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[bookmark: _Toc103001019]Introduction 
This essay explores important practices and considerations in the field of data management and analysis. The analysis incorporates technical skills, basic statistical analysis and a critical discussion of some relevant functions of both types of software. Thus, it is attempted to inform decision makers regarding the advantages and drawbacks of the two analytical tools under consideration, as well as the most relevant trends in data mining. 
[bookmark: _Toc103001020]Main body
[bookmark: _Toc103001021]Task 1
[bookmark: _Toc103001022]Crime rate analysis 
The analysis begins with an evaluation of the crime rate per a million of people. The data set shows the crime rate for different regions, as the numbers indicate the rate per a million people. Hence, there is no need to conduct additional analysis of the aggregate numbers of crime events and population size in order to find the rate per a million of people. The calculation of the crime rate per million is conducted by performing several steps, as follows: DATA -> DATA ANALYSIS -> DESCRIPTIVE STATISTICS. In the dialog box, the SUMMARY STATISTICS box is selected. The data from column A are selected and analysed in order to identify the average crime rate. 
The following output is generated, as shown below. The average (mean) crime rate is 102.8 cases per a million of people. The similar values of the mean and median indicate that the distribution of crime rates across regions is quite normal. Nevertheless, for the purposes of the critical analysis, it should be noted that there are significant variations across regions given the significant differences between the minimum and maximum value: 45.5 and 161.8, respectively. This indicates that existence of significant standard deviation and unequal performance across regions which in turn make the analysis of the average value less relevant because the performance of many regions significantly deviates from the average value from the sample. 

Table 1 – Descriptive statistics 
[image: ]
The essay continues with an overview of some main characteristics and functions of the Microsoft Excel software. 
[bookmark: _Toc103001023]Data pre-processing, analysis and visualization with Excel
This section of the essay evaluates the functionalities of the Microsoft Excel software in respect to data organisation, analysis and presentation. In general, the software is quite user-friendly, as data are organised in an orderly manner by creating thematic columns for each variable. The information from fig. 2 below clearly shows the organisation of data by columns for each variable, whereas each row shows the information for a given region. Considering this, a two-dimension data organisation takes place. In general, the use of spreadsheets is seen as one of the simplest methods of collecting and organising data (Natter, 2019). This advantage could be of critical important when working with large quantity of primary data, as Microsoft Excel supports the organisation of data in an efficient and orderly manner (Natter, 2019). 
Typically, data are analysed by using the automatic functions of the software. They are located in the DATA tab where a user can select various statistical functions. The information from fig. 1 is an output of the selected descriptive statistics function. The analysis of the data may also incorporate other statistical tests and methods depending on the research goals. For example, in addition to the already presented descriptive statistics values, it may also be relevant to analyse the correlation between crime rate and some other variables from the list. Youth, region and education are the three selected variables. The following sequence of activities is performed: DATA -> DATA ANALYSIS -> CORRELATION -> INPUT RANGE where the four variables are added. The produced table shows the results from the correlation analysis. 
Table 2 – Correlation analysis 
[image: ]
It can be seen that the duration of education (in years) is positively correlated with crime rate, whereas the other two variables have a negative correlation coefficient. In all cases, however, correlation signs are quite insignificant. 
Often, large data quantity could create issues with the understanding and management of the information. Therefore, the use of presentation tools could be help in practice (Natter, 2019). The use of pie charts, bar charts, graphs, histograms, tables and others is allowed by Microsoft Excel software. These tools are quite relevant in simplifying and summarising data sets or results from the analysis of a particular problem (Natter, 2019). There are few examples of data presentation which are related to the current analysis of crime rate. 
The first way of presenting is by the table at the beginning of the essay. Another popular way is to use a pie chart. For this purpose, the crime rate per million is divided into different and equal in size groups and then the percentage share of each threshold is visualised, as follows.




Figure 1 – Pie chart of crime rate
[image: ]
At the bar chart below, the horizontal line shows the crime cases per a million of people, whereas each bar indicates the number of regions fitting each of the categories at the horizontal chart. The results inform for the lack of normal distribution and the existence of few regions with excessive crime rate. Such information may be quite useful in coping with crime rate in the most problematic regions or exploring the causes of such outliers. 







Figure 2 – Bar chart of crime rate
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There are additional presentation tools, such as lines, areas and doughnuts. The considered examples show the most popular ways of presenting data and the existence of numerous options demonstrates the extensive data analysis opportunities of Microsoft Excel. 
[bookmark: _Toc103001024]Application of Excel functions 
One of the most popular functions in Microsoft Excel refers to the IF function. Its purpose is to test whether a specific condition is satisfied. This is considered as a logical test and the produced values are categories as TRUE or FALSE, if they satisfy or do not satisfy the initially stated conditions (Excel Jet, 2022). 
There are many examples of using the IF function given the available dataset. For instance, the analysis of crime rate may be interested in its potential relationship with youth unemployment. An arbitrary condition is assumed for dividing the regions according to the level of youth unemployment per a million of people (column J). The “IF” function is applied accordingly in order to be able to filter all regions according to the selected arbitrary level of 100 unemployed. Respectively, regions below 100 unemployed correspond with TRUE, whereas regions with high youth unemployment above the threshold of 100 are marked as FALSE. The following excerpt shows the formula, as well as the output in column O. 
Table 3 – Output of using the IF function in relation to youth unemployment
[image: ]
Once dividing all regions in two main groups with low and high youth unemployment, it is possible to further analyse the potential existence of differences in the crime rate in these two separate data sets. In this way, an analyst could explore the potential link between youth unemployment and observed crime rate. 
Pivot tables are also commonly applied to summarise, analyse, explore and present data in Microsoft Excel (Microsoft, 2022). Pivot tables constitute an interactive way to summarise large amount of quantitative data in a user-friendly way. As a result, it is possible to more thoroughly analyse datasets in order to deliver more insights which are often unanticipated at the beginning (Microsoft, 2022). More specifically, pivot tables may subtotal or aggregate data in order to summarise according to categories or implement customised calculations and categories. Different levels of data may be expanded or collapsed as a way of achieving a more detailed summary of data which are considered of relevance for the analysis (Microsoft, 2022). Moreover, pivot tables also provide an opportunity to move columns and rows accordingly together with additional functions, including filtering, grouping, sorting, conditionally formatting and others. Eventually, it is also possible to present findings in a more concise and interactive manner (Microsoft, 2022). 
Data from the Microsoft Excel spreadsheet can be used as a basis for the creation of a pivot table (Microsoft, 2022). It is important to have the available data in a list format with all labels of columns located in the first row, as they will be used as Field Names. Moreover, each cell in the following rows should contain the appropriate data for the respective column heading (Microsoft, 2022). Mixing data is not allowed but this is quite unlikely, as the existing dataset about crime rate is already well-organised. 
Since the data are already organised, it is possible to directly apply the INSERT function and then select PIVOT TABLE in the upper left corner. In this particular case, the pivot table is created in a new spreadsheet and the selected variables are just three, as the purpose is to demonstrate an ability to create a pivot table, rather than actual analysis. The three selected fields are crime rate, youth and region. They are placed accordingly in the row and values fields in order to generate the following basic pivot chart. 








Table 4 – An overview of the created basic pivot table
[image: ]
An analyst is then able to organise the data accordingly with the use of the produced pivot table depending on the purpose of the analysis.
[bookmark: _Toc103001025]Task 2 
[bookmark: _Toc103001026]Data analysis with SPSS
The following bar chart shows the distribution of participants according to their preferences of ice-cream flavour. Vanilla consumers are 95 participants or the equivalent of 47.5% of the sample. 

Figure 3 – Preferences for ice cream in terms of number of respondents (1 –vanilla, 2 – chocolate, 3 –strawberry)
[image: ]
Source: SPSS
In terms of gender distribution, female students dominate the sample with a share of 54.5% or the equivalent of 109 participants. Respectively, males are 91 in number or 45.5% of the total sample. 
Table 5 – Gender distribution
[image: ]
Source: SPSS
A pie chart is also applied to visualise findings, as follows.
Figure 4 – Gender distribution of ice cream consumers
[image: ]
Source: SPSS
Answering the next question requires an elimination of all students who consume vanilla strawberry. Only the data for chocolate and strawberry consumers are considered. The mean and median values in respect to the two dependent variables – video and puzzle scores – are presented by the following table. 
Table 6 – Mean and median scores of chocolate and strawberry consumers 
	
	Video
	Puzzle

	Mean (average) score
	51.98
	52.74

	Median score 
	53
	56


These results can also be visually presented by the following bar chart.

Figure 5 – Mean and median scores across categories (1 – video scores; 2 – puzzle scores)
[image: ]
[bookmark: _Toc103001027]Clustering analysis
The process of clustering aims at collecting data points which are aggregated together on the basis of similarities (Garbade, 2018). In business intelligence context, such approach could be quite relevant for the identification of notable similarities between variables, which are not obvious at first glance; thereby, improving the depth of analysis. 
The K-means algorithm follows a predetermined order of analysis. First, the randomly selected centroids are used as a beginning point of every cluster (Garbade, 2018). This is seen by the information below showing the initial centres of the two clusters for each variable. Ice cream, video and puzzle scores are the three variables which participate in the clustering calculations. 




Table 7 – Initial cluster centers 
	

	
	Cluster

	
	1
	2

	ice_cream
	2.00
	1.00

	video
	29.00
	74.00

	puzzle
	26.00
	66.00


Source: SPSS
Through the performance on iterations, which also refers to competitive calculations, the SPSS software is able to optimise the positioning of the existing centroids (Garbade, 2018). This is shown below where the new clusters’ centers are identified on the basis of six iterations.
Table 8 – Iterations history
	Iteration History

	Iteration
	Change in Cluster Centers

	
	1
	2

	1
	21.987
	18.395

	2
	.740
	.632

	3
	1.084
	.969

	4
	.215
	.219

	5
	.285
	.263

	6
	.000
	.000

	


Eventually, iterations are no longer performed in the case when a certain defined number of iterations are achieved, or alternatively, when clusters are already stabilised and there is no need for further calculations (Garbade, 2018). This is seen by the data for the final clusters, as shown below.


Table 9 – Final cluster centres
	

	
	Cluster

	
	1
	2

	ice_cream
	1.68
	1.93

	video
	44.92
	58.12

	puzzle
	43.99
	60.02



According to Garbade (2018), the number K of targeted centroids (clusters) should be defined in the dataset. In this case, the number of clusters is two – a default setting in the SPSS program which is also applicable in the current case. The allocation of the respective data points to the clusters is optimised by minimising the sum of the squares within a given cluster (Garbade, 2018). 
The number of observations in each of the clusters is shown below. The SPSS calculations show that both clusters are almost identical in terms of size.
Table 10 – Number of cases in each cluster 
	Number of Cases in each Cluster

	Cluster
	1
	95.000

	
	2
	105.000

	Valid
	200.000

	Missing
	.000



The ANOVA test aims at testing whether the results are statistically significant. The respective p-values for the three variables are below the conventional confidence interval of 0.05. This is an indication for statistical significance; hence, the process has produced meaningful clusters. 

Table 11 – ANOVA test results 
	ANOVA

	
	Cluster
	Error
	F
	Sig.

	
	Mean Square
	df
	Mean Square
	df
	
	

	ice_cream
	3.095
	1
	.723
	198
	4.284
	.040

	video
	8700.783
	1
	54.579
	198
	159.415
	.000

	puzzle
	12815.244
	1
	51.116
	198
	250.709
	.000

	


Data and text mining methods
In general, data mining refers to the process of analysing large datasets in order to derive new information (Sharda et al., 2014). There are several data mining methods, which are commonly applied in practice, divided into two main categories – for 1) knowledge discovery and 2) prediction (Perner and Fiss, 2022).  Each of the two main categories includes several methods, as shown below. 
Figure 6 – Overview of the main data mining methods 
[image: ]
Source: Perner and Fiss (2022)
Classification is the first key method for data mining where different observations are categorised according to a certain criterion in order to predict future developments (Perner and Fiss, 2022). For example, in marketing, specific types of customers are more likely to purchase a given product. Therefore, every customer may be classified according to certain socio-demographic features which are associated with a higher likelihood for purchase. Thus, a company may target only the classified potential customers in order to maximise the marketing efforts. 
Regression is another predictive tool in data mining. Regression analysis identifies a dependent variable which change could be explained with a set of independent (explanatory) variables. Thus, regression analysis predisposes for the existence of a cause-and-effect relationship between independent and dependent variables (Tabachnick and Fidell, 2013). The current case with the crime rate could be used as an example of the potential use of regression analysis as a predictive tool. If the analysis of the available large quantity of data shows a positive link between unemployment, gender and location, as independent variables, and crime rate as a dependent one, it could be predicted whether someone could engage in a criminal activity. In economics and marketing, certain trends and behavioural patterns are also explored with regression analysis by incorporating a set of explanatory variables which could affect the dependent ones. 
Typically, the methods of knowledge discovery are used prior to the predictive methods (Perner and Fiss, 2002). Deviation detection is used to find outliers from a data set which deliver important information (Perner and Fiss, 2002). For example, the analysis of negative effects from a given drug may use deviation detection in order to find and explain the occurrence of severe reactions. Such outliers may not be common; however, they show important information for improving the safety of a given drug. 
Cluster analysis is also used find instances of grouped observations according to a given criteria (Sharda et al., 2014). In the same example with the drug safety performance, it could be a positive development, if all reactions to a drug a clustered, as it would eliminate the existence of outliers. 
Visualisation of data is also used in practice as a way of summarising findings or simplifying large quantities of data (Whitten et al., 2017). Since many people are visual learners, the use of visual tools, such as charts, graphs, tables, histograms and others, could improve the process of knowledge discovery. Such example refers to the applied visualisation tools in relation to crime rate in fig. 1 and 2. 
Finally, association rules are also applicable in order to find correlation between two or more developments (Perner and Fiss, 2002). Association rules may look for illogical connection; however, the data mining tool may of significant importance in explaining consumer behaviour. For example, places where vegetables are sold may also achieve higher sales of vegetable oil, as suggested by Perner and Fiss (2002). 
Not all data are numeric; hence, businesses may also face situations of text mining in order to derive valuable information from a large quantity of writtent text (Whitten et al., 2017). Text mining typically follows several stages of progression with an increasing complexity of the aalytical process, as shown below. Usually, clustering is the initial stage of text mining followed by classification and statistical analysis of key words. The most advanced way of text mining refers to syntactic and semantic text analysis where complex information and meanings are derived. 
Figure 7 – Text mining process and methods 
[image: ]
Source: Segall et al. (2022)
As evident, text mining may incorporate qualitative and quantitative methods of analysis depending on the context and complexity of the applied methods (Segall et al., 2022). 
[bookmark: _Toc103001028]Advantages and disadvantages of Microsoft Excel and SPSS
Both types of software are popular in practice due to specific advantages. As explained by Heath (2020), SPSS combines appropriate user interface, user-friendliness and ability to cope with large quantities of data. As a result, SPSS is the preferred choice of many analysts who demand a scientific and easy to navigate tool for analysis. The advantages of Microsoft Excel are also evident, especially when considering the low cost of the software and the high functionality of using spreadsheets (Natter, 2019). Moreover, the software allows access to multiple users which in turn support teamwork (Natter, 2019). 
It is also important to that both popular types of software have certain limitations and they should be known by analysts in order to avoid problems as a part of the working process. The key drawbacks of SPSS are related to the high costs of acquiring the software (Heath, 2020). To a great extent, many of the functions of SPSS are also available in the case of Microsoft Excel which limits the ability to add value and unique experience to users (Heath, 2020). Although cheaper and highly-functional, Microsoft Excel lacks the security features of SPSS and this is seen as a major problem (Natter, 2019). In some cases, Microsoft Excel poses a challenge to users, as the latter have to demonstrate skills and knowledge in order to benefit from all functions of the software (Natter, 2019). Existence of user bias in the data organisation and analysis is another common drawback worth being noted (Natter, 2019). The following table provides a summary of the key advantages and disadvantages of both types of software.
Table 12 – Key advantages and drawbacks of Microsoft Excel and SPSS
	Software type
	Advantages
	Disadvantages

	SPSS 
	· Easy to learn its functions, user-friendliness.
· Able to cope with large quantities of data.
· Appropriate user interface. 
	· Significant costs of acquiring SPSS.
· Limited functionalities.
· Similarities with Microsoft Excel.  

	Microsoft Excel
	· Effective in terms of data organisation and streamlines calculations. 
· Extensive analytical and presentation functionalities.
· Multiple user access.
· Low cost. 
	· Existence of user bias.
· Requires skills to use some of the available functions. 
· Lack of security protection. 


Sources: Natter (2019); Heath (2020)
[bookmark: _Toc103001029]Conclusion
The analysis in the essay is informative, as it provides guidance regarding the use of certain concepts in data mining. Hence, the information is expected to support the better understanding of the data mining process and respective software tools and general methods in the decision-making process. 
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