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01  Introduction

Human capital is one of the strategic-factors which is most important asset of any organisation, and insights into what motivates employee attrition, performance, and satisfaction have now become a strategic focus of HR management (Armstrong and Taylor, 2020). This report reports the results of a serious data analysis on the IBM HR Analytics Employee Attrition Data Set, available on Kaggle under the 1,480 employee's records (of 38 variables). Variables are Age, Gender, Marital status, Job Attribute(s) (Role, Department, Job Level), Compensation (Monthly Income, Salary Hike), Performance Indicator(s) (Performance Rating, Job Satisfaction), and Binary (Attrition, Overtime).
Business intelligence frameworks allow organisations to turn the raw HR data into workforce insights that assist with retention strategy, reward design, and workforce planning (Davenport and Harris, 2007). Predictive HR analytics - applying statistical modelling to people data - has become an essential organisational capability (Marler and Boudreau, 2017). This report uses such methods to identify structural and behavioural determinants of attrition and income among the data set.
Four analytical objectives are followed: (i) clean and prepare the dataset using Microsoft Excel; (ii) derive descriptive statistics to characterise the workforce; (iii) find patterns using visualisation using Microsoft Excel; (iv) use inferential statistical tests, namely independent samples t-test, Pearson correlation, and multiple linear regression to identify statistically-grounded conclusions about employee attrition and income drivers, similar to what would be produced using the Statistical Package for Social Sciences (SPSS) software.
02  Data Cleaning and Preparation

The dataset was imported into Microsoft Excel to check and prepare it. The 38 variables all had zero missing values with 37 of these variables were complete. Only one column -- YearsWithCurrManager -- had missing entries (n = 57; 3.85% of records). These were imputed using the median from the same column (3.0 years) as per the best practice for ordinal type variables for tenure with skewed distributions (Saunders, Lewis and Thornhill, 2019).

	Column
	Missing (n)
	% of Total
	Treatment
	Value Used

	YearsWithCurrManager
	57
	3.85%
	Median Imputation
	3.0 years


▸ Table 1: Missing value treatment. All other 37 columns have no missing values.
A number of data quality checks and transformations of structure were also performed. Whitespaces were trimmed from all the string columns. An inconsistency was pointed out by the BusinessTravel column, which has eight values referred to as 'TravelRarely' instead of the standard 'Travel_Rarely', and these were merged to maintain the categorical consistency. Three constant columns -- EmployeeCount (all = 1), StandardHours (all = 80) and Over18 (all = Y) -- were identified as uninformative and were excluded from analysis. The MonthlyIncome range: $1 009 - $19 999 was checked using the IQR method but did not allow for any extreme outliers to be corrected. A binary Attrition variable (Yes=1, No=0) was created for correlation analysis purpose.
03  Descriptive Statistics and Summary

— 3.1  Numerical Variables
Table 2 shows the descriptive statistics on some of the important numerical variable(s). The mean age of the workforce is 36.92 years (SD = 9.13) with all ages between 18 and 60 indicating a wide distribution of age. Monthly income has an average of $6,505 (SD = $4,700) with a strongly right-skewed distribution - the median of $4,933 is much lower than the mean, suggesting a mass of lower earners and a tail of highly paid managers and directors. Job satisfaction is on average 2.73 out of 4 (SD=1.10), which is moderate but not high for workforce satisfaction. The average of 7.01 years at the company shows a relatively experienced workforce, and the average work-life balance of 2.76 out of 4 shows that there is room for improvement.

	Variable
	Mean
	Median
	Std Dev
	Min
	Max
	

	Age (years)
	36.92
	36.00
	9.13
	18
	60
	

	Monthly Income ($)
	6,505
	4,933
	4,700
	1,009
	19,999
	

	Job Satisfaction (1-4)
	2.73
	3.00
	1.10
	1
	4
	

	Years at Company
	7.01
	5.00
	6.13
	0
	40
	

	Work-Life Balance (1-4)
	2.76
	3.00
	0.71
	1
	4
	

	% Salary Hike
	15.21
	14.00
	3.66
	11
	25
	


▸ Table 2: Descriptive statistics for important numerical variables (n = 1,480).
— 3.2  Categorical Variables
The breakdown of dataset is three different departments namely, Research & Development (65.3%), Sales (30.4%) and Human Resources (4.3%). Overall attrition rate is 16.08% (238 of 1,480 employees), which is quite high given industry standards at 10-15% for knowledge-intensive industries (CIPD, 2023). The workforce is composed of 60% males and 40% females. A significant 28.2% of employees work overtime, with a figure that has meaningful ramifications in attrition and satisfaction as studied in the trend analysis. Marital status is spread out with Married (45.9%), Single (32.0%), and Divorced (22.2%). Full distribution charts can be obtained in the Excel workbook (Descriptive Stats sheet).
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	Variable
	Category
	Count
	Share

	Attrition
	No (Retained)
	1,242
	83.9%

	
	Yes (Left)
	238
	16.1%

	Department
	R&D
	967
	65.3%

	
	Sales
	450
	30.4%

	
	Human Resources
	63
	4.3%

	Gender
	Male
	889
	60.1%

	
	Female
	591
	39.9%

	OverTime
	No
	1,062
	71.8%

	
	Yes
	418
	28.2%


▸ Table 3: Distribution of important categorical variables.
04  Trend Analysis And Visualisation

Excel charts were generated to find patterns in the attrition and income and demographics. Few (2012) says well-designed visualisations identify operational patterns more efficiently than data in tables, meaning that strategic insight is gained faster.
— 4.1  Attrition Rate by Department
Attrition rates vary significantly between departments. Sales has the highest attrition rate which is 20.67%, followed by Human Resources (19.05%) and Research & Development (13.75%). Sales roles are characterised by high performance pressure, target-driven culture and external recruitment demands - all factors that have been found consistently linked to increased turnover in the literature (Mitchell et al., 2001). The lower attrition rate in R&D department may be an indication of a greater internal career pathway and higher retention due to the focus on specialisation.
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	Department
	Attrition Rate (%)
	Employees (n)

	Sales
	20.67%
	450

	Human Resources
	19.05%
	63

	Research & Development
	13.75%
	967


▸ Table 4: Attrition rate by department. Source: Excel Trend Analysis Chart A.
— 4.2  Overtime and Attrition
It is the more striking result in the trend analysis for the overtime and attrition relationship. Employees who work overtime have an attrition rate of 30.62% -- almost three times the attrition rate of non-overtime employees (10.36%). This pattern is very strong, implicating work overload as a structural cause of voluntary turnover. Schaufeli and Bakker (2004) list sustained work demands that exceed the resources of one's employees as one of the significant antecedents of burnout and ultimately resignation. Chart B in the Excel file shows this difference using a column chart.
[image: ]
3×  Key Finding — Overtime & Attrition
 Overtime workers are 3x more likely to leave than non-overtime employees — the most predictive factor of attrition in the data.
— 4.3  Average Income by Job Role
There is a strong degree of income stratification between job roles. Managers ($17,182) and Research Directors ($16,034) are paid the most, while Sales Representative ($2,630) and Laboratory Technicians ($3,239) are the lowest paid. This 6.5x income gap between the highest and lowest paid roles reflects the seniority and specialisation premium that is so common in corporate hierarchies (Milkovich, Newman and Gerhart, 2016). This hierarchy is visualised very well in Chart C (horizontal bar chart) in the excel file.
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— 4.4  Age vs Income Scatter Plot
A scatter plot of the age of the employees versus the monthly income (n = 300 sample, Chart D) shows a reasonably large positive relation where income tends to be greater as age gets more, but a fair amount of variance exists at all levels of age. Younger employees (18-30) tend to be concentrated at the lower income levels and higher income earners tend to be between 35-55 years of age. This visual pattern is consistent with the Pearson correlation of r = 0.498 confirmed in Section 5, the income premium linked to accumulated professional experience.
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05  Statistical Analysis Using SPSS

— 5.1  Independent Samples T-Test
Independent samples t-test was performed to determine if there was a significant difference between monthly income of employees who left (Attrition = Yes) and those who stayed (Attrition = No). The null hypothesis (H0) was no significant difference in mean income of the two groups.

	Statistic
	Value
	Interpretation

	Attrition=Yes — Mean Income
	$4,812.58
	n = 238

	Attrition=No — Mean Income
	$6,829.29
	n = 1,242

	Mean Difference
	$2,016.71
	Leavers earn $2,016 less on average

	t-Statistic [?]6.1385
	—
	Negative — leavers earn significantly less

	p-Value (2-tailed)
	< 0.000001
	Highly significant (a = 0.05)

	Decision
	Reject H0
	Income is an important attrition factor


▸ Table 5: Results of Independent Samples t-Test — Monthly Income by Status of attrition.
The result t(1478) = [?]6.14, p < 0.001 confirms that the earned income of employees who left were significantly lower than those who stayed. The $2,017 mean income gap is practically as well as statistically significant suggesting that compensation inadequacy is structurally driving voluntary turnover (Trevor, Gerhart and Boudreau, 1997). The null hypothesis has been rejected.
— 5.2  Pearson Correlation Analysis
Pearson's r was calculated between 6 numerical variables. The highest ranking relationships are: Age and MonthlyIncome (r = 0.498) -- moderate-to-strong positive indicating the income-experience premium; YearsAtCompany and MonthlyIncome (r = 0.515) -- this is the strongest bivariate relationship, reflecting organisational tenure rewards; Age and YearsAtCompany (r = 0.311) -- this is logically consistent with the older a person is, the longer they have been with the organisation. Of note, JobSatisfaction has near zero correlations with income (r = [?]0.009), which might suggest that satisfaction is motivated by non-monetary factors -- consistent with Herzberg's two-factor theory of motivation (Herzberg, Mausner and Snyderman, 1959).

	Variable Pair
	r Value
	Strength
	Direction

	Age — MonthlyIncome
	0.498
	Moderate-Strong
	Positive

	YearsAtCompany — MonthlyIncome
	0.515
	Moderate-Strong
	Positive

	Age — YearsAtCompany
	0.311
	Moderate
	Positive

	JobSatisfaction — MonthlyIncome
	[?]0.009
	Negligible
	Negative

	WorkLifeBalance — MonthlyIncome
	0.030
	Negligible
	Positive


▸ Table 6: Selected Pearson correlations. All r [?] 0.30 significant at p < 0.001.
— 5.3  Multiple Linear Regression
Multiple linear regression was used with MonthlyIncome as the dependent variable and Age, YearsAtCompany, and TotalWorkingYears as the predictor. The result of this model was R2 = 0.5981, i.e. 59.8% of the variance of monthly income is explained -- this is a very strong result for a people data model. The regression equation is: Income= $1,812.80[?] 22.23(Age) + 31.77(YearsAtCompany) + 468.91(TotalWorkingYears). Total working years by far is the most important predictor (b = +468.91), with which the total amount of earnings increases by almost $469 for every additional year of career working experience. This represents the high market premium on aggregate expertise by industry (Becker, 1964).

	Predictor
	b Coefficient
	Interpretation

	Intercept
	$1,812.80
	Baseline income with all predictors = 0

	Age
	[?]$22.23
	Slight negative after controling for experience

	Years at Company
	+$31.77
	Modest loyalty premium based on # of years of employment

	Total Working Years
	+$468.91
	Dominant driver — career experience premium

	R² (Overall Fit)
	0.5981
	59.8% of variance (in income) explained


▸ Table 7: Multiple Regression output. Dependent variable: MonthlyIncome ($).
The counter-intuitive negative coefficient for Age ([?]$22.23) when TotalWorkingYears is controlled reflects the multicollinearity between age and experience -- once career experience is accounted for, additional age years add marginally. A standard feature of regression models with correlated predictors, Montgomery, Peck and Vining (2012) say this doesn't invalidate the overall explanatory power of the model.
06  Insights and Recommendations

FINDING 1    Overtime is single strongest behavioural attrition signal
With the 30.62% attrition rate for overtime workers as compared to the 10.36% for others, the data powerfully implicates overwork as a retention risk. Organisations should audit the distribution of overtime, have mandatory rest policies and proactively monitor signs of burnout (Schaufeli and Bakker, 2004).
FINDING 2    Lower-paid employees leave at much higher rates
The $2,017 per year income difference between leavers and stayers (t = [t6.14 (6.14), p < 0.001]) confirms that compensation was a structural contributor to attrition. Total rewards reviews focusing on below-median income roles -- especially Sales Representatives and Laboratory Technicians -- would get straight down to the issues.
FINDING 3    Career experience, not tenure or age, drives income
TotalWorkingYears (b = +$469 per year) has much greater power than YearsAtCompany (+$32) in the regression model (R2 = 0.598). This implies that organisations compete using market rate against each other for experienced hires instead of rewarding loyalty. Structured internal career progression frameworks would be a mitigation for this.
FINDING 4    Job satisfaction is not related to income
The near-zero correlation (r = [?]0.009) between satisfaction and income is suggestive of non-monetary drivers -- autonomy, recognition, work-life balance -- as the key drivers of satisfaction. This coincides with Herzberg's two-factor theory of the factors that motivate a person (achievement, responsibility, or genuine interest) as contrasted with those that must be present to avoid dissatisfaction (hygiene, or pay).
Limitations: The dataset is cross-sectional, so it is not possible to make causal inferences with respect to attrition. With 1,480 records of one nameless company, generalisability is limited. The model of regression, though explaining 59.8% variance of income, excludes key explanatory variables of income like industry sector, history of negotiation and interaction effect of performance ratings. A more complete model of attrition needs to include longitudinal data and exit interview qualitative information (Marler and Boudreau, 2017).
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