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Abstract
Objective:  To  estimate  the  trends  and  prediction  of  work  accidents  during  period  2009---2022.
Methods:  The  study  design  was  a  time  series  design.  The  population  in  this  study  is  all  data  on
work accidents  at  the  company  during  period  2009---2015.
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  España,  S.L.U.  All  rights  reserved.

I

T
(
b
i

� Peer-review process of the 3rd International Nursing & Health
ciences Students & Health Care Professionals Conference (INHSP)
019 is under the responsibility of the scientific committee of the
rd International Nursing & Health Sciences Students & Health Care

rofessionals Conference (INHSP).
∗ Corresponding author.

E-mail addresses: mfurqaan@yahoo.com.au,
mc@agri.unhas.ac.id (M.F. Naiem).

m
s
c
t

ttps://doi.org/10.1016/j.enfcli.2021.10.003
130-8621/© 2021 Elsevier España, S.L.U. All rights reserved.
ntroduction

he  implementation  of  the  occupational  safety  and  health
OSH)  management  system  in  the  industry  should  show  a
etter  development  every  year,  including  in  the  cement
ndustry.  There  are  many  factors  that  affect  the  imple-

entation  of  the  OSH  management  system  in  the  industry,

ome  are  inhibiting  and  some  are  supportive.  A  research
onducted  PT  Semen  Tonasa  concluded  that  there  is  a  rela-
ionship  between  age,  knowledge,  years  of  service  and  K3
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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
tools

Work  fast  Work  on
rotating
objects

Unsafe
position

Using
tools

Work  fast  Work  on
rotating
objects

Unsafe
position

2009  4  6  3  10  −3  −12  −18  −9  −30  9
2010 0  4  1  4  −2  0  −8  −2  −8  4
2011 0  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 0  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
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Source: Secondary Data, 2009---2015.

raining  with  perceptions  of  the  implementation  of  the  occu-
ational  safety  and  health  management  system  at  PT  Semen
onasa.1 The  application  of  the  OSH  management  system  has
he  aim  of  preventing  occupational  accidents  and  occupa-
ional  diseases,  as  well  as  increasing  work  productivity.  A
art  of  work  accident  investigation  activities  is  the  identifi-
ation  of  work  accidents.2 Work  accident  investigation  is  a
pecific  workplace  inspection  activity,  which  is  carried  out
fter  a  work  accident  that  causes  suffering  to  humans.3 A
ot  of  workers  lose  their  lives  and  suffer  to  serious  injuries
ecause  of  workplace  accidents.  Work  accidents  also  caused
uge  financial  losses  for  the  company.4 Therefore,  we  need
o  know  and  identify  the  causes  of  accidents  in  the  work-
lace.

Accidents  in  workplace  especially  in  industrial  sector
s  increasing.  Occupational  accidents  in  developing  coun-
ries  more  prevalent  more  than  in  developed  countries.5

ndonesia  as  developing  country  is  one  of  the  countries
hat  has  not  achieved  the  Zero  Accident  target  to  reduce
he  prevalence  of  workplace  accidents.  PT  Semen  Tonasa
s  the  largest  cement  producer  in  Eastern  Indonesia.  To  see
he  rate  of  increase  in  workplace  accidents,  this  company
eed  a  forecasting  or  projection  method,  so  that  the  num-
er  of  workplace  accidents  can  be  predicted.  Statistical
nd  epidemiological  approaches  have  been  used  for  pro-
ections  of  workplace  accidents.  Forecasting  or  projections
llow  extrapolation  from  existing  information  about  circum-
tances  and  developments  to  predict  future  events.6,7 So  by
sing  quantitative  forecasting,  the  prevalence  of  workplace
ccidents  can  be  predicted  in  the  future.  This  study  was
imed  to  find  out  trends  and  projections  of  work  accidents
rom  2009  to  2022  at  PT  Semen  Tonasa.

ethods

 quantitative  analysis  with  a  time-series  study  was  used  in
his  study  along  with  secondary  data.  The  population  in  this
tudy  is  all  the  work  accident  data  in  PT  Semen  Tonasa  from

009  to  2015,  no  sampling  was  conducted  in  this  study.  It
eans  that  all  data  from  PT  Semen  Tonasa  from  2009  to  2015

erves  as  the  unit  of  analysis.  The  data  in  this  study  obtained
rom  documents  that  the  company  in  a  form  of  work  acci-

b
y
d

S78
ent  report  and  work  accident  investigation  report.  To  know
he  work  accident  trend  and  projection,  data  analysis  was
erformed  using  the  SPSS  program  and  Microsoft  Excel.

esult

nalysis  of  work  accident  trend  and  projection
ased on  unsafe  act  in  2009---2022

he  trend  of  work  accidents  that  occur  based  on  unsafe  acts
rom  2009  to  2015  mostly  occurs  on  attitudes/actions  that
ake  unsafe  positions.  The  highest  accident  based  on  the
ate  occurred  in  2009  of  0.59%,  where  the  attitude/actions
f  the  worker  took  an  unsafe  position.  The  lowest  accident
ccurred  in  the  attitudes/actions  of  workers  who  neglected
he  use  of  tools  (working  without  using  procedures)  in
010---2014,  in  2014  the  trend  of  work  accidents  decreased
y  0%  of  all  dangerous  attitudes/actions  committed  by  work-
rs.

From  work  accident  data  sources  based  on  the  unsafe  act
rom  2009  to  2015,  there  were  10  cases  of  actions  caused  by
he  use  of  tools,  there  were  27  cases  of  actions  caused  by
orking  with  speed,  there  were  11  cases  of  actions  caused
y  working  on  rotating  objects,  and  there  were  28  cases  of
ctions  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
 =  25/28  =  0.9.  The  linear  equation  is  Y  =  1.57  +  (0.9)X. Using
hese  equations,  we  can  predict  accidents  on  rotating
bjects  in  2016  as  example  Y  =  1.57  +  (0.9)  (for  2016  the
alue  of  X  is  4).  The  prediction  result  shows  that  from  76
ccidents  in  2009  to  2015  will  going  to  happen  85  accidents
n  2016---2022.  Based  on  the  description  above  we  can  see
he  trend  of  unsafe  act  there’s  an  increase  and  decreasing
ccident  every  year  starting  from  2009  to  2022.  Accident  by
sing  tools  in  previous  7  years  was  10---14  accidents  in  next

 years,  work  fast  from  27  to  10  accidents,  work  on  rotating
bjects  from  11  to  55  accidents,  and  unsafe  position  from
8  to  6  accidents.
Decreases  of  these  unsafe  act  occur  in  all  actions
ut  there  is  a  slight  change  in  which  in  the  previous  7
ears  namely  2009---2015  work  accidents  often  occur  caused
ue  to  insecure  position.  In  the  next  2016---2022  due  to

9
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Table  2  Work  accident  prediction  based  on  unsafe  act  seven  years  later.

Years  Unsafe  act  Years  Unsafe  act

Using
tools

Work  fast  Work  on
rotating
objects

Unsafe
position

Using
tools

Work  fast  Work  on
rotating
objects

Unsafe
position

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%

w
l
c
d
c
c

A
b

T
f
m
M
2
t
0

u
a
w
4
d
l
i

a
Y
a
p
Y
d
p
p
i
4

u
2
f
t
d
a
b

a
i

D

B
d
o
t
t
t
2
0
0
o
b
i
u
o
2

w
d
u
h
w
p
c
e
n
w
O
t
g
t
w

d
d
u

Source: Primary Data, 2016.

orkers  working  on  rotating  objects  (cleaning,  regulating,
ubricating,  etc.)  work  accident  is  estimated  to  increase
ontinuously  around  0.5---0.10%,  this  change  is  caused  by
ue  to  power  errors  relevant  work,  where  the  worker  works
arelessly  or  does  not  want  to  know.  The  comparison  in  per-
entage  can  be  seen  in  the  Table  2.

nalysis  of  work  accident  trend  and  projection
ased on  work  units  in  2009---2022

he  trend  of  work  accidents  that  occur  based  on  work  units
rom  2009  to  2015  mostly  occurs  in  the  Maintenance  Depart-
ent.  The  highest  accident  occurred  in  2009  by  0.70%  in  the
aintenance  Department,  the  lowest  accident  occurred  in
011  there  were  no  accidents  in  the  same  place.  In  2014,
he  trend  of  work  accidents  decreased  in  all  work  units  by
.11%  and  0.16%.

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

To  find  the  values  of  a  and  b  are  a  =  36/7  =  5.14
nd  b  =  −24/28  =  −0.9.  The  linear  line  equation  is:

 =  5.14  +  (−0.9)X. Using  this  equation,  we  can  predict  the
ccident  in  the  production  department  in  2016  as  exam-
le  Y  =  5.14  +  (−0.9)  (for  2016  the  value  of  X  is  4),  so  that:

 =  5.14  +  (−3.6)  =  1  means  that  work  accidents  in  the  pro-
uction  department  in  2016  are  estimated  at  1  accident.  The
rediction  result  shows  that  in  previous  7  years  accident  in
roduction  department  was  36  accidents  to  9  accident  only
n  next  7  years  and  accident  in  maintenance  department  was
0  accidents  to  38  accidents  in  2016---2022.

Based  on  the  description  above,  we  can  see  that  the  work
nit  trend  has  decreased  every  year  starting  from  2009  to
022,  the  decrease  in  work  units  occurred  in  all  work  units,
rom  2015  to  2016  there  was  a  decrease  of  about  0.07%,

hen  from  2016  to  2018  remained  stable  0.22%  and  another
ecline  from  2018  to  2022  of  0.05%,  from  this  work  unit  the
ccident  is  still  dominated  by  the  maintenance  department
ecause  the  maintenance  department  covers  all  plant  areas

a
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nd  work  areas.  The  comparison  in  percentage  can  be  seen
n  Table  4.

iscussion

ased  on  the  unsafe  act,  the  prediction  trend  of  work  acci-
ent  rates  in  2009---2015  is  dominated  by  insecure  positions
f  0.59---0.30%  while  in  the  prediction  of  7  years  to  come
here  will  be  a  decline  in  2016---2022  ranging  from  0.17%
o  reach  zero  accident,  then  the  trend  of  accidents  using
ools  in  2009---2015  was  0.23---0.05%  while  the  predictions  for
016---2022  occurred  a  slight  increase  of  about  0.12%  from
.05%  reaching  0,  17%  then  decreased  again  from  0.17%  to
.05%,  then  the  trend  for  workplace  accidents  with  rotating
bjects  in  2009---2015  occurred  0.18%  and  increased  in  2015
y  0.22%  while  for  prediction  7  the  coming  year  2016---2022
s  an  increase  from  0.22%  to  0.30%  and  continues  to  increase
ntil  the  year  2022  by  0.57%  and  this  shifts  the  position
f  insecurity  which  previously  occurred  most  frequently  in
009---2015.

These  changes  often  occur  due  to  the  mistakes  of  the
orkers  concerned,  where  the  workers  work  carelessly  or
o  not  want  to  know.  The  direct  cause  of  an  accident  is  an
nsafe  act  and  unsafe  conditions.  The  knowledge  a  person
as  is  a  very  important  factor  in  interpreting  the  stimulus
e  obtain.  Workers  with  good  knowledge  and  attitudes  can
revent  work  accidents  both  on  themselves  and  others.8 If
oworkers  make  mistakes  can  be  reprimanded  so  that  work-
rs  who  have  an  unfavorable  attitude  at  work  can  realize  and
ot  repeat  mistakes.  The  company  should  provide  insight  to
orkers  so  that  they  can  increase  their  knowledge  about
SH  and  for  workers  who  have  good  OSH  knowledge.  Like,
raining  for  workers  and  providing  counseling  about  the  dan-
ers  of  accidents  in  the  project,  so  that  they  can  improve
heir  knowledge  so  that  when  they  work  they  already  know
hat  they  should  and  should  not  do.9

Based  on  work  units,  the  prediction  trend  of  work  acci-
ent  rates  in  2009---2015  was  dominated  by  the  maintenance
epartment  of  0.70---0.46%,  in  2011  there  was  a  decline  of
p  to  0%  and  there  was  another  increase  in  2013  of  0.56%

nd  2015  there  was  a  decrease  of  0.46%,  whereas  in  the  pre-
icted  7  years  to  come  2016---2022  there  was  a  decrease  in
he  maintenance  department  ranging  from  0.34%  to  0.30%,
hen  the  accident  trend  in  the  production  department  in

0
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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
department

Maintenance
department

Production
department

Maintenance
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%
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Source: Primary Data, 2016.

009  was  0.64%  down  to  2015  amounted  to  0.30%  and  for
016---2022  predictions  there  was  a  drastic  decrease  of  about
.19%  from  0.30%  to  0.11%  until  2019  then  another  decline
rom  0.11%  until  it  reaches  zero  accident.

This  happens  because  the  working  conditions  are  very
igh  in  the  maintenance  department  compared  to  other
epartments  which  make  the  workers  in  this  unit  feel  bur-
ened  when  there  are  so  many  tools  to  repair.  Most  of  this
ement  industry  had  machine  and  other  technology  and  an
ngoing  maintenance  activities.10 Such  as  repairing  heavy
quipment  used  to  transport  limestone  and  repairing  fac-
ory  components  when  shut  down  kilns  or  repairs  regularly
o  that  workers  are  no  longer  able  to  withstand  workloads
nd  cause  work  accidents.  But  in  the  future,  there  will  be

 decrease  in  accident  rates  in  each  of  these  departments
s  expected  to  have  developed  technology  so  that  workers
n  all  departments  no  longer  work  too  hard  especially  in
he  maintenance  section  just  enough  to  control.  Other  than
hat,  the  influence  of  training  and  experience  of  the  techni-
ian  in  maintenance  department  will  help  to  upgrade  their
ork  performance,  minimize  maintenance  job  rework  and

educe  overtime.11

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

S79
009---2015  but  change  after  the  prediction  analysis  into
orking  on  rotation  project  with  55  (0.30---0.57%)  cases  in
016---2022.  For  work  units  variable  there  is  a  decrease
rom  76  cases  in  2009---2015  and  going  down  to  47  cases
n  2016---2022.  However,  the  work  unit  that  still  dominates
ork  accidents  is  the  maintenance  department  with  cases

rom  2009  to  2015  previously  totaling  40  cases  by  percent-
ge  0.70---0.46%  to  38  cases  by  percentage  0.34---0.38%  in
016---2022  after  prediction  analysis.
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