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[bookmark: _Toc152011930]Part 1
[bookmark: _Toc152011931]Evaluation of the Use of Microsoft Excel for Pre-Processing the Data, Analysing the Data and Visualising the Data
Microsoft Excel is an application of Microsoft Office, which is a product of one of the largest multinational technology corporations, Microsoft. It is basically a spreadsheet system, in which data can be organised in columns and rows to manipulate them through formulas in order to perform mathematical functions (The Editors of Encyclopedia Britannica, 2023). There are several stages involved in using Microsoft Excel to reach the desired goal.
The first step is pre-processing the data before making it ready for analysis. Data pre-processing mainly refers to cleaning and transforming the raw data into a usable format for the computer. This step is important for improving the quality of the data and making it consistent and compatible. Moreover, data pre-processing can help to eliminate errors, identify and handle missing values more easily, remove duplicates if any, and standardise the overall format (Mishra, 2023). However, the problem with the data pre-processing technique is that it always requires manual execution. Sometimes, Excel’s analytical capabilities may not match those of other specialised data analysis software when data pre-processing does not provide any value.
Microsoft Excel is quite popular in many industries, starting from their finance and accounting area to their marketing and sales department. In today’s data-driven world, analysis through the use of Microsoft Excel has become one of the key activities for many companies. Some of the most useful data analysis techniques include concatenate, If (), Find/Search, Rank (), Vlookup (), Hlookup (), Counta (), Networkdays, etc. (Agarwal, 2021). Each of these techniques has different purposes that aid businesses in making informed decisions and acting accordingly.
The process of data visualisation refers to representing the data in a pictorial manner that is easily understandable for interested users (Ahmet, 2023). Some popular data visualisation techniques are pie charts, bar charts, histograms, scatter plots, Gantt charts, etc. (Miller, 2021). In the visualisation process of data in Excel, it is vital to choose the right type of visualisation, remove any irrelevant or inaccurate data, provide the context for better understanding the illustration, and finally, craft a compelling visualisation that is both interesting and engaging to those who are going to use it. The main benefit of data visualisation is that one does not have to be an expert or have a professional background to understand the picture; rather, the picture speaks for itself to make the user understand. 
[bookmark: _Toc152011932]Demonstration Through the Use of VLOOKUP
The function “VLOOKUP” is used when one wants to find things in a table or a range by row based on their attributes (VLOOKUP function, no date). As the purpose is to determine the decline or increase in the average price of room reservations over the year ranging from 2017 to 2022, first the data will be sorted (pre-processed) according to the respective years. The price data are sorted according to their respective years from 2017 to 2022.
In order to sort the data 2017, the following formula is used:
=IFNA(VLOOKUP(2017,J2:Q2,8,FALSE),"NO")
Here, the IF formula has been used to separate the price of 2017. As all the data does not contain information about the year 2017, #N/A would show where the data was for any other year. In order to eradicate that problem, the above-mentioned formula is used, in which “NO” shows up replacing #N/A. The advantage of using this formula is that when calculating the average of the price data, the cells containing “NO” will not be taken into account. So, it will provide the correct value. Since there is a lot of data and duplication cannot be done manually, Shift+Ctrl+Down Arrow is clicked altogether to duplicate the formula for all the cells under the T column, also referred to as the column for 2017 data. 
The same formula with changes in respective years are used for the latter years: 2018 to 2022. 
The formula used for 2018: =IFNA(VLOOKUP(2018,J2:Q2,8,FALSE),"NO")
The formula used for 2019: =IFNA(VLOOKUP(2019,J2:Q2,8,FALSE),"NO")
The formula used for 2020: =IFNA(VLOOKUP(2020,J2:Q2,8,FALSE),"NO")
The formula used for 2021: =IFNA(VLOOKUP(2021,J2:Q2,8,FALSE),"NO")
The formula used for 2022: =IFNA(VLOOKUP(2022,J2:Q2,8,FALSE),"NO")
After applying these formulas and duplicating them until the last cell in the column, the Excel interface would look like the following (only a portion of the whole spreadsheet is shown here after hiding the unnecessary information).
[image: ]
After completing this process, the data are analysed using the AVERAGE formula. The formulas applied to calculate the average price from 2017 to 2022 are shown below.
For 2017: =AVERAGE(T2:T36276)
For 2018: =AVERAGE(U2:U36276)
For 2019: =AVERAGE(V2:V36276)
For 2020: =AVERAGE(W2:W36276)
For 2021: =AVERAGE(X2:X36276)
For 2022: =AVERAGE(Y2:Y36276)
After applying the above-mentioned formulas, the following results show up in Microsoft Excel:



	Average of 2017 Data
	Average of 2018 Data
	Average of 2019 Data
	Average of 2020 Data
	Average of 2021 Data
	Average of 2022 Data

	90.0498541
	106.4527274
	101.7812994
	105.339899
	101.2333333
	101.499242


As the results indicate, there have been fluctuations in the average price of room reservations every year. 
[bookmark: _Toc152011933]Demonstration Through the Use of PivotTable
A pivot table is used to calculate, summarise, and analyse data to compare them and identify patterns and trends in them (Create a PivotTable to analyze worksheet data - Microsoft Support, no date). In the stage of pre-processing the data to determine the decline or increase in average price of room reservations, all the data are selected and inserted for pivot table preparation in a new sheet in Excel. Then, the following pivot table shows where row fields, column fields, and value fields are to be selected. For the completion of the given task, “Arrival Year” is put on the row field, and the total of “Average Price” is put on the value of the row field.
[image: ]
But here, the purpose is to identify the changes in average price, so the average of the average prices is to be calculated, as shown below.
[image: ]
The figure shown above is found by taking the mouse cursor on “Sum of Average Price," right-clicking on it, and then selecting “Value Field Settings." From there, the “Sum of Average Price” is renamed “Average of Average Price," and then from the “Summarise Value Field by” option, the type of calculation that is selected for the task is "Average."
After this step has been completed, the figures in the Excel sheet show up like the following, vertically identical to the results found in the VLOOKUP demonstration.
	Arrival_year
	Total

	2017
	90.0498541

	2018
	106.4527274

	2019
	101.7812994

	2020
	105.339899

	2021
	101.2333333

	2022
	101.499242

	Grand Total
	103.4235391


[bookmark: _Toc152011934]Production of Meaningful Chart Based on the Findings

The bar chart prepared above illustrates the average price for the reservation of rooms at a specific hotel from 2017 to 2021. As the chart indicates, the average price of a room reservation was 90.05 in 2017, which surged to 106.45 in 2018. Then, the price declined slightly to 101.78 in the next year. In the very next year, the price again got hiked, and the average price in 2019 was 105.34. In the next two years, the prices were again reduced to around 101.
As it is visible from the graph, the price of a room reservation was never below 100, except for the year 2017. The only significant increase took place from 2017 to 2018, which also indicates that the results found in 2017 are the only outliers in the average price of room reservations in the hotel. It is an interesting fact that the average price was between 100 and 102 for years 2019, 2021, and 2022, which means that people prefer to reserve rooms when the price is in that range. However, there is no information regarding the number of reservations in a calendar year, as it is not required by the task.
While using and interpreting the data for any sort of analysis, such visualisation of the data is a prerequisite in order to make appropriate decisions. The results found from applying VLOOKUP and Pivot Table are the same; this is why the results are shown in a single chart. From analysing the information found, the decision-makers can either choose to keep their average price at around 101 or they can improve the quality of their services to increase the price for the reservation of each room, which can aid them in earning more profit.


[bookmark: _Toc152011935]Part 2
SPSS stands for Statistical Package for Social Sciences and is used for conducting analyses of quantitative as well as complex data. The benefit of using this software is that it is quite user-friendly, and there are a robust set of features available in this software to conduct an analysis (IBM SPSS Statistics, no date). For this particular analysis, SPSS 25.0 is used.
From the Student_Score.csv file, the data are transferred into SPSS software, like the following in the data view section.
[image: ]
SPSS requires data to be selected according to their levels of measurement: nominal, ordinal, or scale. As the data set in the variable view section of the SPSS table shows in the following picture, School, School_setting, School_type, Classroom, Teaching_method, and Student_ID, Gender, and Lunch are regarded as nominal data, while Student_No, Pretest scores, and Posttest scores are regarded as scale data. For the purpose of calculation in an appropriate manner, the female students are converted to a numeric value of 1, and the male students are converted to a numeric value of 2 in the case of gender. When it comes to selection for lunch, the student who is entitled to free lunch is converted to 1 (qualifies for reduced or free lunch), and the student who is not entitled to free lunch is converted to 0 (does not qualify). 
[image: ]
[bookmark: _Toc152011936]Calculation of the Number of Male and Female Students
In order to calculate the number of male and female students, the frequency distribution of descriptive statistics takes place. In order to calculate the frequency of male and female students, the “Analyze” option from the Data View interface is clicked on. From there, “Descriptive Statistics” and then “Frequencies” is selected. The next step involves selecting “Gender” from the available options to calculate frequency. 
[image: ]
After clicking “OK”, the following results are found:

	Gender

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	1
	1056
	49.5
	49.5
	49.5

	
	2
	1077
	50.5
	50.5
	100.0

	
	Total
	2133
	100.0
	100.0
	


From the calculation, it is found that 1056 out of 2133 students are female (1), while the rest, 1077, are male (2) students. It indicates that 49.5% of the students are female and 50.5% of them are male.
[bookmark: _Toc152011937]Calculation of the Number of Students Qualifying and Not Qualifying for Reduced/Free Lunch
The method for calculating the number of students who qualify or do not qualify for reduced or free lunch will be the same as it was in the case of calculating the number of male and female students. The analysis will look like the following:
[image: ]
From the calculation, the findings are as follows: 
	Lunch

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	0
	1215
	57.0
	57.0
	57.0

	
	1
	918
	43.0
	43.0
	100.0

	
	Total
	2133
	100.0
	100.0
	


The findings indicate that out of 2133 students, 1215 do not qualify for a reduced or free lunch, accounting for 57.0% of the total number of students. The rest of the students can avail of a reduced or free lunch.
[bookmark: _Toc152011938]Calculation of Mean and Median of Students Who Qualify and Do Not Qualify for Reduced/Free Lunch
Mean and median indicate the central tendencies of the data of sample population. In order to determine the mean and median, the steps would be click on “Analyze” tab from the Data View interface of SPSS, then choose “Frequencies” and then select variables – “Lunch” in this case. There is an option called “Statistics” from which the central tendencies of the data can be calculated. After clicking on "Statistics," the following figure would show up:
[image: ]
The next step would be to select “Mean” and “Median” from the available options in central tendency and click on “Continue”. The results would show the following:
	Statistics

	Lunch  

	N
	Valid
	2133

	
	Missing
	0

	Mean
	.43

	Median
	.00


The table shows that the mean of the students qualifying for a reduced or free lunch is 0.43, while no median value exists. This is basically the percentage (43%) of those who could avail of a reduced or free lunch. The rest do not get to avail of this facility.
[bookmark: _Toc152011939]Specific Example of Clustering (ex, K-Means Clustering)
Clustering refers to the process of dividing a dataset into groups (or clusters) according to their patterns (Data mining - cluster analysis, 2021). Several types of algorithms are available to conduct cluster analysis, and K-means clustering is one of them. The process involved defining a specific number K, which indicates the number of pre-defined clusters that require creation in the process. The purpose of using K-means clustering is to minimise the sum of distances between the data points and their corresponding clusters (K-Means Clustering Algorithm, no date).
For an example of K-means clustering, the pretest and posttest data will be used from Student_Score.csv provided in conjunction with SPSS. In order to conduct the analysis, the “Analyze” option from the Data View interface will be clicked on, from where “Classify” and “K-Means Cluster” will be selected. Now, from the available data, “pretest” and “posttest” data will be selected. The number of clusters will be 2 here, and the method will be “Iterate and classify”. The interface would look like the following:
[image: ]
After clicking on “OK” and ensuring everything is done as shown in the picture, the following results will come up: 
Quick Cluster
	Initial Cluster Centers

	
	Cluster

	
	1
	2

	Pretest
	23
	93

	Posttest
	35
	100



	Iteration Historya

	Iteration
	Change in Cluster Centers

	
	1
	2

	1
	30.191
	33.606

	2
	.885
	.791

	3
	.611
	.532

	4
	.212
	.181

	5
	.227
	.200

	6
	.150
	.128

	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 95.525.


The above tables show the initial cluster centres and the iteration history. The initial cluster centres indicate the vectors with their values based on the two variables, pretest and posttest, which refer to two clusters. The two clusters are at maximum index distance from each other. The iteration history table shows the number of iterations and the changes in the cluster centres. If the calculation was related to any activity or process, it would stop at the seventh iteration, as there are no changes in the cluster centres after that.
Final Cluster Centers
	Final Cluster Centers

	
	Cluster

	
	1
	2

	Pretest
	43
	65

	Posttest
	55
	78





	Number of Cases in each Cluster

	Cluster
	1
	993.000

	
	2
	1140.000

	Valid
	2133.000

	Missing
	.000


It is visible from the final cluster centres that the centres of the clusters change. Finally, the number of units in each cluster, as well as their total number and missing units, are shown in the table titled "Number of Cases in Each Cluster.”.
[bookmark: _Toc152011940]Common Data Mining and Text Mining Methods That Can be Used in the Contemporary Business
Data Mining Methods
	Method
	Description
	Real Life Example

	Classification
	Classification refers to the process of employing a set of pre-classified examples that can help segment the population records (Bharati, 2010).
	Fraud detection and credit risk application.

	Clustering
	The process of identifying and listing similar classes of objects is referred to as clustering (Bharati, 2010)
	Listing a group of customers who have similar purchasing patterns.

	Outlier Detection
	An object that has significant differences in its attributes from the rest is called an outlier (Han, Kamber and Pei, 2012).
	Determining whether the data was improperly entered or pulled from the incorrect sample to prevent damages.

	Regression Analysis
	Regression analysis means determining the relationship between one or more dependent and independent variables (Bharati, 2010)
	Finding the relationship between employee satisfaction and an increase in product sales.

	Association Analysis
	The process of figuring out if two variables or items are interrelated (Han, Kamber and Pei, 2012)
	Identification of the items or products that can be purchased by the buyers together.





Text Mining Methods
	Method
	Description
	Real Life Example

	Information Extraction
	Information extraction means extracting meaningful information from a large number of texts (Talib et al., 2016)
	Analysing the short-term liabilities on the balance sheet of a company.

	Information Retrieval
	Information retrieval means extracting relevant and valuable information patterns according to a given set of words or phrases (Talib et al., 2016).
	Retrieving information from the cloud source of the company, which did not appear to be important for a long time.

	Natural Language Processing
	Natural language processing means interpreting ambiguous messages into precise ones (Thakur and Kumar, 2021).
	Assessing a firm’s current and future performance from the financial statements.

	Clustering
	Clustering means classifying text documents and extracting the exciting patterns in them (Thakur and Kumar, 2021).
	Arranging the attributes of the customers that are most effective in increasing sales.

	Text Summarization
	The process of shortening the original textual data into a tiny version without losing the relevant information is called text summarisation (Thakur and Kumar, 2021).
	Copywriting to increase sales by making people aware of a product or service.



[bookmark: _Toc152011941]Advantages and Disadvantages of Using SPSS and Excel in Practical Dimensions
Advantages and Disadvantages of Using SPSS
	No.
	Advantage
	Disadvantage

	1
	Very easy to use in comparison to other statistical software.
	Quite expensive to purchase.

	2
	It is possible to import data from other sources, such as from Microsoft Excel.
	It requires added training in order to exploit all the available features available in the software.

	3
	The graphical display options are excellent and editable.
	Newer data types, such as big data cannot be analysed in this software.

	4
	A broad range of statistical models are available under one software.
	The interpretation of the findings has to be done by exporting them into other software as there is no built-in reporting feature.




[bookmark: _Toc152011942]Advantages and Disadvantages of Using Excel
	No.
	Advantage
	Disadvantage

	1
	It is easy to collect and organise data in MS Excel.
	It is quite difficult to learn all the formulas of MS Excel.

	2
	Many calculations can be done by just applying one formula and commanding them for repetition.
	Discovering and handling errors is almost impossible, or too time consuming if one applies and wrong formula.

	3
	Multiple spreadsheets can be opened in one file for ease of access at a later time.
	If someone saves a lot of data in this software, it gradually starts to perform slowly.

	4
	It can be used on not only Windows and Mac, but also on android and iOS.
	MS Excel is unfit for agile business practices.
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