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E-commerce has revolutionized the way businesses operate, providing a new channel for growth and market expansion. Through e-commerce, businesses can access a wider audience and establish a global market presence by leveraging cheaper and more efficient distribution channels for their products and services This shift has significantly changed consumer behaviors, with many people now preferring to shop online using their computers or smart devices for the convenience of home delivery (Chaffey, 2015).
The dataset provided for this analysis comprises sales transactions from a UK-based online retail shop that has been selling gifts and homewares since 2007. This London-based shop caters to customers worldwide, including individual consumers and small businesses purchasing in bulk for resale through retail outlets. The dataset spans one year of transactions, offering a comprehensive view of the shop's sales dynamics.
Understanding the sales data is crucial for identifying trends, popular products, and customer behaviors, which are essential for making informed business decisions. By analyzing this dataset, we can uncover valuable insights into sales trends, product popularity, and profitability, ultimately aiding in the optimization of business strategies and enhancing overall profitability (Turban et al., 2018).
[bookmark: _Toc174525934]Data pre-processing
Data pre-processing is a fundamental step in data analysis that involves cleaning and transforming raw data into a usable format. This process is essential to ensure the accuracy and reliability of subsequent analysis (Witten, Frank, and Hall, 2011). Common tasks in data pre-processing include removing irrelevant or redundant data, correcting data types, and handling missing values and inconsistencies within the dataset (Zhang, Zhang, and Yang, 2003)
In this report, thorough data pre-processing has been conducted on the provided e-commerce sales dataset. This essential step facilitates accurate and meaningful analysis, supporting strategic decision-making and enhancing overall business performance.
[bookmark: _Toc174525935]Data Analysis
With the data pre-processing completed, we can now proceed to the data analysis phase. This section will focus on four key aspects of the sales data: sales trend analysis, frequently purchased products, customer purchase behavior, and profitability analysis. Each analysis provides critical insights that can inform strategic decisions and enhance business performance.
[bookmark: _Toc174525936]Sales trends over the months 
The chart provided illustrates the daily sales trends over a specified period, represented by the sum of prices and quantities sold each day.
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	Data
	 

	Date
	                                       Sum of Price
	                                           Sum of Quantity

	11/17/2019
	40763.99
	28341

	11/18/2019
	37356.94
	23646

	11/20/2019
	42211.52
	19359

	11/21/2019
	37753.09
	25403

	11/22/2019
	47319.31
	33905

	11/23/2019
	23431.52
	39148

	11/24/2019
	24078.10
	24962

	11/25/2019
	19706.01
	31337

	11/27/2019
	16183.80
	11139

	11/28/2019
	21358.46
	28628

	11/29/2019
	27840.78
	30693

	11/30/2019
	22014.46
	28192

	12/01/2019
	18363.87
	26798

	12/02/2019
	18153.38
	28483

	12/04/2019
	12943.44
	12381

	12/05/2019
	35775.42
	43626

	12/06/2019
	21639.04
	29329

	12/07/2019
	15275.59
	41743

	12/08/2019
	31341.59
	33859

	12/09/2019
	11369.58
	12901

	Grand Total
	524879.89
	553873



The sales data shows significant daily fluctuations in both total sales revenue and the number of products sold.
Revenue Peaks: Notable peaks in revenue are observed on 11/20/2019 and 12/05/2019. These peaks indicate days with high sales revenue, possibly due to special promotions, marketing campaigns, or seasonal demand.
Quantity Peaks: High quantities of products sold are evident on 11/23/2019 and 12/07/2019. These peaks suggest days with large volumes of sales, which could be due to bulk purchases or discounts on specific products.
There are periods where the quantity of products sold is high, but the total revenue is relatively low. For instance, on 11/23/2019, a high quantity was sold, but the revenue does not peak as significantly. This could indicate sales of lower-priced items or discounts.
Conversely, on 11/20/2019 and 12/05/2019, the revenue is high while the quantity sold is not as high, suggesting the sale of higher-priced items or less frequent but high-value purchases.
Between 11/17/2019 and 11/22/2019, sales are relatively consistent in both revenue and quantity. This period reflects stable customer purchasing patterns and can be leveraged for regular promotional activities.
[bookmark: _Toc174525937]Most freqvently purchased products
Based on the analysis of the sales transaction dataset, the top 10 most frequently purchased products have been identified.
	Sum of Quantity
	 

	ProductName
	Total

	Asstd Design 3d Paper Stickers
	12632

	Rabbit Night Light
	11251

	Popcorn Holder
	11238

	Paper Chain Kit 50'S Christmas
	5496

	Disco Ball Christmas Decoration
	3916

	Wooden Star Christmas Scandinavian
	3676

	Assorted Colour Bird Ornament
	3273

	World War 2 Gliders Asstd Designs
	3113

	Wooden Heart Christmas Scandinavian
	3112

	Vintage Doily Jumbo Bag Red
	2730

	Grand Total
	60437
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The most frequently purchased product is the "Asstd Design 3d Paper Stickers," with a total of 12,632 units sold. These stickers come in assorted designs and are popular for craft and decoration purposes, often bought in bulk for schools, craft shops, or events. Following closely is the "Rabbit Night Light," which sold 11,251 units. This whimsical night light, designed as a rabbit, is popular among parents for children's bedrooms and is a favored gift item.
The third most purchased product is the "Popcorn Holder," with 11,238 units sold. These decorative holders are likely popular for parties, movie nights, and events. The "Paper Chain Kit 50'S Christmas" comes next, with 5,496 units sold. This kit is used for making paper chains with a 1950s Christmas theme, popular for holiday decorations and crafting activities. The "Disco Ball Christmas Decoration," with 3,916 units sold, is a reflective decoration used for festive purposes.
Other notable products include the "Wooden Star Christmas Scandinavian," which sold 3,676 units and is used as a Christmas tree decoration. The "Assorted Colour Bird Ornament," with 3,273 units sold, is popular for home decoration, particularly in spring and summer. The "World War 2 Gliders Asstd Designs" sold 3,113 units and are popular among hobbyists. The "Wooden Heart Christmas Scandinavian," with 3,112 units sold, is used as a Christmas ornament. Lastly, the "Vintage Doily Jumbo Bag Red" sold 2,730 units and is used for packaging gifts and crafts. These top 10 products reflect a strong demand for decorative and craft items, particularly those with a seasonal or festive theme.
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The average number of products per transaction seems to vary based on the transaction. In the case of the customer with customer number 12358:
In the first example, despite a high total quantity (1,620 items), the average is relatively low (2.89). This might suggest many individual line items within a single transaction, each contributing a small number of products.
Conversely, the average of 24 in another transaction suggests that fewer items were purchased but in larger quantities per line item.
This variability could be due to differences in how products are grouped or categorized within the transaction. Large transactions with many different items often show a lower average per item, while fewer, bulk purchases result in a higher average.
When analyzing the number of products purchased in each transaction, returns play a significant role. If a customer returns items from a previous purchase, the quantity for that transaction decreases. This directly lowers the average number of products per transaction (Petersen and Kumar, 2009).
In datasets, returns are often indicated by negative quantities. These negative values reduce the total number of items purchased in a transaction, contributing to a lower average.

[bookmark: _Toc174525939]Profitability Analysis by Country
The dataset presented below, which includes detailed sales revenue information by country, has been meticulously processed using Excel to uncover insights into market profitability. PivotTables were utilized to aggregate and summarize revenue data, enabling a clear view of revenue contributions from each country. Pivot Charts were then created to visually represent these findings, making it easier to identify significant trends and anomalies. 
	Sum of revenue (quantity*price)
	 

	Country
	Total

	Australia
	1386.56

	Austria
	22549.46

	Belgium
	21272.21

	Channel Islands
	1370.63

	Cyprus
	3498.13

	Czech Republic
	-458.82

	Denmark
	4411.08

	EIRE
	75983.59

	Finland
	6754.28

	France
	79464.4

	Germany
	82842.93

	Greece
	1547.87

	Iceland
	10975.14

	Italy
	19186.27

	Japan
	42924.61

	Malta
	1829.3

	Netherlands
	103698.2

	Norway
	47948.12

	Portugal
	14751.05

	Spain
	17107.91

	Sweden
	1443.85

	Switzerland
	9946.49

	United Kingdom
	4160911.51

	USA
	2513.04

	Grand Total
	4733857.81
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The United Kingdom stands out as the dominant market, contributing a remarkable total of £4,160,911.51, which constitutes a significant portion of the overall revenue. Other notable contributors include the Netherlands and Germany, with revenues of £103,698.20 and £82,842.93, respectively. These figures indicate that the business has a strong presence and performs exceptionally well in these regions.
Countries like France and EIRE (Ireland) also show strong performance, generating revenues of £79,464.40 and £75,983.59, respectively. Japan and Norway, with revenues of £42,924.61 and £47,948.12, also contribute notably, reflecting a solid market presence in these areas.
Several countries, including Australia, Channel Islands, and Greece, report relatively low revenue totals of £1,386.56, £1,370.63, and £1,547.87, respectively. The Czech Republic stands out with a negative revenue of -£458.82, which could indicate issues such as high returns or refunds exceeding sales.
The United Kingdom is the largest revenue contributor, suggesting that the business has a robust market presence and strong performance in this region.
While most countries show positive revenue, the negative revenue reported for the Czech Republic warrants further investigation to identify and address potential issues.
Countries with moderate revenue, such as France and Japan, present opportunities for growth. Increased marketing efforts or strategic initiatives could help enhance performance in these regions.
[bookmark: _Toc174525940]Recommendations 
To enhance profitability based on the insights gathered from the sales trends, product returns, and market performance, several strategic actions can be recommended.
Focused Marketing in High-Performing Regions
The data reveals that the United Kingdom, Germany, and the Netherlands are the most profitable markets. To maximize returns from these regions, the business should intensify its marketing efforts. This could involve targeted campaigns tailored to the unique preferences and purchasing behaviors in these areas. By leveraging advanced analytics, the company can refine its product offerings and promotional strategies to align closely with customer demands, thereby increasing sales and profit margins (Kotler & Keller, 2012).
 Expanding in Moderately Profitable Markets
Countries such as France, Ireland, Japan, and Norway, while not leading in revenue, still contribute significantly. These markets represent potential growth areas where the business could increase its footprint. Strategies to achieve this could include enhancing distribution networks, implementing localized marketing initiatives, and exploring partnerships with local businesses. Additionally, introducing product lines that resonate with consumer preferences in these regions, particularly those that performed well during peak sales periods, could further boost revenue (Porter, 2008).
 Addressing Negative Revenue Issues
The negative revenue reported in the Czech Republic indicates a problematic area, likely due to returns or refunds surpassing sales. It's crucial for the business to investigate and rectify the underlying issues. This could involve improving product quality, ensuring that product descriptions are clear and accurate, and enhancing customer service to reduce the likelihood of returns. By addressing these areas, the business can potentially turn this market around and restore it to profitability (Petersen & Kumar, 2009).
Strategic Pricing and Discount Management
The data shows that certain days had high sales volumes but lower revenue, suggesting heavy reliance on discounts or low-priced items. While discounts can drive sales, they can also erode profit margins if not managed carefully. Implementing a dynamic pricing strategy that adjusts based on demand, competition, and other market factors can help optimize pricing, ensuring that discounts boost sales without significantly impacting overall profitability (Nagle & Müller, 2017).
Improving Return Management
Product returns are a critical factor that affects the average number of products sold per transaction and overall revenue. To mitigate the impact of returns, the business could refine its return policies to encourage exchanges over refunds or offer incentives for customers to keep products. Additionally, analysing the reasons behind returns could provide valuable insights that lead to product improvements or better customer communication, ultimately reducing return rates (Rogers, 2019).
Leveraging Seasonal Sales Peaks
The data indicates that there are specific periods where sales, both in terms of quantity and revenue, peak—likely due to seasonal factors such as holidays or special events. To capitalize on these trends, the business should ensure it is fully stocked with popular items during these times and that it is running effective promotional campaigns. Efficient supply chain management during these periods is also crucial to meet demand without incurring unnecessary costs, thus maximizing profitability (Levy & Weitz, 2013).
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[bookmark: _Toc174525942]Introduction 
The objective of this analysis is to explore the relationship between student performance, gender, and their qualification for reduced/free lunch. By analyzing pre-test and post-test scores in conjunction with socioeconomic status, as indicated by lunch qualification, the report aims to identify any significant patterns or disparities in academic achievement. Understanding these relationships will help the school make informed decisions about resource allocation and support programs.
This analysis utilizes data from the Student Score dataset, containing information on 2,133 students. Microsoft Excel and SPSS are the primary tools used for data processing, statistical analysis, and visualization.
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	Gender
	                                                                    Sum of Gender

	1-male 
	1077

	2-female 
	1056

	  
	

	Grand Total
	2133
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The gender distribution among the students is quite balanced, with 1,077 male students and 1,056 female students. This near-equal representation of genders suggests that any analysis comparing performance across genders will be based on a well-balanced dataset.
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	Row Labels
	Count of Lunch

	Does not qualify
	1215

	Experimental
	442

	Non-public
	164

	Public
	278

	Standard
	773

	Non-public
	229

	Public
	544

	Qualifies for reduced/free lunch
	918

	Experimental
	318

	Non-public
	101

	Public
	217

	Standard
	600

	Non-public
	57

	Public
	543

	 
	

	 
	

	 
	

	Grand Total
	2133
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The pie chart illustrates students' lunch qualifications across various school types and teaching methods. The largest segments, each about 25%, represent students in public schools who do not qualify for reduced/free lunch, both in standard and experimental settings. Similarly, students in standard public-school settings who qualify for lunch assistance also constitute around 25%. Smaller segments cover non-public school students, regardless of lunch qualification. This data suggests that socioeconomic diversity is more prominent in public schools, potentially influencing overall student performance.
[bookmark: _Toc174525945]Mean and median scores 
Mean Scores 
	Row Labels
	Count of Lunch
	            Mean of Posttest
	Mean of Pretest

	Does not qualify
	1215
	74.37530864
	62.29218107

	Qualifies for reduced/free lunch
	918
	57.47603486
	45.24618736

	 
	
	
	

	Grand Total
	2133
	67.10220347
	54.95593061
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	Median scores 

Lunch
	                       Pretest 
	                     Post-test

	Qualifies for free lunch
	44
	62

	Does not qualify for free lunch 
	55
	74
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Mean and median score analysis highlights key factors in student performance. Students not qualifying for reduced/free lunch achieve higher mean (74.38) and median scores, showing socioeconomic status' impact. Experimental teaching methods, especially in urban non-public schools, lead to higher scores, emphasizing the importance of teaching quality, resources, and school environment in academic success. These findings align with research on the significance of school resources and teaching quality (Hanushek, 2016).
[bookmark: _Toc174525946]Statistics, K-Means Clustering and Analysis
[bookmark: _Toc174525947]Pretest and Posttest Statistics      
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The pretest scores of the students were analysed to determine the central tendencies and variability within the data.. The range of pretest scores was from 22 to 93, showing a broad spread in initial student performance. These statistics suggest a diverse range of academic abilities among students before the instructional period.
[image: ][image: ]

The posttest scores, measured after the instructional period, showed an improvement in overall student performance. The increase in both the mean and median scores suggests that the instructional period had a positive impact on student performance, with most students showing improvement.
[bookmark: _Toc174525948]K-Means Clustering 
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These are the starting points for the algorithm. The algorithm initially selected two very distinct points in the data.
These points represent the extremes in the dataset, which helps the algorithm find distinct groups of students.
[image: ]
The algorithm iteratively adjusts the cluster centers to minimize the distance between each student and the center of the cluster they belong to.
Over 7 iterations, the algorithm adjusted the cluster centers until the changes were negligible (close to 0), meaning the clusters stabilized. This convergence indicates that the algorithm found a good separation between the two groups of students.
After 7 iterations, the algorithm determined the following cluster centers:

[image: ]
Cluster 1: Represents students with lower overall performance. These students started with lower pretest scores (mean of 43) and ended with lower posttest scores (mean of 55). This group might represent students who are struggling or need additional support.
Cluster 2: Represents students with higher overall performance. These students started with higher pretest scores (mean of 65) and ended with higher posttest scores (mean of 78). This group likely represents students who are performing well academically.
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The distance between the two cluster centers is 32.160.
This distance indicates that the two clusters are well-separated, meaning that the students in each cluster have significantly different score profiles. A large distance between clusters suggests that the clustering is effective in distinguishing between different groups of students.
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The clusters are relatively balanced in size, which is ideal for analysis. It means that there isn’t a significant skew in the number of students in each cluster, allowing for a fair comparison between the two groups.
The clustering analysis has successfully divided the students into two distinct groups based on their academic performance as measured by pretest and posttest scores:
Cluster 1 (Lower Performance Group): This group of 993 students shows lower academic performance, both initially and after the instructional period. Interventions could focus on this group to provide additional support and resources to help them improve.
Cluster 2 (Higher Performance Group): This group of 1,140 students is performing better both before and after instruction. They might benefit from advanced resources to further enhance their learning.
[bookmark: _Toc174525949]SPSS and Excel 
In the analysis of student performance data, both SPSS and Excel are commonly used tools for statistical analysis and data visualization. Each has its advantages and disadvantages depending on the specific needs of the analysis. The following table outlines the key differences between SPSS and Excel across several important criteria, such as statistical capabilities, data handling, usability, cost, automation and data visualization. 
	Criteria 
	SPSS
	Excel

	Statistical Capabilities
	Advanced analysis tools (e.g., regression, ANOVA) ideal for complex data (Smart Vision Europe, 2024).
	Basic statistical functions, suitable for simpler tasks (CallTutors, 2024).

	Data Handling
	Efficiently manages large datasets (CallTutors, 2024).
	Slows down with very large files (Smart Vision Europe, 2024).

	Usability
	Steeper learning curve, requires statistical knowledge (Smart Vision Europe, 2024).
	User-friendly, familiar interface (StatAnalytica, 2024).

	Cost
	Higher cost, often requires a paid license (Smart Vision Europe, 2024).
	More cost-effective, often pre-installed (CallTutors, 2024).

	Automation
	Allows for automation and scripting with SPSS syntax (Smart Vision Europe, 2024).
	Limited to basic macros and VBA scripting (CallTutors, 2024).

	Data Visualization
	Basic visualization, good for statistical graphs (StatAnalytica, 2024).
	Excellent for creating detailed and customizable charts (CallTutors, 2024).
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a. Convergence achieved due to
no or small change in cluster
centers. The maximum
absolute coordinate change for
any center is .000. The current
iteration is 7. The minimum
distance between initial
centers is 95.525.
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