
  

   

 

 

1. Introduction  

Today, organizations should be dynamic and flexible, because of development of potential markets, 

unpredictable environmental changes, increased competition, and enhanced innovation [1]. Dynamic 

environment arisen by modernization underlies new challenge for personnel selection which leads 

organizations to ignore traditional approaches and lean to modern ones. Consequently, job positions are 

not meant to be specified and predefined anymore. Therefore, flexible individuals are more appealing 

[2]. Personnel create organizational culture which is a factor that is taken into account because of its 

impact on corporate organizational performance [3]. So, Personnel selection plays a crucial role in 

human resource management. Many researchers namely [4, 5] reviewed personnel selection studies and 
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A B S T R A C T P A P E R    I N F O 

This study aims to identify and employ qualified individuals and assign different 

organizational positions. Accordingly, a data mining approach is proposed. This paper 

presents an empirical study which has important practical application in modern human 

resource management. Therefore, effective features on staff selection are extracted from 

literature and entered into the database after expert approval respectively. Further, the 

impact of each feature on staff selection is determined and the ability of applied 

classification algorithms is compared. The results represent that the organizational 

position feature has a great impact on forecasting of selection or rejection. Data mining 

algorithms used in this study have acceptable performance based on accuracy rate, and 

J48 algorithm performs better comparing to other algorithms based on accuracy rate, 

recall, F-measure and area under Receiver Operating Characteristic (ROC) curve. Three 

features of background, level of education, and major are identified as effective features 

in association rules. Finally, an approach is presented for applying data mining 

algorithms in employees hiring and organizational positions assignment procedure. 
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concluded that features, including changes in enterprises, job position, employees, regulations and 

market, effect on staffing and recruitment [6].  

Recruitment procedure can be defined as finding qualified individuals in compliance with organization 

requirements. Regarding to this, recruitment can be effective on growth of an organization. Recruitment 

is threshold of providing new workforces which can subordinate quality of human resource. Hence, 

staffing and selection can be considered as a competitive advantage for array of organizations from 

private companies to public sector whether domestic institutions or international enterprises [7]. 

Nowadays, there exist numerous similar companies, thus adopting efficient approaches and methods to 

achieve more market share is needed more than past. Suitable and qualified human resource can be a 

remarkable preference. Since, employee selection process depends on various features and parameters, 

job assignment and selection of undesirable individuals is fairly possible. Hence, determination of an 

ideal solution to provide human resource, recruitment and organizational position designation is vital.  

In other hand, exploratory data analysis methods are being increasingly popular to handle the vast 

amount of data [8]. Data mining is one of the most important and applicable exploratory data analysis 

methods. Data mining analyze data to extract the knowledge and discover unfamiliar events, similar 

patterns, and relationship between data [9].  

Published papers in this research area are mostly divided into, recruitment and selection, training and 

development [10], retention and turnover [11], performance management [12] and papers which are 

studied less frequent are categorized as others. This paper mainly concentrates on personnel selection. 

Consequently, corresponding researches are reviewed in detailed. Also, the related studies are compared 

with current research in Table 1.ome researchers, like [13] and [14] used multi-criteria decision making 

methods for personnel selection problem. Chien and Chen [6] used data mining for personnel selection 

and permanency prediction in high-tech industry. Thus, a decision tree and association rules is 

conducted [6]. Jantan et al. compared different classification algorithms according to accuracy rate and 

concluded J48 decision tree outperforms in employee’s performance prediction [15]. Chen and Chien  

proposed an approach for personnel selection in high-tech industry which is a combination of rough set 

theory, support vector machine and decision tree [16]. Strohmeier and Piazza studied human resource 

management researches based on data mining approach. In this research, they studied papers from 

different dimensions including performance, methodology, data, system, user and logic [17]. Gupta and 

Garg  rules [18] associated with applicants are weighted to prioritize job positions and a list of ranked 

jobs is then recommended to candidate. Sharma and Goyal proposed a decision tree and a naïve Bayes 

to evaluate academician’s performance [19]. Sebt and Yousefi compared two approach of regression 

and data mining in determination of criterion effecting on personnel selection [20]. Results represent 

that test score, interview score, level of education, professional experience and service location are 

effective factors [20]. Mishra [21] used several classification algorithms in order to find well-fitted 

model to predict prone students for employment. They divided effective criteria into personal profile, 

academic information and emotional skills categories. They showed, J48 decision tree is the best suited 

algorithm [21]. Kirimi and Moturi [22] investigated several attributes and implemented ID3, Naïve 

Bayes and J48 algorithms to predict employee’s performance. They found out that experience, age, 

gender, qualifications, training and performance score have the major impact on employee’s 

performance and J48 decision tree performs best with the highest accuracy [22]. Kamatkar et al. [23] 

also studied the same problem as Kirimi and Moturi [22] and compared classification algorithms namely 

ID3, k-Nearest Neighborhood and J48. They showed J48 decision tree is more accurate. 
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Table 1. Literature review. 

 

According to research literature, contributions of current study are as follow: 

– This research studies all features integrated which have not been considered in previous papers.  

– According to the literature review, accuracy rate is the most frequent evaluation criterion 

considered in researches. Therefore, this article considers three other evaluation criteria to 

distinguish the proposed algorithms precisely. 

– Both criteria support and confidence are considered in order to identify the best association 

rules. Support criterion have not been studied in similar research. 

– Due to various algorithms are different in structure and function which might lead to particular 

results, six algorithms are presented and the results are compared. 

– A new approach to the application of data mining in the process of recruitment and assignment 

organizational position is presented. 

 The main question of this research is that, how data mining can be conducted in recruitment and 

organizational position assignment? 

However, some other secondary questions are:  

– How are the impact of each features on personnel selection? 

– Do classification algorithms have acceptable accuracy to predict qualified employees for 

selection? 

– Which algorithm outperforms the others? 

– Which rules can be considered for organizational position assignment? 

Regarding to this, after introduction, materials and methods are proposed, furthermore, results are 

discussed. Eventually conclusion remarks and further research works are presented. 
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2. Materials and Methods 

Data mining is the process of data analysis and summarizing it as an important information in order to 

discover hidden patterns [24] which has received attention for converting irrelevant data to useful and 

acceptable information and it is also being called knowledge discovering [25]. Data mining is the tool 

of utilizing and exploiting useful information from a large volume of data. Due to considering data 

mining approach, existing hidden knowledge in datasets can be found. Data mining algorithms is 

categorized to clustering, classification, association rules, sequential patterns, estimation and prediction 

[26]. Though, this research has taken advantage of classification and association rules. 

2.1. Classification Algorithms 

Classification algorithms are commonly used data mining techniques and categorized as supervised 

learning techniques. These algorithms determine value of label variable and classify data according to 

results [27]. Classification algorithms apply to predict data classes (labels). These algorithms is well 

diversified which this research has addressed the most important ones as follow: 

2.1.1. Logistic regression 

It is known as statistical method to classify data according to input values. Logistic regression process 

begins with developing set of equations, which links input values to probability of each output classes. 

Placement probability of each sample in each target classes ought to be then calculated and the target 

class with the highest probability would be considered as predicted output. Generally, logistic regression 

can be applied when the variables are independent, numerical or nominal and the output variables are 

defined as binary [28]. 

2.1.2. Neural network 

It is a data processing system acting like biological neural networks. Neural networks follow numerous 

related artificial graph edges. This method develop modelling by receiving input variables and values 

and changing parameters continuously [29]. Neural network is applicable for developing a prediction 

model which presents more accurate models despite the fact that it is time-consuming and leads to more 

costs. Discrete and continuous data both can be used as input values in neural networks after converting 

to binary format. Also, neural network can be applied to solve approximation and estimation problems 

which shows the results in continuous form [30].  

2.1.3. K-nearest neighborhood (KNN) 

A method to classify instances of a set which are located in a proximate distance and having a particular 

characteristics. Generally, this algorithm tries to minimize distances of data points in an appropriate 

class while it is maximizing distance between classes. This algorithm is quite understandable and 

usually takes less efforts for parameter tuning. Moreover, this algorithm is an efficient and robust 

approach against nuisance in dataset [31]. 

2.1.4. Support vector machines (SVM) 

This classification method tends to calculate the maximum distance of an estimated hyperplane from 

data points called margin. Margin is determined by the nearest data point of each classes to the 
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hyperplane. Support vector machines can be implemented on both linear and non-linear solution space. 

Non-linear problems ought to be transformed with mapping given data into a space with higher 

dimension. Support vector machines are typically used for binary problems but it is also usable for 

problems with multiple decision values [31]. 

2.1.5. Bayesian 

Bayesian method is a simple technique of probable classification [32]. This algorithm consider that all 

input criteria in dataset are independent [33]. 

2.1.6. J48 decision tree 

Decision tree is one of the famouse classification algorithms [34]. This algorithm is a simple 

implementation of the C4.5 decision tree [35]. J48 develop a decision tree from training data respecting 

to criterion values and classify label variable [36]. 

2.2. Association Rules Mining 

Association rules mining was introduced by [37] for the first time. Association rules mining is one of 

the most important data mining techniques which consist of two stages:  

 Generate the frequent item sets according to minimum support. 

 Extract association rules with minimum confidence [38]. 

2.3. Methods 

This research includes several stages to implement suggested approach which is shown in Fig. 1. 

Further, each phase is defined in detailed. 

2.3.1. Problem description and objective structure 

Regarding to importance of personnel selection and organizational position assignment, the objective 

of this study is prioritizing effective features on personnel selection, assessing performance of data 

mining algorithms in predicting selection and evaluating association rules related to organizational 

position assignment. 

2.3.2. Effective features extraction and data collection 

Through, reviewing previous researches and inquiring expert’s viewpoint, features for predicting 

personnel selection are extracted. Data base can be compiled by organizational information about 

employees respecting to chosen features. Label variable (selection/rejection) is denoted by senior 

manager. Due to this, a list of staff names was given to the senior manager and satisfaction or 

dissatisfaction from each employee was determined. After data collection, data preparation including 

estimation of missing values and data normalization is used to improve performance of the algorithms. 
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  Fig. 1. Steps of research. 

 

2.3.3. Determining impact of features 

Various methods can be adopted to determine weight of features. Therefore, two methods of feature 

selection in data mining known as information gain and gain ratio are used in this research. Feature 

selection methods select a subset of effective features from the original features set [39]. Simplicity, 

independency from prediction model and interpretable output are the advantages of these algorithms 

[40] which are calculated by Entropy. 

2.3.4. Applying classification algorithms 

In order to forecast the class label, different algorithms are tested. Therefore, K-fold cross validation 

has been utilized. K-fold cross validation is an iterative algorithm. This algorithm separates into K folds 

which has equal number of records. This algorithm continues to run on training sets and it will terminate 

when all k folds are considered as a testing set [41]. An optimal number for K is usually suggested to 

be 10 when model is developed for screening and feature selection [42]. So, we dedicated a 10-fold 

cross validation for this problem and efficiency of algorithms is assessed by different evaluation 

methods. These methods include scalar and graphical methods [43]. Scalar methods such as accuracy, 

F-measure, and graphical methods such as area under ROC curve.  Algorithm performances are assessed 

by accuracy rate, recall, F-measure and ROC which are following as: 

 Accuracy: This is one of the criteria for evaluating classification models, which is equal to the percentage 

of observations that are properly categorized by the method used [44]. Accuracy is calculated as follow 

(Eq. (1)). 

 

Overall accuracy= 
TN+TP

TP+FP+FN+TN
.  

FP is the number of the non-fault-prone instances that are misclassified as the fault-prone class. FN is 

the number of the fault prone instances that are misclassified as the non-fault-prone class. TP (true 

positive) is the number of correctly classified positive or abnormal instances. TN (true negative) is the 

number of correctly classified negative or normal instances. TN rate measures how well a classifier can 

recognize normal records. It is also called a specificity measure. 

– Recall (Sensitivity): TP rate measures how well a classifier can recognize abnormal records. It is 

also called sensitivity measure and calculated according to Eq. (2). 

Recall =
TP

 FN+TP
.  
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– F-measure: This criteria analyzes the effectiveness of data mining techniques and, according to Eq. 

(3), comes from the mean harmonic between Precision (Eq. (4)) and Recall (Eq. (2)) [45]. 

F-measure = 2* 
Precision∗Recall

Precision+Recall
, 

Precision = 
TP

FP+TP
. 

  

– Area under ROC curve (AUC): The area under the ROC curve is a composite criteria indicating that 

the model chooses a positive position to the negative position as much as possible. The maximum is 

1, and the lowest is 0.5. This criteria shows the performance of the algorithm [44]. 

2.3.5. Association rules analysis 

As mentioned in previous section, association rules is genuinely an important approach which deals 

with discovering unknown pattern through dataset. In this research, we examined this approach in order 

to find existing correlations of organizational position assignment. Due to this, organizational position 

assignment is the label variable and other features are considered to be the effective features. 

Confidence and Support are two main criteria for evaluating rules. Confidence describes a conditional 

probability of variables occurrences. While, support represents a percentage of records being incurred 

jointly together from total frequency [46]. We considered 0.2 and 0.9 as a lower bound for support and 

confidence respectively which means rules with higher coefficients are recommended. 

2.3.6. Presentation of a new approach for personnel selection and prediction of organizational 

positions 

According to results, new approach for personnel selection and prediction of organizational positions 

is presented to use for similar researches or to be support decision tool for managers. 

3. Results and Discussion 

Data mining process and modelling are implemented on a collected data which is related to Mammut 

industrial complex staffs. Mammut industrial complex was established in 1991 tended to design and 

manufacture different rang of trailers, cargo, commercial vehicle applications and building systems 

[47]. Due to importance of human resource and recruitment of desirable individuals, Mammut Company 

considers employment of qualified staffs as one of the key factor in human resource management. 

Defined phases in methodology section are implemented on collected data from this company which 

are descripted below. 

3.1. Effective Features Extraction and Data Collection 

As mentioned former, previous papers and expert’s comments can be applied in identifying effective 

features on selection or rejection employees. Features are represented in Table 2. Accordingly, staff 

information of Mammut company are extracted and compiled as a dataset. 
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Table 2. Details of features. 

Variable Description Type Value 

Age - Continuous ]20,70[ 

Gender - Binary Male Female 

Marital status - Binary Single Married 

 

Experience 

Individual’s 

working 

background 

Continuous 

 

[0,20] 

 

 

Degree 

Level of 

individual’s 

education 

 

Discrete 

 

High 

School 

 

Diploma 

 

Associate 

 

Bachelor 

Master 

and 

Above 

 

Major 

Field of 

individual’s 

study in 

educational 

centers and 

institute 

 

Discrete 

 

Engineering 

 

Management 

 

Technician 

 

General 

 

Other 

Recruitment 

channel 

Admission/ 

recruitment 

procedure 

 

Binary 

 

Introduced 

 

 

Interviewed 

Organizational 

position 

Individual’s 

responsibility 

in organization 

 

Discrete 

 

Worker 

 

Supervisor 

 

Expert 

 

Manager 

3.2. Determining Impact of Features 

Information gain and gain ratio are the two approaches used to evaluate weight of each feature. The 

results are shown in Table 3. Regarding to information of Table 3, organizational position is considered 

as the most weighted feature which indicates the importance and sensitivity of organizational position 

in personnel selection. On the other hand, gender is the least weighted feature reflecting that gender is 

not very influential on individual selection or rejection. 

Table 3. Impact of attributes on personnel selection. 

Feature Weight (Information gain) Weight (Gain ratio) 

Age 0.155 0.288 

Gender 0.012 0.016 

Marital Status 0.054 0.07 

Experience 0.191 0.191 

Degree 0.134 0.191 

Major 0.397 0.163 

Recruitment Channel 0.024 0.033 

Organizational Position 0.791 0.379 
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3.3. Applying Classification Algorithms 

Various classification algorithms are used on dataset and the results are shown in Table 4. Algorithms 

are evaluated by accuracy rate, recall, F-measure and ROC. As it is shown, all algorithms have 

acceptable accuracy. Logistic regression and J48 decision tree are the two algorithms with equal F-

measure criteria but according to ROC, J48 decision tree and SVM have better performances. Due to 

better distinction, a column chart is presented as Fig. 2. Therefore, respecting to three evaluation criteria, 

J48 decision tree have the best performance. 

Table 4. Performance of classification algorithms. 

Algorithm Accuracy Recall F-measure ROC 

Logistic Regression 0.95 0.92 0.95 0.91 

Neural Network 0.92 0.91 0.92 0.93 

KNN 0.83 0.83 0.83 0.91 

SVM 0.94 0.92 0.94 0.94 

Naïve Bayes 0.91 0.91 0.91 0.87 

J48 Decision Tree 0.95 0.93 0.95 0.94 

 

 

Fig. 2. Comparison of algorithms performances. 

 

3.4. Association Rules Analysis 

According to defined features, rules associated with organizational position assignment are extracted. 

Rules with the most support and confidence coefficients are listed in Table 5. Also, the effective features 

related to job positions are illustrated in Fig. 3. 
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Table 5. Association rules for organizational position assignment. 

No. Rule 
Organizational 

Position 
Confidence Support 

1 𝐼𝐹 2 ≤ 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≤ 7, 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝐵𝑎𝑐ℎ𝑒𝑙𝑜𝑟 Expert 0.95 0.247 

2 𝐼𝐹 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≤ 19, 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝐻𝑖𝑔ℎ 𝑠𝑐ℎ𝑜𝑜𝑙 & 𝑏𝑒𝑙𝑜𝑤 Worker 1 0.223 

3 𝐼𝐹 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≥ 11, 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝐵𝑎𝑐ℎ𝑒𝑙𝑜𝑟 Manager 0.93 0.383 

4 
𝐼𝐹 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≥ 15, 𝑀𝑎𝑟𝑖𝑡𝑎𝑙 𝑠𝑡𝑎𝑡𝑢𝑠

= 𝑀𝑎𝑟𝑟𝑖𝑒𝑑, 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝐷𝑖𝑝𝑙𝑜𝑚𝑎 
Supervisor 0.97 0.367 

5 𝐼𝐹 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≥ 8, 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝑚𝑎𝑠𝑡𝑒𝑟 & 𝑎𝑏𝑜𝑣𝑒 Manager 0.95 0.261 

6 

𝐼𝐹 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝐵𝑎𝑐ℎ𝑒𝑙𝑜𝑟, 𝑅𝑒𝑐𝑟𝑢𝑖𝑡𝑚𝑒𝑛𝑡 𝑐ℎ𝑎𝑛𝑛𝑒𝑙

= 𝐼𝑛𝑡𝑒𝑟𝑣𝑖𝑒𝑤, 𝑀𝑎𝑗𝑜𝑟

= 𝐸𝑛𝑔𝑖𝑛𝑒𝑒𝑟𝑖𝑛𝑔 

Expert 0.92 0.253 

7 
𝐼𝐹 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝑀𝑎𝑠𝑡𝑒𝑟 & 𝑎𝑏𝑜𝑣𝑒, 𝑀𝑎𝑗𝑜𝑟

= 𝑀𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡, 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≥ 6 
Manager 0.98 0.246 

8 
𝐼𝐹 𝐷𝑒𝑔𝑟𝑒𝑒 = 𝐵𝑎𝑐ℎ𝑒𝑙𝑜𝑟, 𝑀𝑎𝑗𝑜𝑟

= 𝐸𝑛𝑔𝑖𝑛𝑒𝑒𝑟𝑖𝑛𝑔, 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≥ 5 
Supervisor 0.96 0.325 

9 𝐼𝐹 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒 ≤ 5, 𝑀𝑎𝑗𝑜𝑟 = 𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑖𝑎𝑛 Worker 1 0.314 

 

 

Fig. 3. Effective features on organizational position assignment. 

However, operator job position is not addressed by any of the recognized rules. This can be emanated 

from insufficient volume of data related to this job position or dependency of this position to other 

variables such as skill which is difficult to assess. As shown in the rules, two features of experience and 

degree can be negated in some job positions like supervision and management. For instance, individual 

“A” possessing 6 years of experience with bachelor degree in engineering and individual “B” married 

with diploma degree and possessing 17 years of experience both are qualified for supervision. So such 

trade-offs can be made by decision makers. Moreover, experience, education, and major are recognized 

as effective features. 
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4. Conclusion 

Importance of individual’s competency in employment and job assignment is well known which 

inappropriate individuals or turn over can impose overwhelming costs to an enterprise. Hence, this study 

aims to weight effective features, evaluating performances of different data mining algorithms in 

predicting individual’s selection or rejection and analyzing rules related to eligibility of organizational 

position assignment. The results represent that the organizational position weights the most among other 

features. This can be inferred that an individual might perform well either as an expert but as a 

supervisor cannot succeed that it is a logical result. Due to assessing performances of algorithms in 

predicting employee’s selection or rejection, various data mining algorithms is considered which 

proposed acceptable accuracy. Also, these algorithms are evaluated by accuracy rate, recall, F-measure 

and ROC which J48 decision tree is introduced as the best. Respecting to organizational positions, rules 

are extracted and impact of each feature on position assignment is considered. As results demonstrated, 

data mining algorithms can be applied as decision making supporting tools for predicting individual’s 

selection or rejection and designating them to different organizational positions. Figure 4 illustrates the 

procedure of applying data mining algorithms for employee recruitment and organizational position 

assignment. Therefore, due to decision making related to human resource management, a mechanized 

and intelligent method can be used along with experts and board of director viewpoints in enterprises.   

Other extensions of the current research can be carried out by considering different features such as 

academic grades, physical condition or disability, training courses and certificates or motivational and 

environmental features which might be effective on predicting employee recruitment and job 

assignment procedure. Also, it is possible to use other data mining methods such as clustering in order 

to identify similar groups with similar interests and characteristics and aid human resource managers to 

plan for corresponding services. Presented approach can be developed for example expert system of 

human resources management by data mining that include all aspects of human resources management. 

 

Fig. 4. Suggested procedure. 
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