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KEYWORDS Abstract
Projection; Objective: To estimate the trends and prediction of work accidents during period 2009-2022.
Trend; Methods: The study design was a time series design. The population in this study is all data on
Unsafe act; work accidents at the company during period 2009-2015.
Work accident Results: For work accident data in 2009-2015 dominated by occupational accidents in unsafe

positions with a percentage of 0.59-0.16%. After projecting future events for the next 7 years
the highest occupational accidents turn into working on rotating objects with a percentage of
0.30-0.57%. Work accident data for work unit variables found that there were 76 cases of work
accidents that occurred in 2009-2015. In the work unit, the maintenance department is the
department with the highest accident with 40 cases in 2009-2015 (0.70-0.46%). After being
analyzed, the prediction results for occupational accidents in 2016-2022 are still held by the
maintenance department with a value of 38 cases (0.34-0.28%).

Conclusions: The trends and prediction for the next 7 years, there are an increase in work
accidents based on unsafe act variable and a decrease for variable works unit.

© 2021 Elsevier Espana, S.L.U. All rights reserved.
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Table 1 Time series analysis of work accidents based on unsafe acts in 2009-2015.
Years Number of accident (Y) X XY X2

Using Work fast Work on Unsafe Using Work fast Work on Unsafe

tools rotating position tools rotating position

objects objects

2009 4 6 3 10 -3 -12 -18 -9 —30 9
2010 O 4 1 4 -2 0 -8 -2 -8 4
2011 O 5 0 0 -1 0 -5 0 0 1
2012 2 0 3 3 0 0 0 0 0 0
2013 3 7 0 3 1 3 7 0 3 1
2014 O 2 0 3 2 0 4 0 6 4
2015 1 3 4 5 3 3 9 36 15 9
n 10 27 11 28 —6 —11 25 —14 28

Source: Secondary Data, 2009-2015.

training with perceptions of the implementation of the occu-
pational safety and health management system at PT Semen
Tonasa.' The application of the OSH management system has
the aim of preventing occupational accidents and occupa-
tional diseases, as well as increasing work productivity. A
part of work accident investigation activities is the identifi-
cation of work accidents.? Work accident investigation is a
specific workplace inspection activity, which is carried out
after a work accident that causes suffering to humans.® A
lot of workers lose their lives and suffer to serious injuries
because of workplace accidents. Work accidents also caused
huge financial losses for the company.® Therefore, we need
to know and identify the causes of accidents in the work-
place.

Accidents in workplace especially in industrial sector
is increasing. Occupational accidents in developing coun-
tries more prevalent more than in developed countries.’
Indonesia as developing country is one of the countries
that has not achieved the Zero Accident target to reduce
the prevalence of workplace accidents. PT Semen Tonasa
is the largest cement producer in Eastern Indonesia. To see
the rate of increase in workplace accidents, this company
need a forecasting or projection method, so that the num-
ber of workplace accidents can be predicted. Statistical
and epidemiological approaches have been used for pro-
jections of workplace accidents. Forecasting or projections
allow extrapolation from existing information about circum-
stances and developments to predict future events.®” So by
using quantitative forecasting, the prevalence of workplace
accidents can be predicted in the future. This study was
aimed to find out trends and projections of work accidents
from 2009 to 2022 at PT Semen Tonasa.

Methods

A quantitative analysis with a time-series study was used in
this study along with secondary data. The population in this
study is all the work accident data in PT Semen Tonasa from
2009 to 2015, no sampling was conducted in this study. It
means that all data from PT Semen Tonasa from 2009 to 2015
serves as the unit of analysis. The data in this study obtained
from documents that the company in a form of work acci-

dent report and work accident investigation report. To know
the work accident trend and projection, data analysis was
performed using the SPSS program and Microsoft Excel.

Result

Analysis of work accident trend and projection
based on unsafe act in 2009-2022

The trend of work accidents that occur based on unsafe acts
from 2009 to 2015 mostly occurs on attitudes/actions that
take unsafe positions. The highest accident based on the
rate occurred in 2009 of 0.59%, where the attitude/actions
of the worker took an unsafe position. The lowest accident
occurred in the attitudes/actions of workers who neglected
the use of tools (working without using procedures) in
2010-2014, in 2014 the trend of work accidents decreased
by 0% of all dangerous attitudes/actions committed by work-
ers.

From work accident data sources based on the unsafe act
from 2009 to 2015, there were 10 cases of actions caused by
the use of tools, there were 27 cases of actions caused by
working with speed, there were 11 cases of actions caused
by working on rotating objects, and there were 28 cases of
actions caused by insecure positions can be seen in Table 1.

To find the values of a and b are a=11/7=1.57 and
b=25/28=0.9. The linear equation is Y=1.57 + (0.9)X. Using
these equations, we can predict accidents on rotating
objects in 2016 as example Y=1.57+(0.9) (for 2016 the
value of X is 4). The prediction result shows that from 76
accidents in 2009 to 2015 will going to happen 85 accidents
in 2016-2022. Based on the description above we can see
the trend of unsafe act there’s an increase and decreasing
accident every year starting from 2009 to 2022. Accident by
using tools in previous 7 years was 10-14 accidents in next
7 years, work fast from 27 to 10 accidents, work on rotating
objects from 11 to 55 accidents, and unsafe position from
28 to 6 accidents.

Decreases of these unsafe act occur in all actions
but there is a slight change in which in the previous 7
years namely 2009-2015 work accidents often occur caused
due to insecure position. In the next 2016-2022 due to
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Table 2 Work accident prediction based on unsafe act seven years later.

Years Unsafe act Years Unsafe act
Using Work fast  Work on Unsafe Using Work fast Work on Unsafe
tools rotating position tools rotating position
objects objects
2009  0.23% 0.35% 0.18% 0.59% 2016  0.17% 0.11% 0.30% 0.11%
2010 0% 0.23% 0.06% 0.23% 2017 0.17% 0.11% 0.34% 0.11%
2011 0% 0.34% 0% 0% 2018 0.11% 0.11% 0.40% 0.05%
2012 0.14% 0% 0.20% 0.20% 2019  0.11% 0.11% 0.46% 0.05%
2013 0.20% 0.47% 0% 0.20% 2020 0.11% 0.05% 0.51% 0%
2014 0% 0.11% 0% 0.16% 2021  0.05% 0.05% 0.57% 0%
2015 0.05% 0.17% 0.22% 0.30% 2022 0.05% 0% 0.57% 0%

Source: Primary Data, 2016.

workers working on rotating objects (cleaning, regulating,
lubricating, etc.) work accident is estimated to increase
continuously around 0.5-0.10%, this change is caused by
due to power errors relevant work, where the worker works
carelessly or does not want to know. The comparison in per-
centage can be seen in the Table 2.

Analysis of work accident trend and projection
based on work units in 2009-2022

The trend of work accidents that occur based on work units
from 2009 to 2015 mostly occurs in the Maintenance Depart-
ment. The highest accident occurred in 2009 by 0.70% in the
Maintenance Department, the lowest accident occurred in
2011 there were no accidents in the same place. In 2014,
the trend of work accidents decreased in all work units by
0.11% and 0.16%.

Data on work accidents were obtained based on work
units from 2009 to 2015 while the total number of work
accidents that occurred was 76 cases, with details of which
were 36 cases in the production department and there were
40 cases in the maintenance department. The work acci-
dents trend in 2016-2022 can be predicted through the
least square method with time series analysis can be seen
in Table 3.

To find the values of a and b are a=36/7=5.14
and b=-24/28=-0.9. The linear line equation is:
Y=5.14+(—0.9)X. Using this equation, we can predict the
accident in the production department in 2016 as exam-
ple Y=5.14+(—0.9) (for 2016 the value of X is 4), so that:
Y=5.14+(—3.6)=1 means that work accidents in the pro-
duction department in 2016 are estimated at 1 accident. The
prediction result shows that in previous 7 years accident in
production department was 36 accidents to 9 accident only
in next 7 years and accident in maintenance department was
40 accidents to 38 accidents in 2016-2022.

Based on the description above, we can see that the work
unit trend has decreased every year starting from 2009 to
2022, the decrease in work units occurred in all work units,
from 2015 to 2016 there was a decrease of about 0.07%,
then from 2016 to 2018 remained stable 0.22% and another
decline from 2018 to 2022 of 0.05%, from this work unit the
accident is still dominated by the maintenance department
because the maintenance department covers all plant areas

and work areas. The comparison in percentage can be seen
in Table 4.

Discussion

Based on the unsafe act, the prediction trend of work acci-
dent rates in 2009-2015 is dominated by insecure positions
of 0.59-0.30% while in the prediction of 7 years to come
there will be a decline in 2016-2022 ranging from 0.17%
to reach zero accident, then the trend of accidents using
tools in 2009-2015 was 0.23-0.05% while the predictions for
2016-2022 occurred a slight increase of about 0.12% from
0.05% reaching 0, 17% then decreased again from 0.17% to
0.05%, then the trend for workplace accidents with rotating
objects in 2009-2015 occurred 0.18% and increased in 2015
by 0.22% while for prediction 7 the coming year 2016-2022
is an increase from 0.22% to 0.30% and continues to increase
until the year 2022 by 0.57% and this shifts the position
of insecurity which previously occurred most frequently in
2009-2015.

These changes often occur due to the mistakes of the
workers concerned, where the workers work carelessly or
do not want to know. The direct cause of an accident is an
unsafe act and unsafe conditions. The knowledge a person
has is a very important factor in interpreting the stimulus
we obtain. Workers with good knowledge and attitudes can
prevent work accidents both on themselves and others.? If
coworkers make mistakes can be reprimanded so that work-
ers who have an unfavorable attitude at work can realize and
not repeat mistakes. The company should provide insight to
workers so that they can increase their knowledge about
OSH and for workers who have good OSH knowledge. Like,
training for workers and providing counseling about the dan-
gers of accidents in the project, so that they can improve
their knowledge so that when they work they already know
what they should and should not do.’

Based on work units, the prediction trend of work acci-
dent rates in 2009-2015 was dominated by the maintenance
department of 0.70-0.46%, in 2011 there was a decline of
up to 0% and there was another increase in 2013 of 0.56%
and 2015 there was a decrease of 0.46%, whereas in the pre-
dicted 7 years to come 2016-2022 there was a decrease in
the maintenance department ranging from 0.34% to 0.30%,
then the accident trend in the production department in
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Table 3 Time series analysis of work accidents based on work units 2009-2015.
Years Number of accident (Y) X XY X2
Production Maintenance Production Maintenance
department department department department

2009 11 12 -3 -33 —36 9
2010 5 4 -2 —10 -8 4
2011 5 0 —1 -5 0 1
2012 3 5 0 0 0 0
2013 5 8 1 5 8 1
2014 2 3 2 4 12 4
2015 5 8 3 15 24 9
n 36 40 —24 0 28
Source: Secondary Data, 2009-2015.
Table 4 Work accident prediction based on work units seven years later.
Years Work units Years Work units

Production department Maintenance department Production department  Maintenance department
2009 0.64% 0.70% 2016 0.11% 0.34%
2010 0.30% 0.23% 2017 0.11% 0.34%
2011 0.34% 0% 2018 0.11% 0.34%
2012 0.20% 0.34% 2019 0.11% 0.30%
2013 0.34% 0.54% 2020 0.05% 0.30%
2014 0.11% 0.16% 2021 0% 0.30%
2015 0.30% 0.46% 2022 0% 0.30%

Source: Primary Data, 2016.

2009 was 0.64% down to 2015 amounted to 0.30% and for
2016-2022 predictions there was a drastic decrease of about
0.19% from 0.30% to 0.11% until 2019 then another decline
from 0.11% until it reaches zero accident.

This happens because the working conditions are very
high in the maintenance department compared to other
departments which make the workers in this unit feel bur-
dened when there are so many tools to repair. Most of this
cement industry had machine and other technology and an
ongoing maintenance activities.’” Such as repairing heavy
equipment used to transport limestone and repairing fac-
tory components when shut down kilns or repairs regularly
so that workers are no longer able to withstand workloads
and cause work accidents. But in the future, there will be
a decrease in accident rates in each of these departments
is expected to have developed technology so that workers
in all departments no longer work too hard especially in
the maintenance section just enough to control. Other than
that, the influence of training and experience of the techni-
cian in maintenance department will help to upgrade their
work performance, minimize maintenance job rework and
reduce overtime."

Conclusion

Trend and prediction of dangerous/unsafe act from 2009
to 2015 is 76 cases going up to 85 cases and dominated
by unsafe position accident with 28 cases (0.59-0.16%) in

2009-2015 but change after the prediction analysis into
working on rotation project with 55 (0.30-0.57%) cases in
2016-2022. For work units variable there is a decrease
from 76 cases in 2009-2015 and going down to 47 cases
in 2016-2022. However, the work unit that still dominates
work accidents is the maintenance department with cases
from 2009 to 2015 previously totaling 40 cases by percent-
age 0.70-0.46% to 38 cases by percentage 0.34-0.38% in
2016-2022 after prediction analysis.
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