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[bookmark: _Toc165493366]Preprocessing data 
Data cleaning (aka preprocessing) is the process of detecting and correcting (or removing) corrupt or inaccurate records from a dataset, or refers to identifying incorrect, incomplete, irrelevant parts of the data and then modifying, replacing, or deleting the dirty or coarse data (Sangaiah et al., 2018).
[bookmark: _Toc165493367]Preprocessing data in Excel 
[bookmark: _Toc165493368]Advantages of using Microsoft Excel for data pre-processing
User-friendly interface
Excel provides an easy-to-use interface where the data can be easily entered, edited, and visualized data (Juran & Godfrey, 2017).
Basic data cleaning features
Excel facilitates some data cleaning procedures such as sorting, filtering, and removing duplicates, which are the basic steps in pre-processing (Groth, 2016).
Data visualization
Excel provides advanced features for making graphs and charts that help to perform exploratory analysis and data visualization (Few, 2009).
[bookmark: _Toc165493369]Limitations of using Microsoft Excel for data pre-processing
Limited scalability 
Excel has limitations in handling large datasets efficiently, which can lead to performance issues and increased likelihood of errors (Börner et al., 2014).
Lack of advanced analysis tools 
For complicated data pre-processing processes, Excel has only basic statistics functions and lacks advanced analytical capabilities (Merali et al., 2015).
Version control and audit trail
Excel does not offer strong version control functionality with audit trail features, which makes it hard to follow changes and secure the integrity of data (Peng, 2015).
[bookmark: _Toc165493370]Data analysis 
Data analysis is the procedure of examining, cleansing, transforming, and modeling the data with an aim of retrieving the valuable information, making conclusions, and supporting decision-making (Brown and Kudyba, 2014). 
[bookmark: _Toc165493371]Data analysis in Excel 
[bookmark: _Toc165493372]Advantages of using Microsoft Excel for data analysis
Ease of use
The Excel interface is user-friendly that allows individuals with diverse knowledge to perform simple data analyses fast (Groves, 2006).
Built-in functions
This software is featured with an advanced set of built-in mathematical functions for statistic calculations, financial modeling and data visualization that makes it multi-functional and applicable for the variety of analytical tasks (Field, 2013).
Data visualization
Excel's charting features enable the users to come up with convincing visualizations, the interpretation, and the communication of which becomes easy (Tufte, 2001).
Integration with other Microsoft products
Excel smoothly operates with other Microsoft Office applications like PowerPoint and Word, which helps in sharing data and presenting (Johnson, 2014).
Data validation and error checking
Excel offers capabilities for data validation and error checking which are useful in guaranteeing that data is correct and reliable as well (Murrell, 2005).
PivotTables and PivotCharts
Excel’s PivotTables and PivotCharts provide powerful tools for summarizing and analysing complex data sets from where you can easily extract important insights (Kelleher & MacCabe, 2016).
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Limited data handling capacity
Excel performance can be negatively affected in case of large dataset processing that can result in slow response time and computational errors (Baumer et al., 2014).
Lack of advanced analytical capabilities
Excel may be inappropriate for statistical analyses and machine learning tasks that can only be performed using dedicated software and programming languages (Wickham, 2014).
Data integrity and auditability
Without a strong version control and audit trail feature in Excel, data integrity can be brought in doubt, and the correct replications of the analysis cannot be realized (Peng, 2015).
Limited collaboration features
The collaboration capabilities of Excel are quite elementary compared to other tools, leading to difficulties for teams trying to collaborate efficiently during data analysis projects (Chambers & Hastie, 1993).
Scalability issues
As sets of data continue to increase in size and complexity, the scalability of Excel becomes a critical issue that might restrict its effectiveness in dealing with large size datasets (De Veaux et al., 2016).
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The process of presenting complicated information in the form of graphics or visualizations, with the help of static, dynamic, or interactive visual items are known as data visualization and information visualization (Waskom, 2021).
[bookmark: _Toc165493375]Data visualisation in Excel 
[bookmark: _Toc165493376]Advantages of using Microsoft Excel for data visualization
User-friendly interface
Excel features an interface that many are already familiar with, allowing users to create simplistic charts and graphs without the need for complex technical knowledge (Few & Perceptual Edge, 2012).
Built-in chart templates 
Excel has an array of chart templates with built-in customization features that allow for the creation of appealing and informative visualizations by the users with little effort (Kirk, 2016).
Interactivity 
Excel's charting features include basic interactivity, such as zooming, filtering, and sorting, making the user experience better and giving a chance for exploring the data (Shneiderman, 1996).
Integration with other Microsoft products
Excel connects effortlessly to other Office Microsoft suite applications, for example, PowerPoint and Word, easing the process of inserting visualizations into presentations and documents (Rajaraman & Ullman, 2011).
[bookmark: _Toc165493377]Limitations of using Microsoft Excel for data visualization
Scalability issues
Excel can have difficulties handling large datasets and complex visualization, which may bring down the performance and slow response time of the application (Von Landesberger et al., 2011).
Lack of advanced visualization types 
Excel, mostly, concentrates on the traditional chart types, which, unfortunately, may not support the advanced visualization methods, like network graphs and geospatial visualization techniques without additional tools or plugins (Kosara & Mackinlay, 2013).
Data integrity and accuracy 
Inadequate data checking and validation capabilities, which lack in Excel visualization tools, can lead to inaccuracies and unreliability of visual presentations (Kelleher & Wagener, 2011).
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[bookmark: _Toc165493379]Preprocessing ordering data
The following method was used to filter dataset separating the cancelled orders from completed orders in excel.
Step 1: Select the whole quantity column by pressing “Ctrl + Spacebar”.
Step 2: Go to the "Data" tab.
Step 3: Click on "Sort & Filter" and then choose "Number Filters" > "Less Than…"
Step 4: In the popup window, enter "0" in the value field and press OK.
This filtered the data to show only transactions with a quantity less than zero, indicating a cancellation or return.


[bookmark: _Toc165493380]Data analysis
The filtered data was then analysed to find the order cancellation. Several steps were taken:
Step 1: A separate column was created to identify which order were cancelled and which were completed. This column was named as “Order”.
Step 2: This formula was then put in every cell of order “=IF(Quantity Cell<0, "Cancellation", "Completed"). This way the Quantity cells with negative values showed output as “Cancellation whereas the positive values showed “Completed”. 
Step 3: The total number of Cancellations were calculated using the formula “=COUNTIF(B2:B65536, "Cancellation"). This counted the number of times the word cancellation appeared in the Order column.
Step 4: The total number of completed orders were calculated using the formula “=COUNTIF(B2:B65536, "Completed").
Step 5: The total number of orders were calculated by adding completed and cancelled orders. 
Step 6: Order cancellation was calculated using the formula “=Cancelled orders / Total Orders * 100”
The results showed that the total number of cancelled orders were 766. The total number of completed orders were 64769. The total number of orders were 65535. The order cancellation rate was 1.17%. 

[bookmark: _Toc165493381]Visualisation of data
The obtained results were then visualised using Excel’s charting functions. Here are the results: 
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The dataset was used to calculate the total sales for each day in Excel. The data for each day and corresponding total sales were then plotted on a graph as shown. The graph shows that from 17/11/2019 to 27/11/2019, the sales were in an overall downtrend. Sales did fluctuate in between this period on 21/11/2019 but the overall trend remained to the downside. Then, from 28/11/2019 to 4/14/2019, sales stabilised. After 4/12/2019, sales broken into an uptrend. Sales went up abnormally in from 8/12/2019 to 9/12/2019. This could have been due to Christmas. This also relates to the most purchased products (products discussed below). As Christmas came, sales skyrocketed. But this only a seasonal trend and does not show true growth in sales.    

[bookmark: _Toc165493384]Most purchased product
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The results show that the top 5 most frequently sold products are Rabbit Night Light, Paper Chain Kit 50’S Christmas, Hot Water Bottle Keep Calm, Paper Chain Kit Vintage Christmas, and Jumbo Bag 50’S Christmas. The Rabbit Night Light was the most frequently purchased with a frequency of 369. Paper Chain Kit 50’S Christmas was the second most popular with a purchasing frequency of 328. Purchase frequency for Hot Water Bottle, Paper Chain Kit and Jumbo Bag were 243, 234 and 215 respectively. The results show the popularity of products based on purchase frequency. The results will help the business in identifying which products are not selling well. This, in turn, will allow them to improve these products leading to more profitability.  

[bookmark: _Toc165493385]Number of products purchased per customer 
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Most customers purchased less than 200 products per transaction. This can be seen on the graph as clusters below 200. The C-category customers purchase the least number of products per transaction in comparison to the rest of the customers. This is shown at the end of the graph as negligible clusters below 50. A few of the customers purchase very large number of products per transaction. This is shown on the graph as spikes. These spikes reach up to 600-700. This data clearly shows which customers are valuable to the business. Although, the customers who purchase around 600-700 products per transaction are less, but they are more valuable to the business than regular customers. Priority should be given to catering the needs of these customers to maintain long-term relationship with them. The second priority should be given to regular customers and last one to C-category customers. 
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Although profitability is calculated by revenue – costs, it is assumed here that the most profitable customer segments are the ones with the largest revenue. Revenue in the dataset was calculated by multiplying the quantity per order with the price of order. Then, a pivot table was created in Excel. The “Revenue” column was inserted into the values field of pivot table and “CustomerNo” was inserted into the rows field. The sum function was selected in the pivot table settings. This gave the total revenue per customer segment. The results show that the customer segment No: 16446 had the largest total revenue at 501359. The second most profitable customer segment was No: 14646 with total revenue at 100097. The rest of the 8 segments are shown in the graph above. 
[bookmark: _Toc165493387]Recommendations 
Sales strategy and seasonal trends
Based on the analysis, the company experiences significant seasonal fluctuations, particularly around the Christmas period. While this period sees a surge in sales, it is essential to strategize for sustained growth beyond these seasonal peaks. One strategy could involve implementing targeted marketing campaigns during off-peak seasons to stimulate demand and maintain customer engagement (Chen et al., 2019). Moreover, introducing new product lines or enhancing existing ones could help diversify sales channels and reduce reliance on seasonal trends (Kotler et al., 2015).
Product portfolio optimization
According to the findings, the Rabbit Night Light and some Christmas items sold the best. Although their contribution is enormous, there is a necessity to carry out an assessment and optimization of the entire product line. Implementing a product lifecycle analysis can reveal the products which are not performing well and help in making the informed decision about whether to discontinue them or redesign them (Cooper, 2019). Furthermore, customer feedback should be continually gathered in order to identify the customers’ preferred products and enhance product quality in general (Anderson, 2016).
Customer segmentation and relationship management
The data identifies distinct customer groups with different purchase behaviours. Given a recommendation the most valuable customers are those who make large-volume purchases, which have a direct impact on sales. (Kotler & Armstrong, 2018). Through the help of a customer relationship management (CRM) system, the company can proceed to individualize interactions with these customers, elevating loyalty as well as promoting repeat purchases (Peppers & Rogers, 2016). Loyalty programs and personalized discounts are crucial for keeping the existing customers on board (Reichheld, 2003).
Operational efficiency and cost management
Finally, it is mandatory to concentrate on operational efficiency and cost management to improve profitability. Adopting lean management may be a way to improve the flow of operations, reduce wastage, and increase the overall productivity (Womack & Jones, 2003). Furthermore, the cost-benefit analysis for each product will provide in optimal pricing strategy and appropriate revenue maximizing (Kaplan & Atkinson, 2015).
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	Gender

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	1
	1056
	24.8
	49.5
	49.5

	
	2
	1077
	25.2
	50.5
	100.0

	
	Total
	2133
	50.0
	100.0
	



Male was assigned as 1 and Female was assigned as 2. The gender distribution among the 2133 participants is as follows: 49.5% (n = 1056) identified as male, and 50.5% (n = 1077) identified as female.
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	Lunch

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	0
	1215
	28.5
	57.0
	57.0

	
	1
	918
	21.5
	43.0
	100.0

	
	Total
	2133
	50.0
	100.0
	



0 was assigned to the students who did not qualify for free lunch and 1 was assigned to the students who qualified for free lunch. 57% (n = 1215) of students did not qualify for free lunch and 43% (n = 918) qualified for free lunch out of the sample (n = 2133). 
[bookmark: _Toc165493391]Mean and median of lunch qualification 
Mean and median are measures of central tendency that are applicable to continuous data, while frequency distributions are more appropriate for categorical data. Lunch Qualification is categorical data, therefore, the mean and median cannot be calculated. 
[bookmark: _Toc165493392]K-Means clustering 
The following steps were taken to perform K-Means Clustering with variables “pretest” and “posttest”.
Step 1: First variables were standardised by through descriptive statistics function. This gave the Z-scores for both variables.  
Step 2: For the sake of simplicity, number of clusters were kept at default as 2. 
Step 3: Maximum iterations were set as 99 to ensure the algorithm completes. 
Step 4: K-Means clustering was then carried out using the Z-score variables of pretest and posttest.







The results are given below:
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	Initial Cluster Centers

	
	Cluster

	
	1
	2

	Zscore(Pretest)
	-2.35609
	2.80497

	Zscore(Posttest)
	-2.29518
	2.35206





	Iteration Historya

	Iteration
	Change in Cluster Centers

	
	1
	2

	1
	2.200
	2.443

	2
	.071
	.063

	3
	.037
	.033

	4
	.022
	.019

	5
	.014
	.012

	6
	.013
	.011

	7
	.000
	.000

	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 6.945.
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	Final Cluster Centers

	
	Cluster

	
	1
	2

	Zscore(Pretest)
	-.87764
	.76447

	Zscore(Posttest)
	-.88650
	.77219



Plotting the final clusters onto a bar chart shows the results. It can be seen that in cluster 1, as the pretest score decreases, the post test score decreases. Similarly, in cluster 2, as the pretest score increases the post-test score increases as well. This means that the pretest and post-test scores exhibit a positive relationship with each other. Pretest score can be used as an indicator to post-test score. 
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	ANOVA

	
	Cluster
	Error
	F
	Sig.

	
	Mean Square
	df
	Mean Square
	df
	
	

	Zscore(Pretest)
	1431.104
	1
	.329
	2131
	4351.122
	.000

	Zscore(Posttest)
	1460.133
	1
	.315
	2131
	4631.188
	.000

	The F tests should be used only for descriptive purposes because the clusters have been chosen to maximize the differences among cases in different clusters. The observed significance levels are not corrected for this and thus cannot be interpreted as tests of the hypothesis that the cluster means are equal.



The Sig. values for both pretest and post-test are below 0.001. This shows that the results are statistically significant, and the pretest had a statistically significant impact on post-test. 

	Number of Cases in each Cluster

	Cluster
	1
	993.000

	
	2
	1140.000

	Valid
	2133.000

	Missing
	2133.000



This table shows the number of cases in each cluster. Out of the total cases (n = 2133), Cluster 1 included (n = 933) and cluster 2 included (n = 1140). 
[bookmark: _Toc165493396]
Advantages and disadvantages of using SPSS
[bookmark: _Toc165493397]Advantages
User-friendly interface 
SPSS (Statistical Package for the Social Sciences) offers an intuitive and user-friendly interface, making it accessible to users with varying levels of statistical expertise (Field, 2018).
Comprehensive statistical analysis
SPSS provides numerous statistical test options and various complex analytical instruments allowing researchers to conduct complicated analyses rather easily (Pallant, 2016).
Data visualization
The software includes data visualization ability which enables users to generate simple yet very understandable graphs, charts and tables (Everitt & Hothorn, 2011).
Data management
SPSS employs data management tools such as data cleansing (data scrubbing), data transformation, and data manipulation to improve the efficiency of the data preparation process (Cox & Oakes, 2018).
Integration with Other Tools
SPSS enables integration with other data analysis tools and software via interface, and this improves its adaptability and compatibility (Field, 2018).
[bookmark: _Toc165493398]Disadvantages
Cost
SPSS is a paid software which means that a researcher or organization should first buy a license to be able to utilize it. The commercial aspect of it means it is less available to researchers with limited budgets and organizations (Bryman, 2016).
Limited customization
SPSS provides a wider range of statistical procedures but with limited customization options in comparison with the open-source tools e.g., R or Python (Baayen et al., 2019).
Resource Intensive
Conducting SPSS complex analyses is resource consuming and thus a powerful computer is needed to handle the large datasets without difficulties (Pallant, 2016).
Proprietary format
Data saved in SPSS format (.sav) can only be opened and worked with in SPSS. This makes the data permanent in the SPSS environment and therefore cannot be shared with collaborators who use different software (Everitt & Hothorn, 2011).
Less flexibility for advanced analysis
Although SPSS is ideal for basic to intermediate level statical analyses, it may not have the required level of flexibility and advanced functionalities to complete excellent research methods and techniques (Cox & Oakes, 2018).
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	Criteria
	SPSS
	Excel

	Purpose
	Specialized statistical analysis software
	General-purpose spreadsheet software

	User Interface
	Designed for statistical analysis with a focus on functionality
	User-friendly interface primarily for data entry and basic analysis

	Statistical Tools
	Extensive range of statistical tests and analytical tools
	Limited statistical functions; basic data analysis tools

	Data Visualization
	Advanced data visualization capabilities
	Basic charting and graphing features

	Data Management
	Robust data cleaning, transformation, and manipulation tools
	Basic data manipulation features

	Customization
	Limited customization options
	Highly customizable with scripting capabilities

	Cost
	Commercial software with licensing fees
	Included in Microsoft Office suite; no additional cost

	Performance
	Resource-intensive for complex analyses
	Efficient for handling large datasets; less resource-intensive

	Portability
	Data saved in proprietary format (.sav)
	Data saved in widely accessible formats (e.g., .xlsx)

	Collaboration
	Limited sharing options outside of SPSS environment
	Easy sharing and collaboration features

	Learning Curve
	Steeper learning curve due to specialized features
	Easier learning curve due to familiarity and simplicity
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