



Executive Summary 	
The purpose of this report is to analyse the use of data mining within the HR sector by looking at different data mining techniques as well as the software’s which are available on the market. 
The report discusses the use of prediction within HR, which has been found useful whenever looking at the probability of employees leaving the business, with a real-life example of the technique saving company money by reducing the likelihood of staff resigning. The use of association within businesses has helped businesses to find new trends including those linking engagement to performance. This ultimately motivated business to consistently invest in employee engagement to benefit from returns of a more successful organisation performance. The report discovered while the clustering technique is mainly used as a marketing tool, it has some use within HR. Identifying and grouping employees based on their traits such as engagement levels, proved to be useful for businesses as it allowed them to better understand the needs of their employees, enhancing business performance.
The report also analyses the use of two data mining software. Weka, which is an open-source software was found to be beneficial to businesses with lower budgets due to being free and readily available. Weka was also good for businesses looking to carry out advanced data mining techniques within one software. However, it was found that the software was not able to handle large amounts of data and had low storage making it unsuitable for businesses with large amounts of data. The proprietary software, Excel, was found to be useful for businesses looking for improved organisation due to good quality graphs and visuals. However, Excel was found to be expensive due to initial software costs along with a data mining add on that would be required for businesses to perform advanced data techniques. 


















Introduction 
 This report will discuss the use of data mining within the Human Resources sector along with data mining techniques such as prediction, association and clustering. Lastly, the different types of data mining software will be compared including open-source software such as Weka and proprietary software such as Excel.
While this report is focussing on data mining in HR, data mining can be used in a multitude of sectors including finance, marketing, retail and social media (Zhao, 2013).,There are various techniques which can be used for data mining, each producing different results. (Brown, 2012) discusses three of these; prediction which uses past information to judge future scenarios, association which identifies a link between multiple variables to create a trend and finally clustering which looks at various attributes to group data together with similar characteristics. As each technique analyses data differently based on different characteristics organisations need to have a clear understanding of what knowledge they want to gain from their data so they can apply the suitable techniques. There are various data mining softwares available to carry out these techniques. (Kuar & Chopra) 2016 explain two; open-source software which is readily available for anyone to use free of charge and proprietary software which is owned by a company and requires a purchase cost before use. 




Main Findings 
Definition of data mining
Data mining refers to the analysis of data by using artificial intelligence and machine learning to collect relevant and useful information and patterns from large sets of data (Mishra et al.,2016). This can allow businesses to review market trends and customer behaviour allowing them to better target the market and set them aside from competition (Ismail, 2017).
The use of data mining in HR
Marr (2018) states that data is one of the most valuable assets Human Resources (HR) can have as the department has an abundance of data from training, absenteeism and recruitment. Marr believes that if this data is used when making decisions it can add value to a company. Data Mining Apps (2019) agree that the use of data mining within HR can be integral for a business, while data has not been maximised within HR in the past, it can help to measure performance and create team working patterns. 
Before organisations begin to use techniques to interpret their data, they must carry out a task called pre preprocessing. Harston (2018) describes this task as cleaning data to ensure it makes sense and is good quality. Harston further explains this can include data errors such as extra digits being added onto figures as well as ensuring data is collated into one place rather than over multiple sheets or tables. Once pre-processing has been completed, the data can then be analysed using prediction, association and clustering techniques. 


Prediction
Taking past events into account can help businesses to potentially predict similar occurrences happening in the future which is why prediction is an important data mining technique. Vulpen (2019) discusses the important use of predictive analytics within HR by stating that the use of well researched data-based business models can improve organisation strategies, for example reducing labour turnover. The higher an organisations turnover rate is, the more it will cost them due to recruitment, advertising and training. Campbell (2014) estimates that labour turnover costs UK businesses £4bn per year, making it important for businesses to reduce the number of staff resigning. Financial services company, Credit Sussie are an example of an organisation which uses predictive data mining strategies within their HR departments. Silverman & Waller (2015) explain how Credit Sussie used an algorithm which took employee personalities, where employees are based and the size of workforce groups into account to determine who is likely to resign in the future. The company believes that they have saved between $75 and $100 million by employing this technique.  Silverman and Waller further explain how Credit Sussie have begun to increase internal recruits and promotions resulting in 300 employees taking higher ranked positions within the company. Increasing internal promotions can reduce the number of people looking for better positions elsewhere, reducing organisations labour turnover.  



Association
While prediction has shown to be a successful data mining technique for some organisations, another technique which can be used is association. Dijk (2019) believes that this rule can help businesses find a trend between different attributes which could have continued to go unnoticed. Recognising and discovering new trends can lead to better organisational performance and help businesses to prepare new goals and strategies. Concerning HR, these association links can be used to aid employees with their career goals by matching employee characteristics to the most suitable job role available along with associating employee behaviour with performance (Jantan, Hamdan & Othman, 2011). These links can then be discussed with relevant managers to decide if any changes need to be made to ensure the organisation is getting the most out of their employees.  Levenson & Pillans (2017) discuss how shoe retailer Clarkes found a link between employee engagement and financial performance through association analytics. The study concluded that for every 1% improvement in employee engagement there was a 0.4% improvement in business performance proving that it is worthwhile for HR management to continually invest in engagement. Furthermore, the study found a link between optimum performance and the length of time a manager was employed at a particular store. This relationship showed that the best performing shops had a stable, long term management team, which Clarkes can take into future consideration whenever making decisions about rotating managers from store to store. 



Clustering
The third data mining technique that organisations can use is clustering which can help management to find hidden trends within their data by identifying data with similar attributes and grouping them together into segments (Sarkar et al, 2018).  AIHR Analytics (2019) explain how is most commonly found within marketing departments to better target their consumers, however, have said that within HR it can help organisations to match employees with specific customers to ensure maximum consumer satisfaction. ETS (2019) explain also how clustering can be used within HR by giving the example of a financial services company which used this technique to create three clusters of employees based on their performance and engagement. The first cluster was named role model leaders and these employees are highly motivated and engaged, delivering good results. The second cluster was sceptical but supported who are engaged but have a weaker overall performance. Lastly, there was disengaged and unheard who are unmotivated and hold a low reputation among management. ETS further explain how these clusters enabled the company to perform further analysis through employee surveys to gauge the most important factors which promote engagement from each cluster. As a result, this can allow the business to focus on what matters most to each of their employees which will help to boost performance and motivation throughout the workforce. 






Comparison of software
[bookmark: _GoBack]To perform data mining tasks, organisations need to use a software package. Software packages can either be open source or proprietary. Open-source software is available for anyone to use and modify due to the source code being publicly available (Opensource, 2019). An example of open source software for data mining is Weka. A main advantage of Weka is that because it is open source is it free to use which is good for organisations who want to cut costs or those who have lower budgets. Another advantage of using Weka is the large number of machine learning capabilities it has including classification, association, clustering and regression (Web Analytics, 2017).  This allows organisations to perform multiple data mining techniques within one software package, making the process faster. Brownlee (2014) states that another advantage of Weka is the graphical user interface meaning that it is easier to use as it does not require programming. This could be useful for smaller organisations who do not have large IT or analytics teams as it can be used easily without past data mining experience. While Weka has many good attributes there are also some drawbacks. Naudts, Mestra & Hoffman (2004) discuss how Weka does not work well with vast amounts of data over a couple of megabytes potentially making it unsuitable for larger organisations who hold a multitude of different data sets. Furthermore, it is explained how Weka does not have large memory meaning it could lead to error messages as memory runs out. This could make the process of data mining less efficient if data is continually having to be deleted or replaced to create more memory space. 

Proprietary software is the second type of software. This is usually owned by a company who are the only people that have access to the source code meaning any adjustments that need to be made can only be completed by them, not the public. There is also a charge to use this software unlike open-source which is free (King, 2018). Microsoft Excel, which is a spreadsheet software is proprietary software and can also be used for data mining. Contrary to Weka, Excel is not branded as data mining software, however, it is capable of analysing data sets. Cook (2016) states that one advantage of Excel is that it is capable of analysing large data sets through filtering and sorting functions to find specific information and tailor results. Lemoine (2019) describes how Excel offers great visual representations of data including a wide range of graph options making data easy to organise. This can be useful for businesses that do not have highly trained professionals to analyse data. Unlike Weka, there are apps available for Excel to download onto phones and tablets meaning people can work on the spreadsheet on the go and are not dependant on access to computers and laptops (Soffar, 2019). However, one issue that occurs frequently with Excel compared to Weka is the high risk of human error. Missing digits or incorrect formulas input by humans can drastically change analysis results, leading to inaccurate information (Denizon, 2019). Weka, on the other hand, formulates for you based on the results looking to be obtained, making it more reliable. Despite having basic data analytics functions, to perform advanced techniques such as classification, clustering and creation of decision trees, an add on must be purchased (Shah, 2017).  This cost on top of the initial cost for excel can make this an expensive option for organisations to invest in, unlike Weka high provides these advanced techniques for free. It is therefore important for businesses to analyse their budgets, staff skills and organisation needs to choose a software package most suited to their business goals.


















Conclusion 
To conclude it is evident that the use of data mining is integral to operate a successful HR sector. While HR is not the first department that is thought of when discussing data mining, it can help organisations to maximise their performance as well as add value to a company due to HR managers obtaining a multitude of vital data, which can be used to better the business. The use of data mining techniques such as prediction can potentially save an organisation money by being able to forecast who is likely to leave, helping to focus more on internal promotions to reduce advertising and recruitment costs. Organisations are also able to use data mining to enhance employee engagement to promote better performance across the company as well as focus on the factors that create a successful organisation which can be taken into consideration in the future. Clustering can also help HR managers to group employees together who share similar qualities, allowing them to tailor their approaches to suit each cluster, helping improve performance and motivation. To perform data mining tasks, an organisation can use open source software such as Weka which has a range of advanced data mining techniques such as clustering and regression meaning businesses can carry out their analysis from one software. Weka, however, may not be suitable for large businesses due to the incapability of handling large volumes of data. Alternatively, organisations can use proprietary software such as Microsoft Excel which is useful for those requiring easily organised data due to the range of graphs available. Graphs allow for an easy analysis, which is beneficial to organisations who do not have highly trained analysts. However, to perform advanced data mining techniques that Weka offers, users would have to purchase an add on, making it an expensive option. Therefore, businesses must weigh up their current position to find the correct software for their needs.
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