL process is crucial for transforming the raw data sourced into a format suitable for analysis: 
Extract: Use data connectors to pull data from various sources. Tools like Apache Nifi (Ali, A.R., 2018. pp. 43-49), Talend (Talend., 2024), or custom scripts are recommended options.
Transform: Data Cleaning: Remove duplicates, correct errors, standardise formats (Delen and Demirkan, 2013).
Data Integration: Combine data from different sources into a unified format.
Data Enrichment: Add additional context or derived metrics (e.g., customer lifetime value).
Load: Load the transformed data into the data warehouse. This can be done using batch processing or real-time streaming, depending on the business needs.



 c. Data Analytics and Reporting  
Online Analytical Processes or OLAP Operations will enable NovaCare to make complex queries and analysis on the data stored in the warehouse. Examples of analytics available to NovaCare are:
Data Modeling:
Star Schema: Simplified structure with a central fact table connected to dimension tables (Kimball and Ross, 2019).
Snowflake Schema: More normalised structure with multiple related dimension tables.
OLAP Cubes: 
Create OLAP (Berson and Smith, 2002) cubes to enable multi-dimensional analysis. This allows for slicing, dicing, drilling down, and rolling up data.

Analytical Tools: 
Use BI tools like Tableau (Tableau Software, 2024), Power BI, or Looker to visualise and analyse data. These tools can connect to the OLAP cubes (Berson and Smith, 2002) and provide interactive dashboards and reports.

Data Security and data Quality assurance and management 
Data Security is essential in business today to protect the company, staff and customer data. The following are good practice recommendations for NovaCare based on the book by Stensile, S, Haugom, L, Vaage, B, H, 2021, Intelligence Analysis in the Digital Age, Routledge, Oxford (Stensile, S., Haugom, L., and Vaage, B. H. 2021). 
· Implement Strong Access Controls: Use role-based access control (RBAC) to ensure that only authorised personnel have access to sensitive data. This includes setting up user permissions and regularly reviewing access rights  
· Data Encryption: Encrypt data both at rest and in transit to protect it from unauthorised access (ISO, 2022). This includes using HTTPS for secure communication and encrypting sensitive information such as customer data.  
· Regular Security Audits: Conduct regular security audits and vulnerability assessments to identify and address potential security gaps (GDPR.eu, 2025). 
· Employee Training: Train employees on data security best practices, including recognising phishing attempts and using strong passwords  
· Multi-Factor Authentication (MFA): Implement MFA to add an extra layer of security for accessing the BI system  

Quality Management  
At all times Novacare must be able to trust the data to make effective decisions.  
Recommended ways to deliver quality data at NovaCare are:
·  Set clear, quantifiable quality standards for data, with an analysis of what each business process means in terms of data. 
· Define expected levels of quality regarding accuracy, completeness, consistency, and validity; 
· Data Validation and Cleaning: implement processes that ensure frequent validation and cleaning of the data for its quality. This includes removal of duplicates, correction of errors, and standardisation of data formats: 
· Automated Quality Checks: specify automated tools that will perform quality checks at different points of data processing enabling early detection and subsequent correction of data issues.
Additionally specify continuous Monitoring and Improvement
· Continuous monitoring of data quality, including improvements based on feedback and performance metrics. 
· Supplier and Partner Engagement: To engage suppliers and partners right down the value chain to ensure that standards regarding data quality are upheld. 
These strategies will enable a medium-sized e-commerce business to ensure real time data security and quality in the BI system for better decision making and improved performance of the business.
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Critical Evaluation of the Proposed BI System 
Effectiveness of the Proposed BI System in Providing Strategic Business Insights 
The proposed BI system by NovaCart will enable the organisation to present raw, detailed, accurate data in real time on an integrated platform and so provide strategic insights to managers to make better, informed decisions and choices The system integrates various touchpoints for customer behaviour and sales transactions and product performance. It also allows for an advanced analysis of data, underlining trends but pointing especially toward predictive analytics in terms of sales forecasting and inventory management. This, in turn, helps NovaCart anticipate customer demand, avoid overstocking or stockouts, and better target marketing campaigns. A major strength of this system is showing real-time data on interactive dashboards that allow managers to format the data to be easier and quicker to “read,” understand and act upon as appropriate. 
  
The application of Power BI, together with Excels PivotTables and charts, will give managers valuable insights into key metrics to make informed decisions based on the strategic goals set by the company. It will also identify trends and relationships between customer behaviours, sales performance, and external factors like competitor pricing to further enhance managers decision-making (Power BI., 2023). 
 
Challenges and Limitations  
There are benefits associated with the proposed BI system, but there are also challenges and limitations. 
Limitations exist in the integration process, because of the complexity of the task. Since data collection needs to be gathered from multiple systems, like inventory management, CRM, and analytics of social media, it requires effort, time, resource and so added costs to ensure the flow of data from various databases into a single centralised data warehouse without losing value by producing conflicting or inaccurate reports for decision makers (Davenport and Harris., 2017). According to Inmon (2020), the process of integrating these data sources into a centralised data warehouse requires careful planning and robust ETL processes to ensure accuracy and consistency. 
Limitations arise from data inconsistencies, like missing or duplicate entries not removed that will make the analysis quality low. While there is a cleaning process in place for the data, there is still a chance for human errors while entering data and from other external sources of data. 
Another challenge will be dependence on external data for insight into market trends and competitor analysis. As valuable as these sources may be, there is potential for inaccuracies, delays that may cause discrepancy in the insight generated (Gartner., 2023).
Business models of NovaCart are coupled with the interaction of customers with its online platform, and this might bring some kind of bias into the collection of data. For example, not all customers might use the website in a manner that would provide appropriate insight into their true needs if not considered.

Scalability and Flexibility 
The proposed BI system is scalable. This could include using cloud-based solutions and flexible data warehousing choices to further expand NovaCarts’ scale of data analysis as the business grows (Amazon Web Services, 2024). This can continue to allow the system to scale in additional data sources when NovaCart is introducing new product lines or entering new markets, providing insights into those new areas of the business. 
The modular design further allows for easier integration of future technological advancements such as AI-driven analytics or more advanced machine learning models that could power predictive insights (Chen., Chiang. and Storey. 2012). 
Scalability also poses its own challenges. As the volume of data grows, maintaining system performance and a fit-for-purpose infrastructure that will be able to sustain additional computational loads will further require investment in cloud storage and computing resources. Also, not allowing the quality of the data to lag behind this rapid scaling will require sustained investment in data governance practices and periodic auditing of the systems (ISO., 2022).

Ethical Considerations
Ethically, data collection and usage must be managed rigorously within the NovaCart BI system. 
It is essential that customers' data is treated confidentiality and requirements for customers consent for their personal data and information to be shared cannot be sidestepped. 
Information collection from customers by NovaCart should be upon request and with consent and must meet data protection laws such as the UK’s General Data Protection Regulations (GDPR) 2018 or the laws of any area where the business operates (The Guardian., 2024).
 NovaCare must make a provision for customers opting out of any process of data collection and their information not being passed on to third parties unless consented to. 

Data security 
Data must be secure to protect sensitive information about customers, staff and finances. Encryption protocols, access controls, and audit trails are necessary to ensure a data breach risk is minimised/removed. Should customers feel misuse of their data was happening or their personal data was insecure, there would be anger and erosion of trust and loss of customers. Moreover, serious reputational damage, adverse publicity, compensation payments and fines as a consequence will harm the business, as experienced by Dixons Carphone Warehouse - fined £500,000 for a massive data breach (The Guardian., 2024). Accordingly, NovaCare must set out a clear data governance framework that will guarantee transparency in data collection, processing, and utilisation while finding a balance between business needs and ethical responsibility. 
 
 
Strengths in Strategic Insight Delivery 
1. Enhanced Decision-Making:  Real-Time Data: With daily ETL (Extract; Transform; Load) updates, decision-makers can monitor Key Performance Indicators like revenue trends and inventory levels in real time, ensuring timely decisions (Talend., 2024).
 2. Advanced Analytics: The ability to perform predictive analysis, clustering, and association mining allows NovaCart to anticipate sales trends, understand customer preferences, and optimise inventory (Han, Kamber, and Pei, 2012). 
3. Customer-Centric Strategies: Insights derived from customer segmentation and sentiment analysis provide opportunities for personalised marketing and improved customer satisfaction (Chaffey, 2022). 
4. Operational Efficiency: Data integration of supply chain and financial data helps identify bottlenecks and optimise costs, directly contributing to operational improvements (Berson and Smith, 2002). 
5. Competitor Intelligence: Analysis of competitor’s pricing and market trends ensures that NovaCart can adjust its pricing strategy dynamically, maintaining a competitive edge. 
 

Potential Challenges and Limitations to strategic delivery 
Despite its numerous strengths, the BI system may encounter challenges in practical implementation: 
1. Data Integration Complexities: Merging diverse datasets, particularly external sources like social media and competitor data, may introduce inconsistencies and delays during ETL processes (Apache Software Foundation, 2024).. 
2. User Adoption: Employees unfamiliar with BI tools may require substantial training, which could temporarily slow adoption and utilisation (Delen and Demirkan., 2013). 
3. Accuracy of Predictive Models: Predictive analytics relies heavily on the quality of historical data. Any inaccuracies in the input data could lead to flawed predictions (Shmueli., Patel. and Bruce. 2017). 
 
 Evaluation of Scalability and Adaptability 
The scalability and adaptability of the BI system are necessary for NovaCarts sustained growth and responsiveness to technological or business changes. 

Scalability 
1. Cloud-Based Data Warehouse:  The system’s cloud infrastructure ensures seamless scalability as data volumes grow with increased transactions and customer data (Google Cloud Platform., 2024). 
2. Flexible Architecture: The star schema design allows for easy integration of new data sources, ensuring the system can evolve with NovaCart’s expanding operations (Kimball and Ross., 2019). 
3. Expandable BI Tools: Tools like Power BI and Python libraries support advanced customisation and integration with emerging technologies, enabling future enhancements (Power BI, 2023). 
 
Adaptability 
1. Technological Advancements: The system can incorporate AI-driven analytics, such as machine learning models, to refine predictions and automate decision-making. Integration with IoT devices, such as in-store sensors, can provide granular operational insights (IBM., 2023). 
2. Business Growth: As NovaCart enters new markets, the system can accommodate additional regional data, customer profiles, and product categories without significant reengineering (McKinsey & Company., 2024). 

Potential Scalability Challenges 
1. Cost Implications: Scaling cloud services and advanced analytics tools may increase operational costs, necessitating careful Return On Investment (ROI) analysis (Amazon Web Services., 2024). 
2. Data Management Overhead: Maintaining data quality and security becomes increasingly challenging with larger datasets and more complex workflows (ISO, 2022). 
 
Ethical Implications of Data Usage 
As data becomes a cornerstone of strategic decision-making, ethical considerations are essential. The proposed BI system addresses several ethical challenges while raising important questions about data usage and privacy. 

Data Privacy Concerns 
1. Customer Data Protection: The collection of customer demographics, behavioural data, and feedback necessitates strict compliance with data privacy regulations like GDPR.  Role-based access controls and encryption protocols mitigate risks butmust be monitored continuously (GDPR.eu., 2025). 
2. Transparency:  Customers should be informed about how their data is being used, with
options to opt-out of data collection practices (Anam, K. and Lasimin, L., 2024. pp.1505-1516.).
 
Bias in Data Analytics 
1. Fairness in Predictions: Predictive models must be carefully monitored to ensure they do not perpetuate biases in customer segmentation or marketing strategies (Brynjolfsson and McAfee., 2014). 
2. Ethical AI Usage:  The adoption of machine learning tools should align with ethical guidelines, avoiding discrimination based on sensitive attributes like age, gender, or ethnicity (Chen., Chiang., and Storey. 2012). 


Social and Environmental Impact 
 
1. Sustainability Metrics: The system could be extended to monitor environmental KPIs, such as thecarbon footprint of supply chain operations, aligning with NovaCart’s commitment to corporate social responsibility (Ali., 2018). 
2. Digital Divide: NovaCart must ensure equitable access to its BI tools and insights for allemployees, regardless of technical expertise, to foster inclusivity (Looker., 2023). 
 
Conclusion and Recommendations 
Timely, relevant, and reliable intelligence is crucial for effective decision-making in today's challenging threat environment is the conclusion reached by (Stensile, S., Haugom, L., and Vaage, B. H., 2021). The proposed BI system is a transformative initiative for NovaCart, to deliver strategic insights that drive growth, efficiency, and customer satisfaction. Its scalability ensures readiness for future challenges, while its adaptability positions NovaCart at the forefront of technological innovation in e-commerce. To maximise the system’s potential, NovaCart must recognise the identified challenges and limitations and manage the risks arising. Recommended actions to adopt in a Risk Management a Project Plan are: 
1. Investment in robust employee training programmes to enhance adoption
rates. 

2. Regular audits of predictive models regarding accuracy and equity.
 
3. Data governance policies that guarantee ethical standards in compliance with the law on data protection.
 
4. Investigate the possibilities of integrating sustainability measures that will clearly connect business objectives with impacts on society.
 
5. Regular planned reviews to ensure that this is done.
Through recognising both the benefits and challenges/limitations of a BI System and following good management and practice as recommended NovaCart can unlock the full value of its BI system and deliver continuous improvement to maintain its competitive advantage in the ecommerce landscape. 
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1002 102 200 0.6 01:19:00 Bank Transfer Canada 250.67
1003 103 75 0.3 12:00:00 Debit Card France 349.88
1004 104 125 0.5 03:30:00 Credit Card Canada 630.24
1005 105 180 0.7 14:00:00 Bank Transfer France 338.54
1006 101 150 0.5 03:10:00 Credit Card Germany 107.18
1007 102 200 0.6 06:00:00 Debit Card Canada 659.95
1008 103 75 0.3 06:00:00 Credit Card USA 291.52
1009 104 125 0.5 09:21:00 Bank Transfer UK 485.45
1010 105 180 0.7 02:00:00 Bank Transfer Germany 983.77
1011 101 125 0.6 13:00:00 Credit Card Canada 866.65
1012 101 180 0.5 11:20:00 Credit Card UK 393.4
1013 105 180 0.7 11:00:00 Credit Card UK 26.85
1014 102 75 0.5 13:32:00 Credit Card UK 101.26
1015 104 75 0.5 16:23:00 Debit Card Canada 780.96
1016 103 180 0.5 21:00:00 PayPal USA 355.72
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1018 105 200 0.3 17:52:00 Bank Transfer Germany 425.76
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