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1. Introduction 

The amount of data flow grows more rapidly than organisations’ capabilities to use it. Successful enterprises use the abundance of data effectively to make better predictions, decisions and strategies pursuing competitive advantage. Moreover, the art of extracting useful information from large amount of data- data mining, include powerful analytics, mathematical and statistical capabilities that aim at planning support and informed decision making. Despite being associated mainly with marketing in a way to help understand consumer behaviour and demand, data mining has also considerable benefits for other business areas. Designers and engineers can analyse the effectiveness of product changes and discover causes for success or failure based on when, how and where the product was used. Maintenance operations can better plan staffing, and parts inventory and professional service companies can identify new opportunities through data mining from changing economics to demographic shifts. The purpose of this report is to provide a critical evaluation of data mining and demonstrate essential principles and concepts using predictive software.

Part 1

1.1 Pre-processing data 

Noisy, inconsistent, and incomplete data are common for large databases and data warehouses as there are a few reasons to occur. It could be that values of interest may not be available such as customer information or sales transaction data. Data may not be included if considered unimportant at the time or not recorded due to misunderstanding or equipment malfunctions. Moreover, data could be missing, overlooked or deleted. (Han and Kamber, 2006, p.48)
As low-quality data leads to low quality mining results, so it is essential for it to be prepossessed to improve the quality and efficiency of the mining process. 
There are a few methods for data pre-processing:
· Data cleaning- starts from discrepancies detection such as “30/08/2022” and “2022/08/30. Descriptive data summarisation is useful in identifying anomalies as it investigates the properties of data, type, range, and acceptable values for each attribute in order to identify noise and outliers. To “clean” data means to fill in any missing values, smooth noisy data, remove outliers and resolve inconsistencies. Missing values can be filled up manually, with global constant such as “unknown”, attribute mean or most probable value determined by regression. (Han and Kamber, 2006, p. 48-62)
· Data integration and transformation- data integration merges data from different sources. Some attributes have different names causing inconsistencies such as “customer_id” in one database and “cust_id” in another or naming inconsistencies when first name registered as William in one database and W in other. or it could be that those are relevant to one and the same attribute, so to avoid schema integration, metadata for each attribute is used containing name, data type, meaning and so on. Redundancies can be detected by correlation analysis. (Han and Kamber, 2006, p.49-67) 
Duplication and resolution of data value conflicts are other issues in data integrating. For example, “total sales” in one database may refer to one department and the same could refer to the whole store. Therefore, careful integration of data from multiple sources help reduce and avoid redundancies.
The purpose of data transformation is to remove noise with the use of clustering, binning, and regression. Normalisation where attributes fall into smaller ranges, generalisation such as youth, middle aged or senior instead of age and construction of new attributes help mining process.  (Han and Kamber, 2006 p.70-71)
· Data reduction- reduced amount of data is easier and should be more efficient to mine while keeping the integrity of the original data. Examples of data reduction techniques are discretisation and concept hierarchy generation where values are replaced by ranges or higher conceptual levels. (Han and Kamber, 2006, p.73)

These methods are not exclusive and often work together, for example, data cleaning may involve data transformation to correct wrong data i.e., transforming entries for a date field to a common format.

1.2 Excel functions

For the purpose of this report, Pivot Table and VLOOKUP excel functions are used to analyse the decline in sales or profits using Superstore dataset.
Pivot table creates an interactive view of the dataset and looks into data from different perspective. It’s one of the most effective ways to shape data while it categorises it into groups, transforms it into meaningful information and performs variety of calculations in a fraction of time. (Jelen and Alexander, 2013, p.11)
Pivot table can be created from a large dataset and looks at one section at a time.  An Excel data source table is necessary to create a Pivot table which must not have empty column or row and the first row should contain the column titles. The Pivot table is generated by selecting Pivot table from the insert menu.

1.3 Superstore dataset Pivot table 

	Row Labels
	Sum of Sales
	Sum of Profit

	2009
	4209896.846
	434096.02

	2010
	3560087.045
	364917.33

	2011
	3429944.981
	380310.5

	2012
	3715671.953
	342444.13

	Grand Total
	14915600.82
	1521767.98
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1.4 Analysing data 

To determine the decline in sales or profits over the given time from 2009 to 2012, a Pivot table is generated (above), showing the sum of sales and the sum of profit for the period. 2009 is the most profitable year with the biggest amount of sales. From then, the profit declines in 2010 only to pick up in 2011 and reach its lowest in 2012. In 2012 the sum of profit is the lowest although the sum of sales is higher than the previous two years. Therefore, more data is needed to establish what caused the decline.
A new Pivot table is generated (below) to investigate all possible reasons for the profit decrease.

[image: ]

Increase in sales revenue but profit decline could occur if the sales of low margin items predominate the sales of high margin items. However, its apparent that order quantity in 2012 is higher than the previous two years and sum of sales has increased as opposed to the profit so this is unlikely the case.
Gross profit is calculated with revenue less costs of goods sold. From the formula can be concluded that the higher costs of goods sold the less profit margin. 
In 2012, the Superstore generated higher sum of sales and high order quantity which did not result in profit increase. Possible reason for that could be promotions and sales the store had been giving in order to attract customers. On the other hand, Superstore could have chosen to lower prices as a reaction to competition that consequently resulted in profit decrease. If there were outdated slow moving products, they could have been also sold on a cheaper price. 
Managers at Superstore could have decided to build a bigger customer base to increase the sales as it could be seen on the Pivot table, as a reaction to the two low sales years previously which, however, resulted in profit decline. That is normally temporary as its followed by unit price increase. 
The shipping cost increase in 2012 and discounts indicate increase in costs of goods sold. It could be that prices have gone up for manufacturers or transportation and rates were passed over to the Superstore.
Sum of product base margin which is the difference between price of a product and the cost of producing it, shows increase in products markup in the Superstore indicating possible effort to increase prices of products.
The increase in sales in 2012 does not lead to increase in profit in the same year. That proves costly as increase in sales means increase in organisational effectiveness such as direct labour, materials, administrative and marketing costs. For a reseller that means product acquisition costs, packaging, shipping. In summary, the sales have increased in the Superstore as the sum of unit price in 2012 and revenue, therefore the only reason for profit decline is increase of expenditure without equivalent increase in selling price. I believe based on the Superstore dataset, the increase in expenses such as rent, salaries, commissions, overhead costs, interests, advertising, depreciation, cost of services provided led to profit decline in 2012. It also could be due to increase in training expenses or new equipment or even investment with no immediate payback.
In such a case, minimizing price discounts and better deals with manufacturers and favourable contracts, alternatives, revised rates on shipping would combat the declining profit as better marketing and fixed costs control.

1.5 Visualizing data 

Microsoft Excel is the most widely used spreadsheet and business graphics software tool. It illustrates core data visualisation types such as bar, pie, column, line, scatter, and radar graphs. Data visualisation tools create 2 and 3 dimensional pictures of business data that is easily interpreted to gain knowledge and insights into datasets. Visualisation make it easier to discover new patterns and trends in large datasets. (Soukup and Davidson, 2002, p.4)
The graph below displays and compares column values derived by the Pivot table from the Superstore dataset. 
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1.6 VLOOKUP function

It is used when looking for a value in a table or range by row. The formula consists of: 
=VLOOKUP (the lookup value, range where lookup value is located, column number that contains the return value, 0) 
If the profit is needed to be retrieved for order ID 807, VLOOKUP returns the correct value of -166.85 
For example: =VLOOKUP (807,B2:I8402,8,0) returns value -166.85 (profit)

Part 2

2.1 How many students like vanilla ice-cream?

SPSS software is used to find the number of students who like vanilla ice-cream- 95. The statistics is generated through analyse> descriptive statistics> frequencies and then a pie chart is used to visualise the findings.


	Statistics

	do you like ice-cream  

	N
	Valid
	200

	
	Missing
	0



	do you like ice-cream

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	vanilla
	95
	47.5
	47.5
	47.5

	
	chocolate
	47
	23.5
	23.5
	71.0

	
	strawberry
	58
	29.0
	29.0
	100.0

	
	Total
	200
	100.0
	100.0
	






2.2 How many students are male and female?


	Gender

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	Male
	120
	52.2
	52.2
	52.2

	
	Female
	110
	47.8
	47.8
	100.0

	
	Total
	230
	100.0
	100.0
	





2.3 What are the mean and median of participants who like chocolate and strawberry flavour ice-cream?

	Statistics

	do you like ice cream

	N
	Valid
	230

	
	Missing
	0

	Mean
	1.80

	Median
	2.00
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2.4 Clustering using ice-cream dataset


	Initial Cluster Centers

	
	Cluster

	
	1
	2

	id
	1
	200

	gender
	1
	0

	ice-cream
	2
	1

	video
	39
	66

	puzzle
	41
	66



	Iteration Historya

	Iteration
	Change in Cluster Centers

	
	1
	2

	1
	50.617
	53.305

	2
	.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 2. The minimum distance between initial centers is 202.378.



	Final Cluster Centers

	
	Cluster

	
	1
	2

	id
	50
	150

	gender
	1
	1

	ice-cream
	2
	2

	video
	50
	54

	puzzle
	51
	54




	Distances between Final Cluster Centers

	Cluster
	1
	2

	1
	
	100.142

	2
	100.142
	



	Number of Cases in each Cluster

	Cluster
	1
	98.000

	
	2
	102.000

	Valid
	200.000

	Missing
	.000



There are two clusters to be included in this analysis with all the variables from the ice- cream dataset that are classified similar to each other. Cluster algorithm is important choice especially when data is mixed. This analysis uses K-Means to establish centroid points of the clusters and assign subjects to clusters depending on the distance between points. The centroid point change over time as the process is carried out. As it could be seen, the cluster center changed for all the variables while the number of clusters stayed the same. Iteration History shows the number of algorithmic iterations deployed to reach a value of .000 for both center clusters. Final cluster centers show the final value of center clusters. This data can be visualized for analytic purposes (below). The last table shows the number of cases in each cluster.




2.5 Common data mining methods

· Cluster analysis- it’s a process of grouping similar data in clusters dissimilar to objects in other clusters. Distance measures are often used. Cluster analysis is used for outliers detection as it involves distinguishing groups of objects and assigning labels to the relatively small number of groups. It finds application in market research, pattern recognition, data analysis, image processing. In business it helps marketers discover groups in their customer base and characterise them based on purchasing behaviour or clustering customers for target marketing. It can be used for classifying documents on the Web for information discovery as well as identifying automobile insurance holders with high average claim cost. (Han and Kamber, 2006, p.383-384)
· Association rules- market basket analysis is the process of discovering associations and corelations and patterns amongst items in a transactional or relational datasets. It helps with decision making processes such as cross marketing, customer behaviour analysis. moreover, its useful for marketing strategy development as it sheds light on which items are purchased together. For example, if customers are buying bread how likely are they to buy milk on the same shopping trip? The information leads to increased sales by selective marketing and store outlay planning. (Han and Kemper, 2006, p. 228-229)
· Decision tree- it’s a flowchart like tree structure that consists of internal nodes (test on attribute), branches (outcome of the test) and leaf nodes that hold a class label. The top of the tree is the root node. For example, a concept of buys_computer investigates whether a customer is likely to buy a computer. Each non leaf is a test on an attribute and leaf nodes represent a class “yes” or “no”. (Han and Kamber, 2006, p. 291)

[image: ]
	Fig 1: Decision tree (Han and Kamber, 2006)

2.6 Common text mining methods

Text mining create categorical variables describing characteristics of a text. The new variables can be used for modelling or other data mining techniques.
· Term based method- based on a word in a document.
Text mining use that identifies sentiment such as positive/negative/neutral expressed in a text. It assigns text to a category based on a subject matter to extract parts within the text such as names and places. (Brown, 2014, p.311)
· Phrase based method- documents are anticipated on a phrase basis which is less doubtful and useful in individual terms.
· Concept based method- can be used to identify customers who intent to close their account. For example, the sentence “I’m going to close my account” is used to accurately assess risk and quantify results. (Brown, 2014, p.312)
· Pattern taxonomy method- based on a pattern and performs better than any other method. For instance, patterns are built in taxonomy by applying a relation such as association rule and used for customer service improvement based on feedback, spam filtering, maintenance.

2.7 Advantages and disadvantages of SPSS and Excel

SPSS
	Advantages
	Disadvantages

	
	

	1. Data management tools
	1. Training needed to exploit all functions

	2. Graphical visualising options
	2. More complicated than Excel

	3. Excel data import
	3. Expensive 

	4. Predictive software
	4. Limitations on large datasets

	5. Cluster analysis to identify groups
	

	6. Increases profitability of companies
And reduces expense due to prediction
	

	7. Not case sensitive with variable names
	

	8. Designed for statistics
	


EXCEL

	Advantages
	Disadvantages

	
	

	1. Can store large amounts of data
	1. Prone to errors

	2. Equations that provide more data
	2. Can’t help with quick decisions

	3. Tool for collecting and organising data
	3. No control or security making it vulnerable to fraud

	4. Excel spreadsheets are used across variety of programs
	4. Not compatible with some operating systems

	5. Own IT support, saving time and resources
	5. Cannot perform statistical analysis




3. Conclusion 

In summary, SPSS and Excel might look similarly but are two very different software. While SPSS is predictive software, dealing with algorithms, Excel consists of spreadsheets, mathematics concepts and statistics as a tool to manipulate data. Data is organised and filtered using formulas such as VLOOKUP and Pivot table is probably one of the most potent features of Excel used to create a new insight by extracting data. This report investigated common data and text mining techniques to predict an outcome based on a set of decisions and the collection of unstructured data to convert it into relevant information respectively. Clustering, using dataset is demonstrated and explained as well as VLOOKUP and Pivot table that analyses decline in profit based on the Superstore dataset. Data is visualized with several pie charts, a histogram and column charts to gain better insights of the findings. Ultimately, the process of discovering and extracting patterns, involving methods discussed in this report means the difference between struggling and thriving for businesses. Implementing it into the business model would help reduce costs and increase efficiency. Business decisions and strategies are improved by analysing customer trends and satisfaction which consequently leads to better product and services. Finally, the world is becoming increasingly reliant on information and data analysts have the important role now more than ever to correctly collect and interpret relevant data, trends, and patterns.
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