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Abstract

This study aimed to analyze the impact of overtime work on the tenure of employees using the Kaplan-Meier method. The data
used in this research encompassed employees’ tenure records and their overtime work status in a specific company. Utilizing the
Kaplan-Meier method, the analysis revealed that employees engaged in overtime work exhibited a tenure ends probability higher
than those who does not. The Kaplan-Meier Survival Analysis shows a much steeper step-down probability for Overtime than
those who don’t. Despite the substantial disparity in tenure probabilities on the graph, furthermore statistical analysis (log-rank
test) indicated that an employee engaged in overtime work did significantly influence the duration of their tenure. These findings
provide crucial insights into workload during overtime and overtime work policies within organizations could affect the employee
significantly.
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1. Introduction

Employees are a crucial element in company operational and growth. The relationship between employees and the
company is a mutualistic or mutually beneficial relationship; the employees give what it has in terms of thoughts and
abilities, and then the company pays them with wages. Employees are responsible towards company productivity
through targeted goals or responsible given. However, difficulty in the process and company’s increased need of
productivity could occur, forcing the employees to work extra outside their business hours. This results in excessive
working hours accumulated called overtime. Overtime is when an employee has accumulated work hour more than 40
hours in a week or more than accumulated work hour per week as written before in the contract and the company is
responsible for paying extra wage as a compensation (Thomas, 1992). Working overtime and get paid more sounds
like an extra gain for the employees although the downsides were also increased. Employees who work overtime
means that more hours spent under work pressure can cause stress and burnout, all of which leads to exhaustion. The
significant effects of fatigue from overtime work could be seen from their lack of attentiveness. This certainly cause
declining on focus and productivity as been studied by Tuti Surmaningsih, the productivity on an overtime shift tends
to decrease by 11,8% rather than normal shift (Hanna, et al., 2005). The lack of focus and attention are also the
exposing employees in a hazardous state of workplace incidents, as employees who experience fatigue from overtime
are at risk of almost 3 times to experience workplace accidents compared to workers who do not experience any
fatigue (Okumus, et al., 2023). Both major issues on overtime could trigger a chain reaction on the employee years of
work in a company due to possibly laid off for decreased productivity, injuries from workplace accidents and any
stress-related issues.

Based on the problems mentioned before, therefore become the main issues this research to find out if overtime
could affect employee’s years of work within a company is conducted. In this study, the method applied is the Kaplan-
Meier survival analysis method to calculate the chances of employee surviving through a certain period of years
working and is classified based on 2 groups, namely the accepting overtime work group and refused to working
overtime group. Kaplan-Meier analysis is mainly used on studies related to chance of subjects to survive throughout
period of time (Rich et al., 2010). The distinguishable main features on Kaplan-Meier are the declining staircase plot
describing the probability to survive over the duration of time. The usage of Kaplan Meier method on employee years
of work based on overtime availability is mainly inspired to previous study in a related field, which used Kaplan-
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Meier on employee years of work based on gender and positions until their voluntary turnover (resign) (Morita et al.,
1989).
Based on the background of the above problem, the problem formulation in this study is:
a) Can Kaplan-Meier method be applied to properly described the probability of overtime and non-overtime
employee’s years at work?
b) Does overtime significantly affects employee’s years at work?
Based on the problem given above, the purpose of this study is to finding out that:
a) Applicating Kaplan-Meier survival analysis to describes the likelihood of an employee's longevity of
employment based on their availability to work overtime.
b) Determining the impact of overtime towards employee’s years at work
Based on the problem given above, the benefit of this study is to finding out that:
a) To contribute scientific research on human resources field studies on overtime issues
b) To contribute on socializing the effects of working overtime
The problem limitations is the dataset used in the study is a secondary data gained from a company, couldn’t be
generalized 100% correctly in any company or situations.

2. Literature Review
2.1. Survival Analysis

Methods include: the stages and formulas that are used in data analysis, arranged sequentially step by step. Survival
Analysis is a statistical procedure to analysing the probability of time until the desired events occurred within a
certain period of date, the events occurred could be death, failure or any endpoint regarding fields of study (Kleinban
& Kilein, 2012). To sterilize the data from other occurring events and incomplete observations, data censoring is a
necessary step to reduce biased and incorrect conclusions. According to Klein & Moeschberger, there are 3 main
censors in survival analysis (Klein & Moeschberger, 2003):

a) Left-Censored: An observation is considered left-censored when the observed event occurs before the beginning
of the specified time observation period.

b) Right-Censored: An observation is right-censored when the subject being studied isn’t experiencing the events
after the specified time period or disappeared from observation before the end of the specified observation period.

¢) Interval-Censored: Observations are interval-censored when the other events rather than the main occurs under
the period between two specific observation time points.

The general mathematical model for given survival probability of a subject after t period of time according to
Kleinban & Klein, 2012.

S =P(T>t),t=0
St)=1—-F()
Whereas,S(0) = 1 and tli_)ngo St)=0

Where,
S(t) : Probability on surviving before t time
F(t) : Cumulative Probabilities on events occurring to subjects in t time
P(T>t1) : Probability that the event occurs before t time

2.2. Kaplan-Meier

The Kaplan-Meier method was first introduced by Kaplan and Meier in 1958. The Kaplan-Meier method is a non-
parametrical modification of the survival function used to overcome the problem of incomplete data (Zee & Xie,
2018). Kaplan-Meier step-down curve could be used on different groups of samples within the same survival plot
based on their treatment or classifications which the log-rank test will be used later on to measure is there any
significant difference between groups and their survival probability. The general model of a Kaplan-Meier survival
probability is (Kleinban & Klein, 2012):

S(t) =

— 1

< _@>’ gE{l,Z,"',G)
t=1 Mgt
Where,
S(t) : Kaplan-Meier Survival Probability before t time
dg: : Number of events occurred in group g at t time

ng: - Number of subjects in group g att time
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2.3. Log-rank test

The Log-rank test is used after the survival probability distribution of Kaplan-Meier were created. The Log-rank
test purpose it to evaluate whether the probability distribution of the Kaplan-Meier model on two or more groups has
any significance differences over treatment or classifications. The log-rank test is actually a Chi-square test for larger
samples or groups, as the general formula below:

2
X2 = (2{:1(0g,t - Eg,t))
Var (04— Ey)

Where,
Oy, - Observed event occurred in group g at t time
E, ¢ - Expected events occurred group g at t time
Interpretation:
p-value < a: Reject Ho (curves has significant difference).
p-value > a: No significant difference.

3. Materials and Methods
3.1. Materials

The dataset used in this study is secondary dataset of IBM HR gained from Kaggle uploaded by Pavansubhash. The
dataset key features which will be used are: Attrition (Whether the employee still work there or has resign), Overtime
availability, and Years worked at the company.

3.2. Methods

This research method uses a quantitative of Kaplan-Meier survival analysis. The flow of this study can be seen as
figure below. This flowchart breakdowns the process to Kaplan Meier Survival Analysis on Human Resources field,
and proofing the hypothesis of group’s difference using log-rank test. The process begins with the necessary data

collection stage.

Import Dataset

!

Censoring Dataset

l

Kaplan-Meier Model Based
on Overtime Status

!

Plot the Survival Curve

L

Log Rank- Test

l

Conclusion

Figure 1: Research Flowchart
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After the data is collected, the data is classified into two parts, namely data for overtime employee and data of
employee who doesn’t work overtime. Then, using attrition as an indicator of whether if the employee still occupied
in the company as a survival measurement. Data censoring applies to employees left before period of observation
begun (Left-censored) and employee that stays after the period of observation end (Right-censored). After the Kaplan-
Meier model based on overtime groups has been created, log-rank test was performed to further solidified the
hypothesis that overtime have a significant effect to employee’s years at company.

Employee Retention by Overtime Status
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Figure 2: Kaplan Meier Survival Probability

4. Results and Discussion

The results of the Kaplan-Meier survival analysis using o = 5% are summarized in the plot figure 2. The survival
probability throughout years is calculated based on general Kaplan-Meier model of equation 2.2. Using the Surv()
function, available in the survival() library in Rstudio software, we find out that employee who accept overtime are
more likely to leave the company earlier than those who don’t accept overtime as shown by the steeper drop in the
curve.

OverTime=No
time n.risk n.event survival std.err lower 95% CI upper 95% CI

e  1@52 5] 8.994 @.00232 B8.99%0 @8.999
1 1e22 31 @.964 @.ee579 8.953 @8.976
2 906 12 8.951 ©.08679 0.938 8.965
3 314 B 8.944 @.8e731 8.9308 @.959
4 726 11 9.930 ©.00838 0.914 8.947
5 646 7 8.920 @.8e911 B.982 @8.938
6 5a7 4 8.913 0.8e974 8.894 @8.932
7 455 3 8.987 0.9lezy 8.887 8.927
8 336 3 8.900 0.81e97 B8.878 @.921
9 338 5] 8.883 0.01264 B8.859 8.9e38
1@ 267 3 8.857 0.91534 B8.827 8.387
11 179 1 @.852 ©.81598 8.821 @8.834
13 144 2 8.840 0.01782 B.886 8.3876
14 124 2 8.827 0.81994 B.783 @8.867
17 87 1 8.817 ©.082186 B.775 @.361
18 80 1 8.807 0.82385 B.762 @.3855
20 63 1 9.794 0.02669 0.743 0.848
22 33 1 8.770 ©.835e9 B.7e4 8.342
23 22 1 8.735 0.04787 0.647 8.835
32 6 1 9.613 ©.11874 0.419 8.896
33 4 1 @.459 8.15975 B8.232 @8.988

Figure 3: Non-overtime Survival Distribution
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OverTime=Yes
time n.risk n.event survival std.err lower 95% CI upper 95% CI

2 416 1@ @8.976 9.8@751 @.961 8.991
1 492 28 ©.908 9.01423 @.881 8.936
2 347 15 ©.869 9.81684 @.836 a8.9e2
3 312 14 ©.8390 9.81983 8.793 8.868
4 272 8 ©.805 08.82834 8.766 8.846
5 242 14 8.759 98.82265 8.716 8.8e4
] 185 5 ©8.738 9.82383 @.693 8.786
7 1el 8 8.792 9.82593 8.653 8.754
8 148 6 8.672 98.82757 8.6208 8.728
9 116 2 ©.660 9.823829 8.687 8.718
1@ 97 1@ ©8.592 8.83254 @8.531 8.659
11 65 1 8.583 9.83329 8.521 8.652
15 5 1 8.571 9.83468 @.587 8.643
16 43 1 8.558 9.83626 8.491 8.634
19 32 1 8.549 98.83909 @.469 8.623
21 22 1 8.516 8.84437 @.436 a8.611
24 13 1 8.476 8.85595 8.378 8.599
31 7 1 ©.408 8.87916 @8.279 8.597

Figure 4: Overtime Survival Probability

As shown in figure 3 and 4 the difference between group’s survival probability is highly noticeable, as overtime
employees have lesser probability of surviving compared to non-overtime employee. This can be further tested using
log-rank test to identified is there truly any significant difference between the group’s probability of surviving.

Call:
survdiff{formula = surv_obj ~ OverTime, data = df)

N Observed Expected (0-E)*2/E (0-E)"2/V
OverTime=No 1852 189 169.89 21.8 88.2
OverTime=Yes 416 127 b6.1 56.2 88.2

Chisg= 8@.2 on 1 degrees of freedom, p= <2e-16
Figure 5:. Log Rank Test

Using o = 5%, the log rank test result p-value is smaller compared to o which means that there is significant
difference between the group’s survival probability. Therefore, can be concluded that overtime does significantly
affect how long an employee stays at company.

5. Conclussion

Based on the study that has been conducted above, it can be concluded that Kaplan-Meier survival analysis is a
perfectly suited methods in researching the probabilities of how long employees will stay within the company based
on overtime status. Both of the groups turn out has their own probability of employee’s survival rate. We can see this
from the results from figure 4.1 which visualize the probabilities given by each group. Furthermore, the log-rank test
(figure 4.4) proving significant difference in both group survival probabilities, confirming that overtime can affect
how long an employee stays. It’s possible due to other reasons, that non-overtime employees could have the
probability of stay way higher than those who work overtime such as stress-level or work-life balance. The next
suggestion for related research, is that Kaplan-Meier can be applicated to Human Resources field for deep statistical
analysis and can be applicated through different dataset and groupings.
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