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Abstract
This report examines how National Heritage can improve its decision-making by introducing a centralised data warehouse. The organisation currently relies on separate operational systems across 137 heritage sites, making it difficult to combine information and analyse overall performance. The report explains the differences between OLTP systems and data warehouses and proposes an architecture using Extract, Transform and Load (ETL) processes to integrate data without disrupting daily operations. It also explores dimensional modelling, a star schema and departmental data marts to support management reporting. Data quality, security and UK GDPR requirements are considered throughout the proposed solution. Overall, the report demonstrates how an integrated data warehouse could improve reporting accuracy, operational efficiency and strategic planning across National Heritage.
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National Heritage manages 137 historic sites across the United Kingdom and relies on several operational systems to manage visitors, memberships, retail sales, venue hire and financial activities. Although these systems support daily operations, the lack of integration makes it difficult to analyse information across the organisation. This report examines how a centralised data warehouse could address these challenges. It discusses data warehouse architecture, ETL processes, dimensional modelling and data marts, before proposing a suitable design for National Heritage. The report also considers data quality, security and regulatory requirements.
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[bookmark: _Toc243949822]1.1 OLTP Database and Data Warehouse
An Online Transaction Processing (OLTP) database supports daily operations by recording transactions such as sales, bookings, payments and registrations. In contrast, a data warehouse integrates information from different systems for historical analysis, reporting and strategic decision-making [1], [2]. It complements rather than replaces OLTP systems.
At National Heritage, OLTP systems manage memberships, admissions, gift shop and tea-room sales, venue hire, donations, HR and finance. Although effective for processing transactions, these separate systems make organisation-wide analysis difficult.
A centralised data warehouse would combine historical data from all 137 sites without adding analytical workloads to operational systems [1], [3]. Management could compare site profitability, visitor and membership trends, retail and venue-hire performance, and staffing requirements. Automated Business Intelligence dashboards would also reduce reliance on manually prepared spreadsheets and quarterly reports.
Overall, the warehouse would turn existing operational data into useful information for strategic decisions while allowing daily activities to continue uninterrupted.




Table. Comparison Between OLTP Databases and Data Warehouses
	Criteria
	OLTP Database
	Data Warehouse

	Main purpose
	Daily business transactions.
	Analysis and strategic decision-making.

	Type of data
	Current, detailed operational data.
	Integrated, current and historical data.

	Data sources
	Usually supports a specific operational system.
	Combines data from multiple internal and external sources.

	Processing
	Frequent inserts, updates and deletions.
	Primarily analytical queries and reporting.

	Database structure
	Usually normalised to reduce duplication.
	Often dimensional, using fact and dimension tables.

	Typical users
	Operational staff and customer-facing applications.
	Directors, managers and business analysts.

	National Heritage example
	Records ticket purchases, membership renewals and retail transactions.
	Compares visitor trends, revenue and site performance across 137 locations.

	Business benefit
	Ensures accurate and efficient daily operations.
	Improves reporting, forecasting and management decisions.


Table 1: Comparison Between OLTP Databases and Data Warehouses.

[bookmark: _Toc243949823]1.2 Data Warehouse Architecture and ETL
National Heritage should use a centralised data warehouse to integrate information from its 137 sites. The architecture would connect operational sources, a staging area, ETL processing, historical warehouse storage and BI reporting [1], [4]. This separates management analysis from daily transactions.
Internal sources would include membership, admissions, retail and tea-room POS, venue hire, donations, HR and finance systems. External tourism, demographic, weather and public holiday data would provide context for visitor trends and financial performance.
ETL (Extract, Transform, Load) would copy relevant records into staging, validate data, remove duplicates and standardise site identifiers, membership categories and date formats before loading the warehouse [1], [5]. Shared data definitions would support consistent reporting across all sites.
To avoid disrupting operational systems, National Heritage should use scheduled incremental extraction, transferring only new or changed records. Processing and cleansing would take place separately from live applications, preferably during quieter periods [4], [5]. Staff could therefore continue admissions, membership registrations, sales and bookings while managers access historical analysis through dashboards and departmental data marts.
Diagram: Proposed National Heritage Data Warehouse Architecture
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Figure 1: Proposed National Heritage Data Warehouse Architecture diagram






Diagram: National Heritage ETL Process
 [image: ]      
Figure 2: National Heritage ETL Process diagram

ETL (Extract, Transform, Load) is the process used to collect data from heterogeneous sources, clean and integrate it, and load the resulting consistent data into the warehouse [1], [5]. During Extract, relevant records are copied from National Heritage’s operational systems. During Transform, inconsistent formats, duplicate records and differences in coding or terminology can be corrected in a staging area. For example, site identifiers and membership categories should be standardised across all 137 locations. During Load, the validated information is transferred into the warehouse for analysis.
Importantly, this process does not require National Heritage to replace its existing systems. Extraction can use scheduled or incremental methods so that only new or changed records are transferred. ETL workloads can also be scheduled during quieter periods, while the staging area separates much of the cleansing and integration work from operational applications [4], [5]. Therefore, admissions, membership registrations, POS transactions and venue bookings can continue normally while analytical processing takes place separately. This separation reduces the risk of complex management queries slowing systems used by staff and visitors in everyday operations.

[bookmark: _Toc243949824]1.3 Data Marts for Management Decision-Making
A data mart is a focused subset of a data warehouse designed for a department or specific users. It provides easier access to relevant information, while pre-calculated indicators and denormalised data can improve reporting speed [6], [7].
National Heritage could create three dependent data marts from its central warehouse:
Managing Director Data Mart: This would provide an overview of performance across all 137 sites, including visitor numbers, active memberships, renewals, revenue, operating costs, venue utilisation and profitability. Comparing these indicators by site, region and period would help identify performance differences and guide investment and resource allocation.
Finance Data Mart: This would combine income from memberships, admissions, retail, tea rooms, venue hire, donations and sponsorship with payroll and operating costs. The Finance Director could monitor budgets, financial KPIs and monthly or quarterly profitability by site and revenue stream, reducing manual reporting and highlighting unexpected costs or declining income.
Sales and Marketing Data Mart: This would analyse membership categories, renewals, admissions, retail purchases, venue bookings and campaign data. The Sales and Marketing Director could identify visitor segments, seasonal trends, popular sites and locations with high attendance but low membership conversion, supporting targeted campaigns.
All three marts would use data from the central warehouse rather than separate operational systems. This would maintain consistent definitions of revenue, visitor numbers and membership status while giving each director faster access to relevant information.
 
[bookmark: _Toc243949825]1.4 Normalised and Dimensional Data Structures
Normalisation is a relational database design approach in which data is separated into related tables to minimise duplication and maintain consistency. This structure is well suited to OLTP systems because individual records can be inserted and updated efficiently. In contrast, dimensional modelling organises warehouse data around measurable business events, known as facts, and the descriptive information used to analyse them, known as dimensions [2], [8]. A star schema typically places the fact table centrally and connects it directly to denormalised dimension tables [8].
National Heritage’s operational databases may therefore store visitor, membership, site and transaction details across several normalised tables. This is appropriate for processing daily admissions and membership transactions, but management analysis may require numerous joins across those tables. In the data warehouse, selected information can instead be reorganised into a dimensional structure designed for reporting.













Star Schema: Simplified National Heritage Visitor Admissions 
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Figure 3: Simplified National Heritage Visitor Admission Star Schema 

Figure 3 illustrates a simplified admissions star schema. Fact_Admission records visitor counts and ticket revenue, while Dim_Date, Dim_Visitor, Dim_Site and Dim_Admission_Type support analysis by period, visitor category and location. In Section 2.2, the proposed schema uses Dim_Member instead of Dim_Visitor to focus on membership behaviour. Although dimensional modelling introduces controlled redundancy, it reduces complex joins and simplifies management reporting [8], [9].
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National Heritage's data warehouse would integrate internal operational systems and external datasets to support consistent reporting and decision-making [1], [10].
Internal sources provide membership, admissions, sales, venue-hire, donation, staffing and financial records across 137 sites. External sources add context through tourism trends, demographics, weather, holidays, local events and geographic information. Together, these help explain visitor patterns and support forecasting, staffing and marketing decisions.
The main sources and the information they provide are listed below.
Internal Data Sources:
· Membership systems – member details, membership categories, renewals and expiry dates.
· Admissions systems – ticket sales, visitor numbers, admission types and visit dates.
· Point of Sale (POS) systems – transactions from gift shops and tea rooms.
· Venue-hire systems – event bookings, hire types, dates and income.
· Finance systems – revenue, expenditure, budgets and financial transactions.
· Donations and sponsorship systems – donation amounts, donor records and sponsorship income.
· HR and payroll systems – employee details, staffing levels, salaries and payroll costs.
External Data Sources:
· Weather data – weather conditions that may influence visitor numbers and seasonal demand.
· Tourism statistics – regional visitor trends and tourism activity.
· Public holidays and local events – information that may affect visitor attendance.
· Economic and demographic data – population characteristics and economic trends that may support planning and marketing.

[bookmark: _Toc243949828]2.2 Proposed Star Schema for National Heritage
A star schema connects a central fact table to descriptive dimensions. National Heritage's proposed model uses Fact_Admission with Dim_Date, Dim_Site, Dim_Member and Dim_Admission_Type to analyse visitor numbers and ticket revenue by location, season and membership category [2], [3].
Master data standardises site and member records. Metadata documents sources, definitions, ETL rules and refresh dates [11]. Aggregate data stores monthly visitor and admissions revenue summaries, improving reporting speed.
Compared with a snowflake schema, this design requires fewer joins and is easier to query [3]. However, denormalisation increases duplication and storage, while aggregates require maintenance. Detailed records preserve analytical flexibility.
During requirements gathering, management identifies four priorities:
· Site profitability: Compare revenue and operating costs across locations.
· Visitor trends: Analyse attendance by site, region and season.
· Membership behaviour: Examine how membership affects visits and spending.
· Venue-hire performance: Identify sites and event types generating the highest income.
The admissions star directly supports visitor and membership analysis. Profitability, spending and venue-hire reporting also require financial, sales and booking data from the wider warehouse, using consistent site and date definitions.














Star Schema: National Heritage Visitor Admission
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Figure 4: National Heritage Visitor Admission Star Schema
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A data mart is a focused subset of a data warehouse designed for specific departments. It improves access and query performance by providing relevant facts, dimensions and measures [6], [7]. National Heritage should use dependent data marts populated from the central warehouse to maintain consistent information.
Three data marts are proposed:
Executive Data Mart: Supports the Managing Director with organisation-wide KPIs from Fact_Admission, Fact_Sales, Fact_VenueHire and Fact_Finance, using Dim_Date and Dim_Site. Monthly aggregates allow comparisons of visitor numbers, revenue, costs, profit, retail sales and venue-hire income across sites and regions.
Finance Data Mart: Combines Fact_Finance with revenue from admissions, sales and venue hire. Date and Site dimensions enable analysis of costs, revenue and profitability by location, period and income source.
Sales and Marketing Data Mart: Uses Fact_Admission, Fact_Sales, Dim_Member, Dim_Product, Dim_Site and Dim_Date to analyse visitor behaviour, membership categories, purchases, seasonal trends and membership-related spending.
The extraction structure is shown in Figure 5. These dependent data marts maintain consistent definitions of revenue, visitor numbers and profitability across departments while providing each management function with a simpler analytical environment.
Diagram:  National Heritage Data Mart Extraction Structure
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Figure 5: National Heritage Data Mart Extraction Structure diagram
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ETL (Extract, Transform, Load) integrates operational data into the warehouse without disrupting daily systems [1], [5]. National Heritage would extract membership, admissions, POS, venue-hire and financial records into a staging area, standardise site codes, dates, membership categories and monetary values, then load dimensions before facts to ensure valid surrogate keys.
Three data quality issues require attention. Duplicate member records, caused by online and site registrations, should be matched using membership IDs and contact details. Inconsistent site names or codes should be mapped to a standard Dim_Site record. Missing or invalid transaction values, including prices and membership IDs, should be checked against business rules, with rejected records held for investigation [12].
Admissions, sales and bookings should be refreshed incrementally several times daily, while HR and finance data can be updated nightly. This limits unnecessary processing [1]. ETL logs should track load times, rejected records and row counts, supported by regular quality checks, metadata updates, backups and performance monitoring.
The following tables show the source-to-target mappings and required attribute transformations.
Table 1. Source-to-Target Table Mapping
	Source system
	Source data
	Target warehouse table
	Main transformation

	Membership System
	Member records
	Dim_Member
	Deduplicate; standardise membership type/status

	Admissions System
	Visitor transactions
	Fact_Admission
	Validate IDs; calculate visitor count and revenue; map dimension keys

	Retail/Tea Room POS
	Sales transactions
	Fact_Sales
	Standardise values; calculate sales measures

	Retail/POS Inventory
	Product records
	Dim_Product
	Standardise product categories and identifiers

	Venue Hire System
	Booking transactions
	Fact_VenueHire
	Standardise hire types; validate booking dates and revenue

	Venue Hire System
	Hire categories
	Dim_HireType
	Map weddings, private events and film/TV categories

	Finance System
	Revenue and costs
	Fact_Finance
	Standardise financial periods and monetary values

	Multiple systems
	Site/location records
	Dim_Site
	Resolve site codes/names; create master site record

	Multiple systems
	Transaction dates
	Dim_Date
	Convert dates to standard format and derive period attributes


Table 2: Source-to-Target Table Mapping.







Table 2. Partial Source Attribute-to-Target Attribute Mapping
	Source
	Source attribute
	Target table
	Target attribute
	Transformation

	Membership
	Membership_ID
	Dim_Member
	Member_Key
	Match source ID; assign surrogate Member_Key

	Membership
	Membership_Type
	Dim_Member
	Member_Type
	Standardise category values

	Admissions
	Admission_Date_Time
	Dim_Date
	Date_Key
	Extract date; look up Date_Key

	Admissions
	Ticket_Price
	Fact_Admission
	Ticket_Revenue
	Validate currency; calculate revenue using ticket quantity

	Admissions
	Site_Visited
	Dim_Site
	Site_Key
	Match site code; assign Site_Key

	POS
	Sales_Value
	Fact_Sales
	Sales_Value
	Validate monetary value

	POS
	Product_Details
	Dim_Product
	Product_Name
	Clean and standardise description

	Venue Hire
	Hire_Type
	Dim_HireType
	Hire_Type
	Map to approved category

	Venue Hire
	Hire_Revenue
	Fact_VenueHire
	Hire_Revenue
	Validate and standardise monetary value

	Finance
	Operating_Costs
	Fact_Finance
	Operating_Cost
	Validate amount, currency and reporting period


Table 3: Partial Source Attribute-to-Target Attribute Mapping.

[bookmark: _Toc243949831]2.5 Data Governance, Privacy, Security and Regulatory Compliance
Data governance establishes policies, responsibilities and controls for maintaining the quality, security, availability and appropriate use of organisational data throughout its lifecycle [13]. For National Heritage, governance is particularly important because the warehouse integrates personal, financial and operational information from multiple systems and locations.
During ETL, data quality controls should identify inaccurate, incomplete and duplicate records, while transformation rules and data lineage should be documented for auditability. Personal information, including member names, addresses, contact details, donor information and employee records, must be processed in accordance with UK GDPR principles, including purpose limitation, data minimisation and storage limitation [14]. Only data necessary for defined analytical purposes should therefore enter the warehouse.
During normal operation, National Heritage should implement role-based access control, encryption, authentication, audit logs and regular security reviews. Sensitive data should be pseudonymised where individual identification is unnecessary, with retention and deletion policies applied consistently across the warehouse and its data marts.
[bookmark: _Toc243949832]Conclusion

The proposed data warehouse would help National Heritage bring together information from its separate operational systems and improve reporting across its 137 sites. Using ETL processes, a dimensional star schema and departmental data marts would allow management to access more consistent and reliable information without disrupting daily operations. The solution could support better analysis of visitor trends, membership activity and organisational performance. However, successful implementation would depend on maintaining data quality, protecting sensitive information and following UK GDPR requirements. Overall, the proposed approach would provide a stronger foundation for informed decision-making and future organisational development.










[bookmark: _Toc243949833]References

[1] F. A. Vilela, V. C. Times, A. C. C. Bernardi, A. P. Freitas, and R. R. Ciferri, “A non-intrusive and reactive architecture to support real-time ETL processes in data warehousing environments,” Heliyon, vol. 9, no. 5, Art. no. e15728, 2023. 
[2] S. Bimonte, E. Gallinucci, P. Marcel, and S. Rizzi et al., “Logical design of multi-model data warehouses,” Knowledge and Information Systems, vol. 65, 2023. 
[3] G. Turcan and S. Peker, “A multidimensional data warehouse design to combat the health pandemics,” Journal of Data, Information and Management, vol. 4, 2022.
[4] B. Oliveira, Ó. Oliveira, and O. Belo, “Overcoming traditional ETL systems architectural problems using a service-oriented approach,” Expert Systems, vol. 40, no. 10, 2023. 
[5] L. Dinesh and K. Gayathri Devi, “An efficient hybrid optimization of ETL process in data warehouse of cloud architecture,” Journal of Cloud Computing, vol. 13, Art. no. 12, 2024.
[6] A. Lamer, C. Saint-Dizier, N. Paris, and E. Chazard, “Data Lake, Data Warehouse, Datamart, and Feature Store: Their Contributions to the Complete Data Reuse Pipeline,” JMIR Medical Informatics, vol. 12, 2024.
[7] A. Lamer et al., “Development and usage of an anesthesia data warehouse: lessons learnt from a 10-year project,” Journal of Clinical Monitoring and Computing, vol. 37, 2023. 
[8] X. Li, Q. Shen, and T. Yang, “Design and optimization of multidimensional data models for enhanced OLAP query performance and data analysis,” Applied and Computational Engineering, vol. 69, pp. 161–166, 2024.
[9] I. P. A. E. Pratama, “Architectural modeling of data warehouse and analytic business intelligence for financial services,” Open Engineering, vol. 13, no. 1, 2023. 
[10] I. M. Putrama and P. Martinek, “Heterogeneous data integration: Challenges and opportunities,” Data in Brief, vol. 56, Art. no. 110853, 2024.
[11] H. A. Alwan, A. Ibrahim, and A. Udzir, “A systematic literature review on metadata management in data warehousing,” IEEE Access, vol. 11, 2023.
[12] M. Faroukhi, I. El Alaoui, Y. Gahi, and A. Amine, “Big data monetization throughout Big Data Value Chain: A comprehensive review,” Journal of Big Data, vol. 7, Art. no. 3, 2020.
[13] C. Brousseau, D. K. Chatterjee, and A. S. Sadiq, “Data governance: A conceptual framework, structured review, and research agenda,” International Journal of Information Management Data Insights, vol. 4, no. 2, 2024.
[14] UK Parliament, Data Protection Act 2018, 2018, and UK General Data Protection Regulation (UK GDPR).
2

image3.png
INTERNAL SOURCES

Membership
Admissions
Venue Hire
Retail/Tea room
Donations
HR and finance

EXTERNAL SOURCES

Tourism statistics
Demographic data
Weather data
Public holidays

EXTRACT

l

STAGING AREA

Clean/Validate
Standardise
Integrate

v

LOAD

v

NATIONAL HERITAGE DW

Integrated historical organisational data

v

Business Intelligence
Dashboards
Reports
Analytics





image4.png
Membership

Admissions

Retail/Tea room

[ Venue Hire ]

[ HR/Finance ]

Extract

STAGING AREA

!

TRANSFORM

- clean
- validate
- deduplicate
- standardise
- integrate

Load
v

DATA WAREHOUSE

l

BUSINESS
INTELLIGENCE
MANAGEMENT

REPORTING





image5.png
Dim_Date

Date_Key (PK)
Full_Date
Month / Quarter
Year / Season

Fact_Admission

Dim_Visitor

Visitor_Key (PK)
Visitor_Type
Membership_Type
Membership_Status

Admission_Key (PK)
Date_Key (FK)
Visitor_Key (FK)

Site_Key (FK)
Admission_Type_Key (FK)
Visitor_Count
Ticket_Revenue
Ticket_Price

Dim_Site

Site_Key (PK)
Site_Name
Site_Type
Region / Country

Dim_Admission_Type

Admission_Type_Key (PK)
Ticket_Type

Member / Non-member
Concession_Type





image6.png
Dim_Site

Site_Key (PK)
Site_Name
Region / Country
Site_Type

Dim_Date

Date_Key (PK)
Full_Date

Month / Quarter
Year / Season

Admission_Key (PK)

Date_Key (FK)

Site_Key (FK)

Member_Key (FK, nullable)
Admission_Type_Key (FK)
Visitor_Count / Ticket Revenue

Dim_Member

Member_Key (PK)
Member_Type

Membership_Status
Renewal_Date

Dim_Admission_Type

Admission_Type_Key (PK)
Ticket_Type
Visitor_Category
Concession_Type

Master Data

Metadata

Aggregate Data

Site / Member / Product
controlled reference records

Source, field definitions,
refresh dates, ETL rules

monthly_visitors
monthly_admission_revenue





image7.png
ENTERPRISE DATA WAREHOUSE

Integrated, cleansed data from operational systems

EXECUTIVE DATA MART

FINANCE DATA MART

SALES & MARKETING MART

Fact tables:
Fact_Admission
Fact_Sales
Fact_VenueHire

Fact_Finance

Shared dimensions:

Dim_Date, Dim_Site

Fact tables:
Fact_Finance
Fact_Admission
Fact_Sales

Fact_VenueHire

Shared dimensions:

Dim_Date, Dim_Site

Fact tables:
Fact_Admission

Fact_Sales

Dimensions:
Dim_Date, Dim_Site

Dim_Member, Dim_Product





image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David




image2.jpg
Data
Warehousing




