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Abstract
There are several statistical methods for time to event analysis, among which is the Cox proportional 
hazards model, that is most commonly used. In this model, the effect of the covariates is assumed to 
act multiplicatively on the baseline hazard rate and the ratio of the hazards is constant over survival 
time. However, when the proportionality assumption for the Cox proportional hazards model is not 
satisfied, an additive hazard regression model may be more appropriate. 

In this study, we give an overview of this approach and then apply Aalen’s additive hazard regres-
sion model to a data set which contain the job tenure for Albanian employees and variables that are 
thought of as important factors in the job tenure. The Aalen model allows for time-varying covariate 
effects and is used to assess the impact that age of the employee, the age at which he started the job, 
salary, gender, position and years of work in front of the current position may have in job termination.

Keywords: Job tenure, Survival analysis, Cox proportional hazard model, Aalen’s additive hazard re-
gression model.

1. Introduction

Survival models are frequently used in analysis of 
employment processes and estimation of factors 
that affect the job tenure. Job tenure is of para-
mount interest to workers and company since it 
can be interpreted as a measure of job stability 
[1]. Job tenure is the length of time an employee 
has been continuously employed by the same em-
ployer and in the same job position. Theodossiou 
and Zangelidis [2] estimate the relationship be-
tween job tenure and job satisfaction. They assess 
whether job tenure depends on career advance-
ment opportunities. Ng and Feldman [3] evalu-
ates the relationship between job tenure and job 
performance. Their results suggest that job tenure 
is largely unrelated to job performance. Grzenda 
and Buczyński [4] have studied the estimation of 
employee turnover with competing risks models. 
Jiang and Wang [5] examined the relationship 
between career adaptability and the job content 
plateau, focusing on the moderating roles of job 
tenure and job self-efficacy.

Proper analysis of processes related to employee 
job tenure is vital for both employee and employ-
er. From the employee’s point of view, the knowl-
edge about individual employee’s characteristics, 
such as the length of time, that this employee stay 
in the current job, give a competitive edge on the 
labour market is crucial. Nowadays, many com-
panies struggle with problems related to the lack 
of sufficient information about the nature of job 
tenure processes.

Since the year 2000, the job tenure distribution 
has shifted away from jobs that have been held for 
a short duration toward jobs that have been held 
for a longer duration. From the U.S. Bureau of 
Labor Statistics [6], the median number of years 
that wage and salary workers had been with their 
current employer was 4.2 years in January 2018, 
unchanged from the median in January 2016.

The point at which half of all workers had more 
tenure and half had less tenure for men was 4.3 
years. Among them, 30 percent of employees had 
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function G. 
We assume that Y is independent of C. Under ran-
dom right censoring, the variable is not complete-
ly observed. One can only observe (Ti,δi) where
T = min(Yi,Ci) and δi = I(Yi ≤ Ci) with I(·) being 
the indicator function [9]. 

2.1.  Cox proportional hazards (Cox PH) 
model

A popular regression model for modeling the rela-
tionship of covariates to a survival time is Cox pro-
portional hazards model (Cox PH model). This 
model has been proposed by Cox, 1972, [10] and 
hazard function relates with covariates as follows

where Z = (Z1 ,...,Zp)
T is the vector of explanatory 

variables for a particular individual, β = (β1 ,...,βp)
T is a parameter vector of regression coefficients 
and h0(t) is the baseline hazard function, which 
represents how the risk changes with time. Base-
line hazard function can be interpreted as the 
hazard function when all covariates are ignored. 
This model assumes that covariates have a mul-
tiplicative effect on the hazard function and pos-
sesses the property that different individuals have 
hazard functions that are proportional.

2.2.  Aalen’s additive hazard regression 
model

In the Cox PH model, the effect of the covariates 
was to act multiplicatively on some unknown 
baseline hazard rate. Covariates which do not act 
on the baseline hazard rate in this fashion were 
modeled either by the inclusion of a time-depen-
dent covariate, by stratification or by separate an-
alyzes on disjoint time intervals.
An alternative model based on assuming that the 
covariates act in an additive manner on an un-
known baseline hazard rate, is Aalen’s additive 
hazard model. The model was first suggested by 
Aalen [8]. The unknown risk coefficients in this 
model are allowed to be functions of time so that 
the effect of a covariate may vary over time. Un-
like the proportional hazards model which esti-
mates hazard ratios, an additive model estimates 
the difference in hazards: the change in hazard 
function due to the exposure of interest or stated 

a job tenure which is 10 years or more. The median 
tenure for men with less than a high school educa-
tion was around 4.7 years and those with at least a 
college degree had median tenure of 5.2 years.

The median job tenure for women was around 4 
years, where only 28 percent of women, had been 
in the same job and with the same employer for 
more than 10 years. The median tenure for women 
with less than a high school education was around 
4.2 years and those with at least a college degree 
had median tenure of 5 years. For an employee 
in the public sector, his job tenure was 6.8 years, 
which is considerably higher than job tenure of an 
employee in the private-sector, with 3.8 years. 

The data, which were used in this analysis, de-
scribe the employment duration (survival times) 
of 887 present and former employees from sev-
eral different companies, in Albania. Dependent 
variable was defined as time in months of employ-
ment. The main aim of this study is modeling the 
duration of job tenure and evaluations of factors 
which are considered important in this time using 
survival analysis. In particular the Kaplan-Meier 
method [7] is used to estimate the survival func-
tion, and Aalen’s additive hazard model [8] to as-
sess the impact that independent variables have 
on survival time. 

Having in mind the main aim of this study as well 
as the availability of the data, the use of the fol-
lowing independent variables has been proposed: 
the current age of the employee, the age at which 
he started the job, salary, gender, position, educa-
tion, marital status and years of work in front of 
the current position. Given that some employees 
have not completed their tenure by the end of the 
sample, a hazard based analysis is useful to deal 
with right censoring.
Model validation and results were obtained 
through R package software, survival(), timereg(), 
ggplot2().

2. Materials and methods
Survival analysis refers to the general set of statis-
tical methods developed specifically to model the 
timing of events. 
Let Y1 ,...,Yn be a variable of interest with density 
f and distribution function F, and let C1 ,...,Cn be 
a censoring variable with continuous distribution 
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may be interpreted as a linear regression model 
at each time t with dNi(t) as responses; βj(t)dt as 
regression coefficients and Yi(t)zij as covariates. 
The problem of estimation, testing and model 
fitting were discussed in [14, 15]. 

The cumulative regression functions, , 
estimation of , with counting process, can be 
interpreted as: if is increasing in an interval, 
than we have higher risk with high value of ; if 

 is decreases in an interval, than we have lower 
risk with high value of  and if  is roughly 
constant in an interval, than we have little effect 
of  in the interval. An important contribution 
to the counting processes and martingale theory 
formulation is given by Aalen [13, 14, 15].

3. Study population

We have analyzed the length of time that  
employees have been in their current job or 
with their current employer for 887 employees, 
in Albania. With survival time we refer the time 
from the beginning of the relationship with the 
company, until the end of the term, where the time 
is in month. The sample contain employees who 
were still working at the time when the data was last 
updated, December 2018, 534 respondents were 
still working, while 353 of them had interrupted 
the employment relationship with the employer. 
For these employees we do not know the exact job 
tenure, but we cannot consider the time we have, 
as missing data because it contains information. 
Here, we have to deal with right censuring 
data, which is referred as the indicator variable, 
whether or not an employee is still working.

In this study, the survival function gives the 
probability that the employee will stay in a working 
relationship for a certain time. On the other hand, 
the hazard function gives us the potential risk that 
the employee will terminate the relationship with 
the company after a certain time. Aalen’s additive 
hazard model is used to estimate the effect that 
some variables may have on job tenure. The factors 
studied are: the current age of the employee, the 
age at which he/she started the job, salary, gender 
(male, female), position (engineer, supervisory, 
specialist, financier and other positions (driver, 
cleaner, babysitter, etc.)) and years of work in 
front of the current position.

more simply the absolute difference in the instan-
taneous failure rate per unit of change in the expo-
sure variable. 
The conditional hazard rate in Aalen’s additive 
hazard model is:

where Z(t) = (Z1(t),...,Zp(t))T is the vector of, pos-
sibly, time-dependent covariates, for a particular 
individual, and βk(t), k=1,...,p are unknown para-
metric functions to be estimated from the data [8]. 
Direct estimation of the βk(t) is difficult in prac-
tice, so we can directly estimate the cumulative 
risk function Bk(t), defined by:

To find the estimates of Bk(t) a least-squares tech-
nique can be used, by define an n×(p+1) design 
matrix, X(t), where Xi(t)=Yi(t)(1, Zj(t)) Let I(t) be 
the n×1 vector with ith element equal to 1 if subject 
i fail at t and 0 otherwise. The least-squares esti-
mate of the vector B(t) is:

The variance-covariance matrix of B(t) is:

                
here the matrix, ID(t) is the diagonal matrix with 
diagonal elements equal to I(t) [11]. Vanstee-
landt Martinussen and Tchetgen [12] showed that 
Aalen’s least square estimator is an unbiased esti-
mator.

2.3. Counting process

Estimation in Aalen’s additive model can be per-
formed with counting process:

where dNi(t) indicates event for individual i at time 
t, Yi(t) the at risk indicator for individual i at time 
t and Mi(t) the martingale increment [13]. This 
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step, in order to assess the impact of the factors in 
job tenure, the Aalen’s additive regression model 
is fitted to the data.

Table 1. Aalen’s additive hazard regression 
model.

 

Test for 
non-sig 
effects, 
p-value

Test for time 
invariant effects 

C r a m e r 
von Mises
test 

 p-value

(Intercept) 0.000 1.54e+03 0.005
Age 0.000 8.06e-01 0.000
Ywb 0.000 1.78e-04 0.515
Sal 0.000 6.46e-04 0.639
genderM 0.065 1.28e+02 0.000
Agebi 0.002 1.21 0.008
profFinancier 0.026 2.25e+01 0.025
Profother 0.000 2.39e+01                       0.016
profSpecialist 0.000 2.86e+01                       0.008
profsupervisory 0.000 5.97e+01                       0.000

Table 1 shows that the covariates: the current age 
of the employee, the age at which he/she started 
the job, salary, position and years of work in front 
of the current position, turned to be statistically 
significant at the level of . The covariate 
gender have no effects on the job tenure. Also 
this table shows the values taken from test for 
time invariant effects, where years of work in 
front of the current position and salary have a 
time-varying effect. Number of simulations in 
resampling is 1000.

The slope of an estimated cumulative regression 
function is positive when covariate increases and 
this fact correspond to an increasing hazard rate. 
On the other hand, if the slope is negative while 
the covariate increases, then this fact points to a 
decreasing hazard rate. If the slope of cumulative 
sums approaches zero then a covariate has no 
effect on the hazard.

The plots of estimated cumulative regression 
functions are obtained to see the effect of covariate 
over time. The estimated cumulative regression 
coefficients for covariates with 95% pointwise 
confidence intervals are shown in Figure 2. 

Figure 2 indicates that the estimates of cumulative 
regression function for gender are constant at a 

4. Results

There are in total 887 employees. Among the 
employees surveyed, 58 are financiers, 135 
engineers, 108 supervisors, 265 specialists and 314 
work in other positions. There are 254 women and 
633 men. The average age is 45 years old, where 
the average age for women is 41 years old, while for 
men is 46.5 years old. The average salary is 68000 
Lek. The shortest time that an employee has been 
in a current position is one month, while the the 
longest stay time is around 28 years, 26% of the 
employees have been in their current position for 
more than 10 years, where 77% are men, and 30% 
have been with the same employer for less than 1 
years.

Figure 1. Estimated survival function with 
Kaplan-Meier method, for job tenure.

Figure 1 shows that for the employees, job survival 
is up to one year for 84.6%, up to 2 years for 80%, 
up to 3 years for 73%, up to 4 years for 69% and 
up to 5 years for 66%. An employee with tenure of 
less than 3 months has a median expected time in 
work of 2 months. Which means that 50% of the 
employees who have joined the company less than 
three months ago are expected to leave within 2 
months of their joining. Similarly employees who 
have lasted for more than 3 months but haven’t 
still completed 6 months, 50% of them will leave 
within 5 months. Thus if we somehow increase 
the percentage of employees staying beyond three 
months, we will have a higher percentage of people 
staying beyond the sixth month. An employee 
with tenure of 1-2 years has a median expected 
time in work of 21 months.

In the next step, in order to assess the impact of 
the factors in job tenure, the Aalen’s In the next 
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From the final Aalen’s additive regression model, 
based on the above results, that the gender has 
no effect on the hazard and years of work in front 
of the current position and salary have a time-
varying effect, we conclude that one unit change 
in salary extends survival time by 1.01 times. One 
unit change in age shortens survival time by 
0.86 times, while one unit change in age at the 
beginning of the current position in the company 
extends survival time by 1.16 times. 

The estimated risk of dismissal for an employee, 
with age less than 30 years is approximately equal 
to 4.853 times higher than an employee older than 
50 years old. Employees aged between 30 to 50 
years at the time they start the job have 75% less 
risk of being dismissed than an employee over 50 
years old at the moment he/she begin the job. If 
the job position of an employee is an engineer, this 
reduces the risk of leaving with 45% compared to 
a financier. 

5. Conclusion

The objective of the study was to assess the impact 
of actual age, age at the beginning, salary, gender, 
years of work in front of the current position, in 
the length of time that employees have been in the 
current job or with their current employer, known 
as job tenure. Analysing job tenure and the factors 
which affect on it, is important for companies, 
as well as for employees. Sometimes employers, 
consider it as criteria for hiring new employees.

The analysis is made by Aalen’s additive regression 
model, which allows for time-varying covariate 
effects. This model provides a graphical method 
to check on a time dependence of covariate effects 
and it may be used for the significance test of 
Cox’s model.

The findings showed that gender has no effects on 
the job tenure, while years of work in front of the 
current position and salary have a time-varying 
effect. The average job tenure of an employee on 
a given company is approximately 187 months 
and job survival is up to one year for 84.6% of the 
employees. If we somehow increase the percentage 
of employees staying beyond three months, we 
will have a higher percentage of people staying 
beyond the sixth month in the same job.

level of zero. The regression function plot for age 
at which the employee started the job and salary 
have a significant and fairly constant increasing 
effect.

Figure 2. Estimated cumulative regression 
functions with 95% pointwise confidence 
intervals based  on Aalen’s additive model

The slope of estimated cumulative coefficient 
for age and years of work in front of the current 
position have a decreasing effect on hazard.

Figure 3. Score test for constant multiplicative 
effect for age, the age at which he/she started 
the job and position

The score processes to test proportionality for 
age, the age at which he/she started the job and 
position, are given in Figure 3 with 1000 random 
realizations under the null hypothesis of constant 
multiplicative effects. Figure 3 indicates that 
constant multiplicative effect is satisfied for these 
covariates.
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