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[bookmark: _Toc103372461]1.1 Pre-Processing Data
We have been given a Microsoft Excel file named Crime Data that must be evaluated, and a crime rate should be determined considering the other variables in the file. To do this we will use Excel, which is a spreadsheet program that can organise data into lists and then summarize, compare, and present that data graphically. The program has been used by researchers and managers of organisations as an efficient tool of data management and data analysis (Tang, 2008). 
To efficiently analyse the data, we must first prepare it for analysis by pre-processing it and transform the raw data provided using several distinct steps. Data pre-processing could be described by the type of processing performed on data with the objective of prepare it for data handling. Commonly used as a data mining practice, data pre-processing changes the data into a type of data that will be more easily to process. 
[bookmark: _Toc103372462]1.1.1 Data Cleaning
Data cleaning is the process of adding missing data and correcting, repairing, or removing incorrect or irrelevant data from the data set (Jiawei, 2006). This can be done by handling missing data and either determine and fill in the missing values manually or using an expected value. 
Noisy data refers to data that includes some unnecessary entry points, irrelevant data, and some data that’s difficult to group together. There are different techniques that can help us pre-process the data set. Binning methods can level sorted data by considering their neighbourhood and values around it. This sorts of data of a wide data set into smaller groups of similar data. Regression is a process used to decide which variables will apply to our analysis and help us process large volumes of data. It is a well-known statistical technique which uses a model that predicts the relationship between several independent variables and one dependable variable. Correlation is a similar method to regression and there is often a confusion between these two methods. The difference between them is that correlation measures the degree of a relationship between two variables while regression measures how one variable affects another (Azevedo, 2021). Based on this, we can observe some strong correlations between some variable in our data set. In the figures below, we can observe how expenditures are correlated with wages, youth unemployed with mature unemployed, wage field with below wage field, and the crime rate with expenditure per year. 
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Fig.4
Another data smoothing method is represented by clustering, by which we use algorithms to properly group the data and analyse it more efficiently. It is the process of grouping together data points with similar characteristics and assigning them to clusters. From our data set we found one cluster with 1 outlier between youth and labour force, as shown in the figure below.
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Fig.5
When pre-processing data, we may find inconsistencies or duplications in the data set, which we can correct manually or through external references, if we have errors made at the data entry. We should look at efficient ways to improve the data and remove any unnecessary elements that aren’t relevant in our analysis.
[bookmark: _Toc103372463]1.1.2 Data Transformation
After data cleaning, in which we started to modify the data set, we can begin the transformation process that will turn the data into a proper format, easier to analyse and visualise. There are many possible transformations of the raw data values, and all depend on the specific requirements for our analysis. The scope is to transform the data into a format which is easier to analyse. This can be done by normalization, which means that specific data is allocated a specific set of values, such as 0 and 1. In our data set we can see this in the region column where we can observe a differentiation between the 0 values, which we could allocate the qualitative value of northern areas or 1 value for which we could allocate the qualitative value of southern areas. Another method of transforming data is through aggregation, where two or more values are aggregated into one value. The feature selection is another process of transforming data by which we decide which variables are most important to our analysis. It is advised to use a reduced number of variables rather than a high number of variables, mostly because we would like accurate analysis results and no overlapping characteristics of some features. 
[bookmark: _Toc103372464]1.2 Data Analysis and Visualization with Excel
Microsoft Excel provides several means to analyse, interpret and visualize data. This can be done with relevant Excel functions, commands, or tools. Data that has been processed, organised, and cleaned would be ready for analysis. For this part of our work, we would use two functions, VLOOKUP, and PivotTables to determine the crime rate and establish relationships between this and other variables. 
[bookmark: _Toc103372465]1.2.1 VLOOKUP Function
This is a tool for looking up a piece of information in a table or data set and extracting some corresponding information from it. On a good note, the function is well known and easy to use, especially for new users. On the disadvantages notes the function is limited and can only look for values of the right of the lookup value, so working with multiple criteria can prove very difficult.
 The VLOOKUP function uses a formula or syntax, which can be translated as follow:
=VLOOKUP(lookup_value, table_array, col_index_num, [range_lookup])      
 (Microsoft, 2022).
The arguments used from the above formula are:
Lookup_value, specifies the value that we are looking for in the first column of the table array.
Table_array, represents the range of cells that will be searched for the value and for the return value. 
Col_index_num, specifies the column number of the supplied table_array, that you want the return value from.
Range_lookup, is a logical value that specifies what you want the function to return, weather an exact or approximative match. It can have the value of TRUE or 1 and will return an approximative match to what we were looking for, or it can have the value FALSE or 0, for an exact match return.
From the crime data file, we can produce some practical examples of this function. In the figure below, we can see an exact match example, and probably the most used with this function.
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Fig.6
We can observe the formula used,
=VLOOKUP(Q2,A1:N48,5,0)    ,
which looks for the value of crime rate equal with 103, in the table range A1:N48, in the 5th column and returns a FALSE value or an exact match value. 
VLOOKUP function can be used to find an approximate match, because sometimes we cannot find an exact match. This is exemplified in the figure below where the formula is used
				=VLOOKUP(Q2,A1:N48,5,1)
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Fig.7
Here, VLOOKUP function will scan values in the 5th column for the lookup value. As we don’t have an exact match for the value we are looking for, the function will search descending and match the value of the previous row. This will only work if the table array is sorted ascending by the lookup value. 
[bookmark: _Toc103372466]1.2.2 Pivot Tables
Pivot tables are the fastest and easiest way to analyse data quickly and efficiently in Excel. We can think of it as a report, but unlike a static report, a pivot table provides an interactive view of our data. With little effort and no formulas, we can process large amounts of data sets and look at it from different perspectives. We can group data into categories, filter data to include or exclude categories, and build graphs and charts to visualize your report more effectively. Some of the key benefits of pivot tables are represented by the simplicity to set up and customize reports, without the need to learn complicated formulas, flexibility, and accuracy in analysing large amounts of data (Bruns, 2021). 	
We will try and analyse our crime data set provided and determine some quick and easy ways to exemplify the crime rate in relation with other variables. According to Buonanno (2003) and supported by previous research, we can find drivers of crime rates in the education level and poor economic background, among inequality of income and distribution of wealth. Also, from youth and youth unemployed that come from an unfavourable economic background and from the level of expenditures made by the law enforcement agencies. In the figures below, we have determined a sum of crime rates based on the regions where they have occurred, as well as the expenditures made in each region. As we can observe the sum of crime rate is higher in the northern region (66.66%) than the southern region (33.34%) and the level of expenses is also distributed accordingly. Higher crime rate involves higher expenditures for law enforcement. 
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Fig.9
We can also find a correlation between the crime rate and the sum of youth and youth unemployed, suggesting a direct relationship between the youth numbers and the numbers of unemployed youth by regions crime rates.
[image: Chart, bar chart

Description automatically generated]
Fig.10
On a more complex use of pivot tables, we can use several variables to get a clearer picture of crime rate determinants. In the figure below, the northern and southern regions have a similar average crime rate, but when looking at averages wages and below wages, we can observe higher earnings in the northern region and higher below wage earnings in the southern region, which can indicate a discrepancy in wealth distribution and an inequality of income. In report to education, the average level is higher in the northern regions, which might explain the higher wages. We also summed up the state sizes in each region and observed that the norther region accounts for most of the state sizes. 
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Pivot tables can be very useful at summarizing data and make it easier to analyse and identify patterns when dealing with large volumes of data. It can create reports faster and accurately present summarized data through charts and graphs. The visualization of data can highlight some notable points in reports and have a good impact on the presentation style. In Excel, charts and graphs can be used to make a representation of any data set. As a conclusion, pivot tables are a great tool for a faster, easier, and more credible data analysis, sorting, summarizing, and formulating reports that may assist users in making more reliable and efficient decisions. 


[bookmark: _Toc103372467]2. Part B
The data set from the Microsoft Excel file Ice_Cream.xls presented must be transferred to SPSS for analysis. We must show our findings to the questions in a visual representation as well.
Q1. How many students like vanilla flavour?
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Fig.12
As we can see from the above figure, we can use the SPSS analyse functions to find the number of frequencies that vanilla ice cream flavour has in our 200 entries. 95 students said that they like this flavour.
Q2. How many students are male and female?
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Fig.13
We can use the same frequencies analysis to determine the number of male and female students. As seen from the table we have 91 males and 109 females.
Q3. What are the Mean and Median of participants who likes chocolate and strawberry flavours?
First, we need to know the meaning of what these terms signify. The mean is found by adding all the numbers of a series and dividing by the numbers of items in that series. The median is found by ordering the series of numbers from lowest to highest and finding the exact middle of it (Glen, 2021). In the figure below we can see the mean and median of those participants that like chocolate and strawberry flavour.
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Fig.14
[bookmark: _Toc103372468]2.1 Clustering Example and Analysis
Cluster analysis is a classification type of process that is executed by separating the data into groups. The scope of this is to categorize objects in K groups, that are called clusters, by using several variables. Like many types of statistical tools, cluster analysis has multiple variants, each with its own clustering procedure. In SPSS, we can use the K-means clustering function, and for our example we will need to use the ID, Video, and Puzzle numerical variables. The gender and ice cream are categorical variables and will not be conclusive for our analysis as they represent nominal values, which are inconclusive in K-means analysis.
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In the figures above, we can observe the initial cluster centres for each variable selected and for each cluster created. The iteration shows how the clustering process moves at each step. In the first step, the cluster centres shift significantly, but by the 5th iteration they have stopped to the final location, with the 3rd and 4th iterations presenting only minor adjustment moves. The ANOVA table shows us which variables offer the most contribution to the final cluster solution. Variables, like ID in our case, with significant F values provide the greatest separation move between our clusters. The final cluster centres are calculated as the mean of the variables within each final cluster. Looking at cluster 1, we can observe that students identified with lower IDs register a medium score on video and puzzle tests. In cluster 2, students with high IDs have, on average, better scores than those in cluster 1. Cluster 3 is represented by the students with IDs in the mean of 101, which have an average score on video and puzzle variables. 

[bookmark: _Toc103372469]2.2 Data Mining and Text Mining Methods
One of the most known data mining methods is represented by clustering, in which we group  some different data points that are based on their characteristics. By doing this we can easily divide the data into subsets that will allow us to make more informed decisions in terms of consumer behaviour. The clustering process can help businesses to manage data more efficiently (Vercellis, 2009). Retailers can use clustering to determine which customers will buy specific products, how frequently, and on what days. This can help retail companies to target products and services to customers in a specific region or to a specific demographic. Clustering can also help car insurance companies to identify a set of customers who typically have high annual claims to price policy offers more effectively (Georgia Professional Tech Education, 2022). 
Association mining is used to discover unique or interesting relationships between variables in databases. This is often used by companies to determine efficient marketing research and strategy. Association mining can have two approaches, one is single-dimensional, in which we look for one repeating instance of a data point or attribute, and multi-dimensional, by which we search for more than one data point in the data set. For retailers, association analysis is particularly helpful in making purchasing suggestions. If someone buy a smartphone or a tablet, the association rule will recommend related items such as cables, protective cases, or additional software(Georgia Professional Tech Education, 2022).
Classification is a fundamental data mining technique that can be applied to virtually every business sector. It is a process by which data points from large volume data sets are assigned to categories based on how they are being used. It is useful for extracting comparable points of data for comparative analysis. A statistical technique in classification is regression, by which we attempt to show the probability of a specific outcome within two possible results. Another technique in classification is represented by the decision trees. Once the data has been classified, we can ask follow-up questions and the results can be presented by a chart called decision tree. Financial institutions classify customers based on many variables to make decisions about offers on new loans or to project credit card risks. In other business domain, weather apps classify data to project rain, and the amount of rain.
Text mining is the process of extracting useful information and patters from a large volume of text database. The rapid increase in computerized and digital information has prompted an enormous volume of text data and information. Over 80% of the present information is in the form of unstructured or semi-organised data. Thus, text mining has become an increasingly popular and essential part of data mining. There are several text mining techniques that we should follow. The information extraction is a process of extracting meaningful words from documents. Information retrieval is the process of extracting relevant and associated patterns according to a given set of words or text document. The Natural Language Processing (NLP) is concerned with automatic processing and analysis of unstructured text information. Text clustering it’s an unsupervised learning process that is grouping text according to their similar characteristics. Text summarization has the fundamental aim to decrease the length, details and complexity of a document while keeping significant points and actual meaning (Maheshwari, 2015). 





[bookmark: _Toc103372470]2.3 Advantages and Disadvantages of using SPSS and Excel

	
	Microsoft Excel
	IBM SPSS
	Discussion

	Advantages
	Macros and templates 


	Supports macros 
	Excel supports macros that allow users to automate repetitive tasks, while templates are preprogramed files with placeholder data. SPSS also supports macros 

	
	Control and security
	IBM offers control and security 
	Each Excel file can be password protected while SPSS has a security protocol offered by IBM

	
	Formulas and calculation features
	Extensive features
	Excel has various formulas and calculation features, while SPSS doesn’t use formulas, but it does have a larger range of extra features

	Disadvantages
	Data and growth

	Very large data cannot be processed
	Excel can’t handle large volumes of data and it has limitations on file size, while SPSS offers a larger amount of data that it can process it also has problems with analysing very large data sets

	
	Limited data mining features
	
	Excel has limited capabilities when data mining

	
	Problems with statistical analysis
	
	Excel can’t handle complex statistical analysis 
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