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1.0. [bookmark: _Toc8395587]
Data Set Description
This section of the report will be an overall description of the dataset; it will explain where the data came from, the main attributes and fields of the dataset along with the number of records and information on each calculated column in the dataset. 
1.1. [bookmark: _Toc8395588]Where Did the Data Come From?
The data was obtained from the UCI Machine Learning Repository website; the link is as follows. https://archive.ics.uci.edu/ml/datasets/online+retail#. The data was originally downloaded from the website on the 11/11/2018. The initial source for the data is “Dr Daqing Chen, Director: Public Analytics group. chend '@' lsbu.ac.uk, School of Engineering, London South Bank University, London SE1 0AA, UK.” [1] . When downloaded, the dataset was called ‘Online Retail.xlsx’ the file format was xlsx and the size 22MB. 
1.2. [bookmark: _Toc8395589]What are the Characterises of the Dataset? In Addition, How Many Files make it up.
The original data set characteristics states on the UCI website were “Multivariate, Sequential, and Time-Series” [1] and that the attributes within the dataset were Integer and real. There is only one file within the dataset, the data is held on one sheet. 
1.3. [bookmark: _Toc8395590]What Type of Data is in Each Attribute?
The table below shows each attribute within the database along with its data type and an example of each piece of data within the attribute. It shows that even though on the UCI website that the data was integer, the majority is in fact string. 
	Attribute Name
	Data Type
	Examples

	InvoiceNo
	String
	536365

	StockCode
	String
	85123A

	Description
	String
	WHITE HANGING HEART T-LIGHT HOLDER

	Quantity
	Integer
	6

	InvoiceDate
	String
	01/12/2010 08:26

	UnitPrice
	Integer
	2.55

	CustomerID
	Integer
	17850

	Country
	String
	United Kingdom



1.4. [bookmark: _Toc8395591]How Many Records are there? 
There are 541,909 records within the dataset, all dating between the 01/12/2010 to the 09/12/2011. Within this, there is a total number of 25,900 transactions. 


1.5. [bookmark: _Toc8395592]Attribute Details Including Mean and Mode Values
The table below shows the calculations performed on the data to get a better indication of the content of the dataset. 
	Field Name
	Calculations
	How?

	InvoiceNo
	25,900 Transactions
	Copying the invoice number data into a separate table and removing the duplicate values. Using the Count formula to count the cells with values.

	StockCode
	3958 Different Stock Codes
	Copying the Stock Code’s data into a separate table and removing the duplicate values. Using the Count formula to count the cells with values.

	Description
	3958 Different Descriptions
	Same amount as the stock codes.

	Quantity
	Sum of the Quantity Sold = 5,660,981
Standard Deviation of Sales = 156.8
Sum of Quantity Returned = -485,531
Percentage Returned = 8.6%
	Separated the minus and plus values within the quantity cells. Sum formula used for the positive figured and a sum on the negative figures. Used the S.DEV formula for the sold items and worked out the percentage returned against the sum sold. 

	UnitPrice
	Average Unit price = 4.6
Unit Price Mode = 1.25
	Average Formula and Mode Formula

	CustomerID
	Total Number of Customers = 4,372
	Copying the Customer ID’s data into a separate table and removing the duplicate values. Using the Count formula to count the cells with values.

	Country
	Total of 38 countries but only 37 named countries being sold to.
Country's figures show the vast majority of sales were in the United Kingdom, 495,478.
Outside of the UK, 46,431. Only 9.4%.
	Copying the Countries data into a separate table and removing the duplicate values. Using the Count formula to count the cells with values. Then separated the UK data to work out the percentage sales that were outside the UK.  



1.6. [bookmark: _Toc8395593]Why Was This Dataset Chosen?
This dataset was chosen because it is a large dataset, which enough records to analyse and gather data. Having a large dataset makes it easier to identify patterns within the data such as seasonal trends. The data within the dataset also relates to the previous experiences of the researcher. 


2.0. [bookmark: _Toc8395594]Primary and secondary data pre-processing
This section will describe the Pre-processing sequences for the data, the cleaning and the changing of the data to make it easier to be handled.
2.1. [bookmark: _Toc8395595]Is there Attributes Mostly Empty? In addition, how were The Empty Values Handled?
After looking over the dataset in detail, it was found that a number of fields in the Customer Id field were incomplete. As the data set has 541,909 records, it is a very large dataset, as some of the data needs cleaning, there is a total of 135,080 rows with empty cells in, leaving 406,829 to be analysed, this will still be enough to work with.
2.2. [bookmark: _Toc8395596]Are there any Attributes Deleted?
None of the attributes was deleted from the original file downloaded as there were only eight attributes to begin with, and they could all be worked with. 
2.3. [bookmark: _Are_there_any][bookmark: _Toc8395597]Are There Any Attributes Where The Datatype Was Converted?
The Date and Time attribute from the original file download was set to custom on Excel. Once the cell was split into one attribute called Date and one attribute called time, there attribute types were changed to date and time.
2.4. [bookmark: _Toc8395598]Are There Any Attributes That Have Had Calculations Performed On Them? If So Then Why, And What Were The Calculations?
Calculations were preformed to create new attributes within the dataset, to make it easier to analyse certain elements of the data. The calculations used can be seen in section 2.5. Once the calculations were performed and outcomes were generated, each column for the calculated attributes was copied and pasted with only contents so that it could be added into WEKA. 


2.5. [bookmark: _Are_There_Any_1][bookmark: _Toc8395599]Are There Any Attributes That You Have Added? If So, Why?
The table below states the new attributes name, along with why it was required and the necessary formula used to generate the new data. These Attributes were all created in order to get the necessary information out of the data. 
	Attribute
	Why it was required?

	Invoice Date
	The original invoice date included the time in the same cell, the cell was split therefore a new Invoice Date was Created.

	Invoice Time
	The original invoice time was placed inside the same cell of the Invoice Date, the cell was split therefore a new Invoice Time Field was Created.

	Invoice Day 
	The invoice Day Field was created to easier identify the day the order was created. This was calculated using the date field and transferring it to the day of the week in text form. 

=TEXT(E3,"dddd")

	Invoice Month 
	The invoice Day Month was created to easier identify the month the order was created. This was calculated using the date field and transferring it to the month in text form. 

=TEXT(E3,"mmmm")

	Morning/Evening – AM/PM
	The Morning/ Evening field was created to identify if the order was created during the AM or during the PM. It was calculated using a formula linked with the invoice time field.

=TEXT(F2, "AM/PM")

	Part of Day
	The part of day field was then created to allow for the following calculations all to be placed into one cell for each order. 
It added all the values form the morning, afternoon, evening and overnight attributes and transferred them into the one attribute. Later the following attributes were deleted. 

=G2&H2&I2&J2

	Part of Day
	Morning
	To calculate whether the time of the invoice was Morning, an IF formula was used to see if the time of the order was between 06:00:00 and 11:59:59.

=IF(AND(F2>=MIN("06:00:00"),F2<=MAX("11:59:59")),"Morning","")

	
	Afternoon
	To calculate whether the time of the invoice was Afternoon, an IF formula was used to see if the time of the order was between 12:00:00 and 17:59:59.

=IF(AND(F2>=MIN("12:00:00"),F2<=MAX("17:59:59")),"Afternoon","")

	
	Evening
	To calculate whether the time of the invoice was Evening, an IF formula was used to see if the time of the order was between 18:00:00 and 22:59:59.

=IF(AND(F2>=MIN("18:00:00"),F2<=MAX("22:59:59")),"Evening","")

	
	Overnight
	To calculate whether the time of the invoice was overnight, an IF formula was used to see if the time of the order was between 23:00:00 and 06:00:00. 

=IF(AND(H2>=MIN("23:00:00"),H2<=MAX("06:00:00")),"Overnight","")


2.6. [bookmark: _Were_There_Any][bookmark: _Toc8395600]Were There Any Issues Putting the Data into WEKA, and how were they overcome?
After it was believed that the data was ready to be inserted to WEKA, it was found that WEKA did not agree with the format of the attributes that were set as string. In this case, all the string values had to have inverted commas on to show that it was a string of text. This was done using a formula on excel; the formula was:
=“’”&A2&“’”  
Once this was completed, the data was attempted to be added into W	EKA again, this attempt showed it did not agree with any apostrophes within the data as it was getting confused where the string ended. There was also a case where it didn’t agree with the ‘+’ sign, this was then replaced with ‘AND’. WEKA stated which line the issues were on, making it easier to identify and correct. Once finding the relevant data, the replace function was used on ‘Notepad++’ to automatically change data. This function was used multiple times before the data was accepted into WEKA. Examples can be found below.
[image: ]
[bookmark: _Toc8395549]Figure 1- Error on adding data to WEKA
[image: ]
[bookmark: _Toc8395550]Figure 2- Changing U'RE to URE
[image: ]
[bookmark: _Toc8395551]Figure 3- Changing 0'S TO 0S
[image: ]
[bookmark: _Toc8395552]Figure 4- Changing + to AND
2.7. [bookmark: _Toc8395601]The ARFF Header
The following image is taking from the data set ARFF file on notepad++. It shows the attributes and the datatype for each. 
[image: ]
[bookmark: _Toc8395553]Figure 5- The ARFF Header


3.0. [bookmark: _Toc8395602]Data Visualisation
Data Visualisation will be used on the data to help identify trends and patterns within the data. This will be down using two different software packages, including WEKA and Tableau. “Data visualization is the graphical representation of information and data. By using visual elements like charts, graphs, and maps, data visualization tools provide an accessible way to see and understand trends, outliers, and patterns in data.” [2]
3.1. [bookmark: _Toc8395603]Tableau
3.1.1. [bookmark: _Toc8395604]Number of Records by Country
This visual representation using Tableau has been created to show the sales data for all countries except the United Kingdom, as it is already known that the vast majority of orders were completed from there. By using this visualisation for this data, it is clear that the next highest sales came from, Germany, France and EIRE (Ireland). As the number of records for each country other than Germany, France and ERIE are considerably lower, it is hard to identify the next largest sellers through colour, and therefore text has been used to state the number of records from each country on top as another form of identification. 
[image: ]
[bookmark: _Toc8395554]Figure 6 - Tableau - Number of Records by Country


3.2. [bookmark: _Toc8395605]WEKA
3.2.1. [bookmark: _Toc8395606]Initial Visualisation 
This is the initial visualisation of all the attributed within the dataset. The following attributes did not give any visual representation due to them being strings: 
· InvoiceNo
· StockCode
· Description
· Invoice_Day
· Invoice_Month
· Morning/Evening
· Part_Of_Day
· Country
This means that the data needs to be further pre-processed in order to go forward before mining the data. 
[image: ]
[bookmark: _Toc8395555]Figure 7 - WEKA Initial Visualisation


3.2.1.1. [bookmark: _Pre-Processing_the_Data]Pre-Processing the Data – Second Attempt
To Pre-process the data once more, the Arff file was edited to allow the following attributes to be visualised within WEKA, 
· Invoice_Day
· Invoice_Month
· Morning/Evening
· Part_Of_Day
· Country
This was done by removing the attribute type (STRING) and replacing it with the values within the attribute, for example, on the “Invoice_Day” attribute, STRING was replaced with the words “Monday”, “Tuesday”, “Wednesday” etc. 
[image: ]When pre-processing the data for the Country attribute, as there were multiple values, which had spaces between them for example “United Kingdom”, WEKA did not agree with this and therefore all spaces had to be removed and underscores were used as a replacement e.g. “United_Kingdom”. Find and replace was used to automatically identify and change within the data file. [bookmark: _Toc8395556]Figure 8 - ARFF Header New





3.2.2. [bookmark: _Toc8395607]Visualisation – Second Attempt
This is the second attempt of visualising all of the attributes. The majority of the attributes now ca n be visualised however, Invoice No, Stock Code and Description could not be visualised, as there are too many possible values.  From this visualisation, patterns can be identified within the data to make assumptions amount meanings behind the data. Some of the attributes have patterns that are discussed below.
[image: ]
[bookmark: _Toc8395557]Figure 9- WEKA Second Attempt
Invoice Number- No visualisation
Stock Code - No visualisation
Description – No visualisation
Quantity – from the quantity visualisation, it is difficult to recognise any patterns from this as the data is small compared to the larger scale. 
[image: ]
[bookmark: _Toc8395558]Figure 10- WEKA Second Attempt
Invoice Date – from this initial visualisation, it is difficult to recognise any patterns.
Invoice Day – it is clear from the visualisation of this attribute that there were no invoices dated on any Saturday during the trading period, and the majority of invoices were on the Thursday. 
Invoice Month – from the attribute it is clear the later in the year there is more invoices, therefore more orders take place. During November, and the two months leading to it, is a significant increase of sales, then a sudden drop during December and again into January. 
Invoice Time - from this initial visualisation, it is difficult to recognise any patterns.
[image: ]
[bookmark: _Toc8395559]Figure 11- WEKA Second Attempt
Morning/Evening – this attribute actually refers to whether or not the invoice time is during the AM, or during the PM. From the visualisation is easy to identify that there is more invoices during the PM therefore more orders placed at that time of day. 
Part of day – this attribute clearly shows that the majority of orders have been placed during the afternoon; it is nearly double, what is placed during the morning. There is a very low number of orders placed during the evening and none was placed overnight. 
Unit Price – The Unit Price graph is too small to make any assumptions. 
Customer ID – As the customer’s ID does not represent figures from purchases, quantities or other measureable data, this graph does not represent anything calculable.
[image: ]
[bookmark: _Toc8395560]Figure 12- WEKA Second Attempt
Country – it is clear from the representation that the majority of the orders were placed from the United Kingdom. It is difficult to identify any other patterns within the attribute, as the bars are so low on the chart. 
4.0. [bookmark: _Toc8395608]Data Analysis
This section will describe the steps taken when analysing the data in order to find a result. 
4.1. [bookmark: _Toc8395609]Data Mining Techniques which will be used
The data mining technique that will be used is to look at classification and association, possibly looking into clustering depending on the data when entered to WEKA.
4.1.1. Classification 
Classification of data is defined, as “Classification is a data mining function that assigns items in a collection to target categories or classes. The goal of classification is to predict the target class for each case in the data. For example, a classification model could be used to identify loan applicants as low, medium, or high credit risks.” [3]
4.1.2. Association
Association will be used to generate a market basket analysis and identify patterns within the data. For example, which items are being purchased often together? “Association analysis is all about uncovering data relationships and using this asset to gain competitive advantage. It is a means to discover relationships in large data sets.
· Hidden data relationships will be expressed as a collection of association rules and frequent item sets with association analysis.
· While association rules suggest a strong relationship that exists between two items, frequent items are a collection of items that frequently occur together.” [4]

4.1.3.  Clustering 
Clustering can be defined as “Clustering is the task of dividing the population or data points into a number of groups such that data points in the same groups are more similar to other data points in the same group than those in other groups. In simple words, the aim is to segregate groups with similar traits and assign them into clusters.” [5]

4.2. [bookmark: _Toc8395610]Research Questions
These research questions have been chosen to identify different patterns and trends within the data. This section will state the different data mining techniques that will be used for each question, along with any more pre-processing which needs to be completed in order to get an answer for any of the questions. It will explain the analysis process and the results given by the analysis of the data. 
4.2.1. [bookmark: _Toc8395611]Q1: Can you predict what time of day certain items will sell best? 
4.2.1.1. What data mining technique has been used?
Classification will be used to create a prediction. 
4.2.1.2. Further Pre-Processing of the Data
After the data was inserted into Weka, during the prepossessing stage, all attributes except from stock code and Morning/Evening were removed. 
[image: ]
[bookmark: _Toc8395561]Figure 13- Q1 Pre-Process
4.2.1.3. Analysis Process
After using the Native Bayes Multinomial Text classifier, a prediction can be made to see the main time of day orders are being made.
[image: ]
[bookmark: _Toc8395562]Figure 14- Q1 Classify 1
[image: ]
[bookmark: _Toc8395563]Figure 15- Q1 Classify 2


4.2.1.4. The Results Model 
The results have created a Margin Curve model to display.
[image: ]
[bookmark: _Toc8395564]Figure 16- Q1 Margin Curve
4.2.1.5. The Results
From the test, it has been predicted that the PM will be where the majority of sales will occur. By using the stock code against the results within the columns, you can identify the product and then compare the AM and PM columns to answer the question. 
4.2.1.6. Discussion of the Results
The result have proven the best time of sales for the business is the PM, however it is difficult to identify when certain items will see better due to the fact the stock code was used and not the product description. The results are unable to be stored to identify the most often or least products sold in either the AM or PM.  
Q1: Can you predict what time of day certain items will sell best? 
	Yes, however easier if the product is known and then compared with the results. 	
Overall Time of Day – PM
	

4.2.2. [bookmark: _Toc8395612]Q2: Are there associations with the months and countries to see when a county is more often ordering? 
4.2.2.1. What data mining technique has been used?
Association analysis has been used to prove the highest selling months for the countries. 
4.2.2.2. Further Pre-Processing of the Data
During the pre-processing stage within WEKA, all attributes except for Invoice Month and Country were removed. These two attributes were converted to nominal data types so they could be used with the Apriori association algorithm. 
[image: ]
[bookmark: _Toc8395565]Figure 17- Q2 Pre-Process 1
[image: ]
[bookmark: _Toc8395566]Figure 18 - Q2 Pre-Process 1

4.2.2.3. Analysis process 
The Association analyse tool was used to get a result from the Invoice month and country, to identify the rules that could be found from the data. The Apriori associate algorithm has been used to perform the tests.  
[image: ]
[bookmark: _Toc8395567]Figure 19- Q2 Associate
4.2.2.4. The Results
The results from the association test showed that the month that has the majority of orders is November, and the country is the United Kingdom.
[image: ]
[bookmark: _Toc8395568]Figure 20- Q2 Result
4.2.2.5. Discussion of the Results
Unfortunately, as the dataset was largely based around the United Kingdom, the test was unable to identify any further patterns within the data. If the test were to be completed again, the data set would be edited to remove the details of the United Kingdom in an attempt to identify further rules within the data. 
Q2: Are there associations with the months and countries to see when a county is more often ordering? 
	November and the United Kingdom 


4.2.3. [bookmark: _Toc8395613]Q3: What combinations of items have been sold together?
4.2.3.1. What data mining technique has been used?
Association Analysis will be used to attempt a market basket analysis, identifying any items that are frequently sold together. 
4.2.3.2. Further Pre-Processing of the Data
In order to complete a market basket analysis, all attributes included should be nominal. The chosen attributes include, Invoice Number (string) and Stock Code (string). These attributes were converted to nominal using the filter tool. Stock Code changed, however Invoice number did not, therefore could not be analysed using the Apriori association tool.  Invoice Number (string) & Description (string) was another combination of attributes that was attempted, in this case, again the invoice number would not change, but the Description would. Another combination of attributes was attempted, Description (string) and Quantity (Numerical) It was then attempted to only use the description attribute, convert it from string to nominal, in this case the filter tool worked as can be seen below.
4.2.3.3. Analysis Process
The following screenshots are evidence that the association analysis did not work using the attributes within the dataset.
Invoice Number (string) and Stock Code (string) to Nominal
[image: ][image: ]
[bookmark: _Toc8395569]Figure 21- Q3 Invoice Number (string) and Stock Code (string) to nominal

[image: ][image: ]
[bookmark: _Toc8395570]Figure 22- Q3 Invoice to nominal failure, Stock code to nominal successful



Invoice Number (string) & Description (string) to Nominal 
[image: ]
[bookmark: _Toc8395571]Figure 23- Q3 Invoice Number (string) & Description (string) to nominal

[image: ][image: ]
[bookmark: _Toc8395572]Figure 24- Q3 Invoice Number to nominal Failure & Description to nominal Success





Description (string) and Quantity (numeric) to nominal
[image: ][image: ][image: ]
[bookmark: _Toc8395573]Figure 25-Q3 Description (string) & Quantity to nominal Failure
 

Description (string) to nominal

[image: ]
[bookmark: _Toc8395574]Figure 26- Q3 Description string to nominal
[image: ]
[bookmark: _Toc8395575]Figure 27- Q3 Association Description Failure

4.2.3.4. The Results
As the data was unable to be analysed within the association analysis tool, no result could be determined. 

Q3: What combinations of items have been sold together?
This could not be determined. 


4.2.4. [bookmark: _Toc8395614]Q4: What Is the Highest and Lowest Selling Months within the UK? 
4.2.4.1. Further Pre-Processing of the Data
There was no additional pre-processing of the data needed for this research question.
4.2.4.2. Analysis Process
As the main amount of sales were within the United Kingdom, it has been used for this question. When in tableau, the Countries have been added, filtering only to see the United Kingdom. The invoice data was added; changing it to look at each month, the sum of the number of records has been added and is shown by colour and label. 
4.2.4.3. The Results Model 
 [bookmark: _Toc8395576]Figure 28 - January
Figure 14 - February
[bookmark: _Toc8395577]Figure 29 - April
Figure 15 - March
[bookmark: _Toc8395578]Figure 30 - June
[bookmark: _Toc8395579]Figure 31- May
[bookmark: _Toc8395580]Figure 32- July
[bookmark: _Toc8395581]Figure 33 - August




[bookmark: _Toc8395582]Figure 34- October
[bookmark: _Toc8395583]Figure 35- September
[bookmark: _Toc8395584]Figure 36- November
[bookmark: _Toc8395585]Figure 37 - December

4.2.4.4. The Results
January and February were the lowest selling months within the United Kingdom; this can be seen straight away as the colour indicator is being used. It is clear that November is the highest selling month within the United Kingdom as there it has the majority of the records within that month. 
[bookmark: _Toc8395586]Figure 38- Q4 Results

4.2.4.5. Discussion of the Results
Knowing the majority of sales were within the United Kingdom, the analysis has been completed to prove what month was the highest selling and what month was the lowest. November was the highest month for sales with over 15,000 records more than the second highest selling month. This could be due to the time of year being close to Christmas and sales increasing as customers are purchasing presents for friends and family. When analysing January, which was expected to be a high month for sales, it turned to be the second lowest, and with just over 600 more records than the lowest sales month, February. It was expect that January would be higher due to after Christmas sales, however, after revising the typed of items this business sells, they might not be a business to have big sales after Christmas and during the New Year. This Result also backs up Question 2, as the same answer has been generated by using two different techniques using two different software programmes.   

Q4: What Is the Highest Selling and Lowest Selling Months within the UK?
	Highest Selling – November
	Lowest Selling – February


5.0. [bookmark: _Toc8395615]Reflection
This section will reflect on the investigation, discussing the Difficulties, any surprising data and any changes that will be made if a future analysis of data will be completed. 
5.1. [bookmark: _Toc8395616]Difficulties during the Data Analysis 
As there is a high amount of records from the United Kingdom, it has been difficult to make sense of data from other countries. For example, when using the association analysis, the only country that any rules were associating with was the United Kingdom.
When attempting to answer question 2 (What combinations of items have been sold together?), the attributes within the data that were needed to use to complete the evaluation, did not work with the Apriori association algorithm. Therefore no results were given. 
5.2. [bookmark: _Toc8395617]Surprising Data
When analysing the months with the highest sales data, it was surprising to see January was the second lowest. Considering many businesses tend to have after Christmas sales, the number of records for this month was surprisingly low.
5.3. [bookmark: _Toc8395618]Changes for a Further Analysis in the Future
As the dataset was largely based on the United Kingdom, it was difficult to identify the other countries and patterns within the data revolving around them. If the testing was to be completed again on this dataset, a filter for the United Kingdom’s details to be removed from the data. This will make the data more able when studying the other countries that are being sold to, will show the majority of sales that are coming from beyond the United Kingdom.
When using sales data, attempt to possess data that has been collected for more than one year. Try to possess a dataset over 3 years to allow accurate predictions for the future sales within the business by using WEKA.  

Issues found during the pre-processing section of the report can be found in Were There Any Issues Putting the Data into WEKA, and how were they overcome? As well as Pre-Processing the Data – Second Attempt.
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