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Abstract

Objectives: Hospitals are one of the most important organizations in the country, and
nurses are one of their main pillars with high workloads and stress, nurses are exposed
to many injuries. Ergonomic load on nurses can be reduced by an optimal job rotation
and shift scheduling plan. Although these two approaches have been proposed
separately, in past research articles, they have not been considered at the same time.
Methods: In this article, a two-objective mathematical model is presented for
simultaneous optimization of job rotation and shift scheduling of nurses. The first
objective is to minimize the maximum ergonomic load and the second objective is to
minimize the total mental-psychological load on nurses. The comprehensive criterion
approach has been used to integrate the objectives and reach a single objective model.
The proposed model has been used in a case study and the parameters of the model
have been quantified using the Movement and Assistance of Hospital Patients (MAPQ)
index and the Nordic questionnaire as well as the Depression- Anxiety- Stress Scale
(DASS) method.

Results: The program obtained from the mathematical model was compared with the
program available in the studied hospital, which was done manually. The results
showed a decrease in the ergonomic load of nurses in the new program compared to the
existing situation.

Conclusion: Compared to the conventional method, the proposed integrated method
can lead to a greater reduction of occupational injuries.

Keywords: Nurse Shift scheduling; Ergonomic load; Job Rotation; Multi-objective
Modeling; Comprehensive criterion Method
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Extended Abstract
Background and Obijective

Hospitals are one of the most important
organizations in the country, and Nurses are one of the
most important pillars of the health care sector, which,
are responsible for mental and physical care of the
patient. A major problem for nurses is high workload,
which affects their Ability to concentrate on assigned
tasks and increases medical errors. Several studies have
shown that high workload can compromise the quality
and safety of patient care, increase medical errors,
increase the length of hospital stay, and ultimately
reduce quality of service. High workload is highly
correlated with poor quality of care and is one of the
most important causes of stress in nurses. High
workload and high stress expose nurses to many
injuries. Usually, in planning and determining the work
shift, the job rotation and ergonomic and health
considerations of nurses are not taken into account.
Neglecting this issue increases the physical and mental
injuries and as a result nurses' job dissatisfaction. The
purpose of this study was to determine the Nurse's shift
scheduling with the goals of reducing ergonomic load.
The first goal is to minimize the maximum physical
load and the second goal is to minimize the total
mental-psychological load on nurses. A comprehensive
criterion has been used to integrate the objectives and
reach a single objective model.

Materials and Methods

The proposed model has been used in a case study
in a hospital in Qom in Iran. In the emergency
department, there are 3 jobs including: triage,
outpatient nursing area and supervised nursing area. In
the hospital, 3 shifts in the morning, evening and night
have been defined for the rotation of the nurses, and the
working hours of each shift are 8 hours. The total
number of nurses who work in the emergency
department in different shifts of the weekdays is
30 people, including 12 male nurses and 18 female
nurses. The information about the number of nurses
needed in each shift is based on the expected arrival of
patients during the weekdays. The parameters of the
model have been quantified by Nordic musculoskeletal
disorders questionnaires and MAPO and DASS indices
checklists. The presented model of this research has
been solved based on the case study information using
GAMS 2.1.25 software.

A mathematical model is proposed to determine
nurses’ shifts and also to assign tasks to nurses in each
shift. This model has two goals, and the first goal is to
minimize the maximum physical ergonomic load and
the second goal is to minimize the total mental load on
nurses in the time frame. Also, the following
assumptions have been considered in the construction
of the model:

- Working in two shifts or more in one day is not
allowed.

- The demand of all units and departments in each
shift must be met.

- Each day consists of 3 eight-hour shifts in the
morning, evening and night.

- The working hours of each nurse is a maximum of
48 hours and a minimum of 32 hours per week.

- No nurse can be assigned to 1 job in 3 consecutive
days.

- Each nurse must be assigned to at least two tasks
in two different departments or units per week.

- If a nurse has worked two consecutive evening
shifts, the morning shift should not be assigned to her
immediately.

- A nurse who works the night shift must be given a
night off.

Nordic questionnaire to determine the prevalence of
skeletal-muscular disorders symptoms in the study
subjects, which consists of two general and specific
parts. MAPO Checklist is a musculoskeletal disorders
risk assessment method invented by the Ergonomic
Posture and Movement Research Unit of Milan in
1997. The Depression, Anxiety, Stress Questionnaire
(DASS) was created to measure the psychological
constructs of depression, anxiety and stress.

Discussion

The mathematical model was used to schedule the
work shift of hospital nurses. The output of the model
shows the work shift schedule of each nurse in the next
4 weeks during 7 days of the week between 3 work
shifts (Morning, Evening and Night) in 3 work areas
(Triage, Ambulatory nursing and Supervised nursing).
Comparing the results of the proposed model and the
existing manual scheduling program shows that the
maximum ergonomic load that a nurse can bear is 319
according to the proposed program, which is 404 in the
manual solution.The results showed a decrease in the
ergonomic load of nurses in the new program
compared to the existing situation. Also, the total
mental-psychological load of nurses according to the
proposed model is 5298, which is also 5825 in the
manual solution method, which shows that the working
conditions of nurses in the proposed program have
improved compared to the existing program. In terms
of observing the considerations of nurses and
supervisors, the proposed model takes into account all
these considerations in non-structural limitations.

Conclusion

Although nursing is a hard and stressful job,
compared to industrial jobs, experts in the field of
ergonomics have paid less attention to this field.
Although the work conditions of each shift and nurses'
priorities are considered to some extent in the studies
related to nurses' shift scheduling, the effect of nurses'
work area and type of work has been neglected in this
field.

The current model by paying attention to the
ergonomic load on nurses and minimizing it, and as a
result, increasing the job satisfaction of nurses by
considering their health and carrying out appropriate
job rotation to advance the interests of the organization
and the interests of nurses, compared to the existing
models and methods. Its advantages. Some other
aspects, such as the uncertainty in demand and the
intensity of work in different days and shifts, as well as




the difference in nurses' priorities, have not been of these cases can be a basis for future research.
considered in the current model, and considering each
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Rotation and Shift Scheduling Plan: A Multi-Objective Optimization Approach. Iran J Ergon. 2022; 10(3): 200-11.




* —i
0995 i oo
Yoo V)Y s0bio AFY gl o oyl )+ 0590
https://journal.iehfs.ir

UMSHA Press

by Il

Swwilo ) (G40l 9 g (Jaw w92 31 lopod ool b sl g3 (Swogigs ) JU Luals
B W (5 Hlwdings 959 551 Cami

" olgs s cylolio ol ¢

) . .
olel s

Ol s dicw gy olSails ¢ cwiige (b (S0aSls (ol wdige 05,5 |

ouSs

o il go ol gl Lol OISl 545 it 5588 glagleile n St Sl daglins oy, 1Sl
Siaeliy 58 cJgens job 403 o 58 G0bj slacumsl (Byme ;0 1) il by oyial o YU 6,8
SATF s D90 4y Ol Cdle 5 (SoegisS ) Gllamde 5 (ol 805 4 (o)l i (e
Dgbion ohlim b (Lol azmeis 10 5 () 5 oo Sl (Rl Ll gdse nl 4 o
0855 aeS (Jgl Ban el ot &il)] adas g0 Lol si,aebp Joo S dllas ool jo 15 by
o b adbioe Ghlien 4 0)ly (Slgy —i g, b Egeme 505 AeS g0 Bu  (o5d )b ainda
S50 eolgiing Joe cel oad oslaiul ddus ST Joe U A aew, 5 SBlaal plésl gl mel> Lo
g Nordic (sasb iy 9 MAPO 3y, S8 @ Joo slajiall g oad atd SIS0 (63,50 (sasllan
Gl 0als oS DASS (Depression- Anxiety- Stress Scale) jig, cyizes

s Dygo 4 48 walllas 850 Gliwlen j0 35750 salip b (p3b, Jae 5l Jol> asly Rl
S iz el )3 gLl (Seegis )l )b (Rl soaims las gl a3 5 aslie g oud plxl

VEVVINY llio cdl yo o b
VE V- ANY il (55908 G ,yb
VE VTN o by g ,b
VPN AUY e callie HLiasl gy,

S pale oSy (gl i 3si> eled
ol Bgaze laen

i) 5 gantdnd b plojen olliwyy & iallsy panass g Jad (o5 (8,5 5y 1§ 4zl
23510 @2l )8 cpgu o sl bgy b dumlia ;0 1) (id Sl blre it (1l (ISl ()l

an sz (5leding 1 Gbid (50,5 1 SngisS )l S 1)l S (gl 1015 S

092 99> ge Cumdg & . i L
éal?ﬁ} uLnLa,m‘ :J,-.w.o Sy g

‘5;.5 d‘cd&.ﬂ‘u"b ‘éit.,a (SR 05;
oled o Jegy oRiils ¢ cwiige
kheirkhah@basu.ac.ir : .|

Sz silading 8,505, 16,5 Caind saiile; sanlip g Lid 25,2 5l legen eoliiul b ol lis p (Seogio | b (2alS . olob pual olgs 15 ccuis; lys] 1oLt

S e Ve wlass cpl 5l aS oad ] S Sl slalosl
cwo Gl sgx ol gleye Sleas isu olalosl Jds o
(6o A+ g A sladas o Jrd 50,5 sladasl s [Y] wlesls
[T wd s s Glojle glagilinl m S lye @
S b (2Uly &5 al oo parass ola)l5 4 Vgero (LSS
il el S 6,55 IS Sy bl el 5o o] plodl o
s mlaylay e g ools Rl ] I 5l G0 (s
L¥] il (it slocanl (sl (o sl (S il 5 05
&85 b ooy GlcS pb 5l (omy by ik B8
Gy plee Gomen abpiny Jabo slapters «alby

YooYV Y eV F o) Ll o egisS | aloes abin

Aovio
|y ot ey Sloas gloaegazme 5 lplias lags 45 IS5
sl g )8 ol x> sahavly 4 ()l Dbl (oyxe s
w99y cshid (50,5 cwl oly 18 calise slacald o aalsg
505 el Gl S9ym m ) e 4z e anad ln
50 ol Solge 31 eslaul sl 4y baylin les o Lol
sl jebaie (pay B adb o pliw )l e slaisu
P ol S oS me Ohlen O (SeessS )
Sax eSSz e 0 Sl Sl slaptans
LQ)LJ DT el o 6,5 5L gllasl cualo Lol pon (g5l
S 58 Hedee VY lawgie jokay aVle o5 wo o LS

Yo | P 5l oF osless Ve 090 (09995 | adxo


http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html
http://orcid.org/0000-0003-0231-X361
http://orcid.org/0000-0002-6275-9587
http://journal.iehfs.ir/article-1-924-fa.html

S50 Gl guncand Sl plisjlen glaasn e
Ivo vy el wols 8 o)

5 sl Baa aiz ks Al Sharif 5 Azaiez _ob, Joe
S s ol Sbes ol len Slal cole, ales

B sl lp dee wl) 4 o Kes 5 Azimi
aulyd sleslatwl b as” wisged pladl a8ly olad o 9 Liw, VO
LYY wlazsls b Jo 4 (o5l poalads Julos

SIS et saile; sallas U (sl 55 o) Stgy
olass o ldasi glaig, slass alax 5l egiin Slons i ol i
slcad als 5 b gboadd slass ((Jlgn )5 slejg,
Iva-ve el assle oSl

Sl Joe Oy a4 ol el gdieia gasdllas L
s bl 615 ched gaiiley 9 (it 805 syaebin
JURSN- FINE VRN PUT-R VR DA P ISRV RN Wy J{ B VSOV
G b Sl sla, 556 i Jyol e obite @ Lo o
@ ohlen 65 g (Seegiss ) oS, iludolaie
sle Gz S il mlasly dls ol (il
@l O )5 lacdnd uidley 5 (Lid (505 g pneliy
S 2 P " 9 N SeepsS)l b Sl (35 oS
oedle 58 SISk 595 perie Al alie & cud liliay
[1°] wisbce 5jl9e slaile allus Lo (Make span)

JLETIY

Sge T slobmo 5 Aii ilby daoges]
Oy NS slacins anply sl Gl iowir
o Ll el ons agll sSUsS Lulys ol ke la o
S yte Lo Jae gaan )3 S pagie S plye a4 ool Sl i
G ol garass (ol Gaa de o ol sden o cul
el an e 0 S b sytelin B slajg, 50 ) lacdsd
g5 3 by 6 et galy dlae (Suay
235,5 ca (§Xudiwd Cduw il 25> 5 Cowl NP- cOmplete

Js a4 alosl o vezge badls x8 5 i o L
bbby @ cans ol ol Lol @il
pedless Al ol o 453 Sl

Eyozme (39,5 aieS JLis @ gilw e o a4 azgi L
S L gl W e Ll a o)ls (SeegisS L
o3> sylpl by Slgy — 29, 5 (Fpd abex I ol
3 shiie Cay 85 oS gl bl b gS owaige
oy, 5 (NOrdic)  ojulisl  (glasbfusy  slo,lzl
2SS e 9wl sads oolixwl (MAPO, DASS) o laibe!
1o pules Zudgi 0o sl

el plalen o Jid (505 pspde oS lxgl
a1 ol by anlsn b sl ogline gla)ls L las

i i 5l leyan eolitul b ol (SeosisT b ials

Sylal oyl o aile Sloas sl ylojle cpizxen g (il
by [0] 8500 55" Sl el 5 Slas T slaglejl (s
Looldl g aul s s 4 ihate L3 (Jol ol o Jai 50,5
O‘i‘ R %) [?] Ml.o.)sn Ceoglae UMLLM ;oYL Lg)lf Saislw
S e Sl g e (6,58 Ve cage b,
Iy dod oflas (LS5 Jas (50,5 wilesls las olalllas
Slagss Ll [V] cool ools Lalidl |, Jad Sogw,d 5 Luals
s ).UL; Wilg g0 L5 ol ams go Lis aS )18 Bez g 35 (5,500
Gl uliygl i 58 g 4 b n o 1) (R (Soge b
[A] oo

2 Oy oSles g a3 e hegh 0
o [A] et eal il cuie gk, oS sl b e
Ohbaep Juile p Ll s a5 wb jasie 00 Auds
oS Giall g il dnwed ot el g atils cuie 3G
b odsl (Jad 05 sangle; sallne [) 0] codl o )18
SilwJde Caro 3 Yeo) Jlo po o,Sen 5 Carnahan lowgs
00ls drwgs YooV Jlo 5o baaw Jow ool [IV] cenl ooy J> o
odd Jo (8o 90 (59l g w5 loannd slapt oSl L g 0ud
slagl o Sl wyugd deies Alen ol b s S
D] ol lagl 5l (S (Soogiss )| oSt a5 atiwn calisee
el glcads o I8 asle iz 6,5 slacug o9y

30 bl 6,8 cand uiibey s jo ol Slalae
RGN PES LQQT G 508 Cwl oads pll geoge Sl
pedlre 1 g goolaul iy cpl jo S LB gaiss L
o5 el hlwy Slbea 5 g liwlem uilgd 5l Sglas
P E I Y E N TP OWC R ST O PR P PUONP PR U ER R
@ Oly U Cwl ono 5 paghy cnl chy sln (e Ghlen
pealie abanly 4 Lol )5 (Souw 0925 b e . Sl S
4§;‘.">|.>J.3' @L.J‘ slo,gusl (SR (5055

WAV Jls o o) Kea 5 (e 5l & 4 Millar 4 Kiragu
LS ol b LI eloizl = Gl Jalge LU (o) 2 &
caratS sl Joe o0k Gl Gl Sl s oo Sy
Sy 4 5k Sl OT 3 eolazwl b as” wisle sl jelis ol
s Warner [VV] a5 e (astin [l s s Jowgs Cands jo gl
S 8,5 b us mb (sasl; sale J> s, Prawda
S gyl anze ()8 sleyy, I cule, pas sas
[\/\] O ool bl &Ja.:u Ca.m‘j}")d u..\.w.: 0‘5)9]}4 9 M

L g adan G Jow SOl oolanwl L Sattar ¢ Thornton
Jo a0 bods Glolis oges 00,9l Cuyz o YA PRE Y
o olRaagy 5l ol DAl wssls, el sdlas
O35 S Ll oty ) cas sanil salle

Ee) 50l ¥ oyl e 098 csogigtylalme | YoF



oh)en g olg> >

oS ole,gsl oS 5 5l MAPO (msls ol sae [F] sz
B9l 0 dmlors (V+) (gabal, 5loslatul b wcasl oals (S5 5 30

MAPO = [(NC/OPXLF) + (PC/OPXAF)] x
WFXEFXTF )

el 00 iy a5 dalol o Ve dlal) sla sl L
blog oy = LF oS buls LS, olass = OP
)5S = WF 1Sz8 (S Jilog cups = AF sosusSuil
slass = NC ¢ 33501 51 = TFelamo o516 = EF ¢ 2l
oslaws = PC raries LS, b o) Ken a4 06 a5 Jlles

A LSS L 5 6o Ken a5 il Lo

- Sl EWWS (ganl iy I Nordic gdol i
Ol 4 bgrpe Slodbl (g jslaa> jsbae 4 Nordic dlac
S35y ,n o slaplail o (Sdlae - Sl SV gat
3,5 oolitul addllae 3 0SS

5 Weke by NOrdic gasli iy 2Ll 5 s,

Ol gy90 sy s 3l ol @l oS gy Ol Sen
o] sl e RVACIRIO | saoe ols

ey Sledbl b ge Caxdy nl Jols Guilyel (isu s
G azg b as cuul ol caway o8 oliwl jo gliw ey 5l ol
wigdee o pb S5 5l Loy olgtns Lo pas

9 2 VWA Jlo gl o &8 (aabie gaallas cpl 5o
3 Sllen ilipel Ao 5o Jlo YYFY s b ()b
idold 6yl n 0392 ¥ il gl i 53 s S el o8 (b
oS Gyl 055> 5 2bre ilen ol b ses
Slr b s yas e Sl ¥ plislen o a8l
A el cele oS calond el Gl call S
ol gl aon yo aS Slhles S slaws ol co el A call
ol a3 ¥o anS e LI amae bl ) cilie glacacs o
olawi 4y bgype Sledbl .ol 5 sy YA g 050 Ly VY
Sbew AT 0550 (53955 ulul 1 i 2 )3 53 9)50 Bl
Lol 0as 03,51V Jgaz ;0 (Nja) 05>, sly azian pli] )

Movement and Assistance of Hospital ) g,
S sla g, ale> I (MAPO) s, MAPO (Patients
Sloys Sleas o iy o len fwd ol S, SU5)
sl Jolge b (Aol agzlse a5 oloygiS1 (o9, ol o ol o
Cohe WS e oy |, las - SISl oW s

s g axan sloje, (s )5 sloojex 1o 3Ld 3,00 oLy slass ) Jgue

o9 G s &5 39,
e gylwy gl il b goe>

I\ Y Y Al
f \ s
¥ \ \ b
f Y \ o i
¥ Y \ oS
Y \ \ b
¥ Y \ o) Aiigd
¥ Y \ s
Y 3 \ o
¥ Y \ ) Al duw
¥ Y \ s
Y 3 \ o
¥ Y \ ) EUSRJATES
¥ Y ) as
Y \ | bl
A Y Y e Aoy
¥ Y Y yac
Y \ \ [
A Y Y e dzo>
¥ Y Y rac
Y \ \ o

Yod | VFe) b o oledds Ve 090 (09395, Alxo



i i 5l leyan eolitul b ol (SeosisT b ials

NOrdiC ael iy oolatul b jliwyy o (Seogisd )l LY Jous

As A, A,
A I
A12 All AlO
\ Y \
A18 Al7 AlG
\ \

A24 A23 A22
\

A30 A29 AZS
4 I \

As

A Ay S
v | @550k
Ag Az S
\ v @250k
Agg Asz St
v ) 6,80k
Ag Asg St
6,80k

Az Az St
¥ Al 3,8k

33,5 o0 S5 05 sabal,
Min [w1 . —(le‘;l) +W,. —(Zzz‘;z)]

Sl g o st s Jelse Wy 5 Wy o o o8
Dg g0 433,85 a5 s Ulaal gl

b ST 40, aneS o] gl Bus g 0dgr adas g0 S oyl
L Erame 53 amaS pys Ban ol 5 (Susd (SanisT|
Oeped Wilee gl ojl o Ol n a4 o)ly Sls; (>,
b a8 )S a0 Jae Sl 10 5z b 4 Slog e

o e 5, S )0 i b Sded 90 50 35 )15 -

g 0,90 Wb Cind o 50 b sy g oy aes Lol -

FSET ol g pae o el Cda Za L Yl ) 58 -
Ll 00

Jilas 5 cele FA Sl iy o 6,8 cels -
il e azim s el TY

oS 5 @ Wlgiees Jlgte 9, ¥ 5o )l e -
D 00ls

b 9o ;0 )15 90 4 Bl alin o b by 5o -

Wil 00,55 5 il cad jo aan Job jo g i ST -
WS ek slow cas B oaSTas 5 ¥ 8l

i sl 03,5 S gt yar cnd 53 (s lan 51 -
DS 3l gl 4 wls alolddl o

b ool ol b il b Cdnd o5 by -
55 3l 1 4 )8

k) Joe preas Slaysite g Lol e il alsl s
sl 00 iy a5 (g0l

Ao i/ @

i:1,2,....m Sl il
j:l...n d93g90 oI5 usoil
d:1,....7 Syl 55y il d

ey 2 (Seegistl b lie sl inn cnl 5l oslial b

Y Jsaz 0 (¥ Jguz) Cunl ouls jamin ol = 0

bz gloojo ;o 5 2 lp Vo o)leds gk, slayial)ly
Lol 00l aseie uils gl i

e 5/ 5O 5/ deoli_yi ) 5

4l i DASS Depression- Anxiety- Stress Scale)

S el

YL bl sln (2305 olde 4wl slacgome DASS
ot 35 lS ] oyl 5 Sl Sl (S5 pdl 3 i aible
5 oyl o 55yl Lol cloailis oud g pFoshuil e poliie
Gl pj Oygods oS wbboe Jlgm YV Jald g Sl o i
S0yl 5 (Mg V) Sl ol V) oyl - ailoos
b Gl ) aeliion n cnl el g (2ly) adlios (I V)
DF] el €853 (o 9550 892 5 Sl

S sleelliml 1 eo)ly Sy, — g, b dlie cnl o
GrSosl Al iy ol 5 esliial b ohbie, 4 dilise
D s

B sl s 1o 55 0e ol sl solanul b osg il Jto
25055 2 0 JLen o 4 oly (SeegisSl L Gliee 51 (Il
ol 03,51 (V) olods Camguy ;0 45 Wl oo Ty 6,15 Cand o
B a2y Joe d sl 09ys Ol @ ooz cnl il
D9 g0 415

Won Wiz gyl Joo S ol gallis golpiiny Joo
O S g ol Geds Jo g Joe LIS omis jglate & oo
F S & el Sl by, aie slayie bl
oolil sl abon Wiz Jlaw > 4o oud aislis b i,
e Jlowgl Jooly &2 Dlz 05305 g, ol 5o el 00
RV RWEY

Gl Zy 5 Zy slapli b Jos os sl g0 aslllas ol o
WSlaal 51 S5 5o a4 axg b oo el Jo 5l ey g wload
ool Cussy Z3 5 Z1 L pln iy 4 ol Gl ange o
oolitl b Jow slacasgame soles 4y az g5 b allics olST .oeuil

V) s o oyled - 090 csagisSlale | YeF



oh)en g olg> >
A+ X Y Yo Y=t € Xijraw < T VI ()

Seegiss )l b Slas e adaly ¥ogejled Cosgaae
boese las 1T ey a0 (SwegisSl Ly ol
Oty pled (SogisS )l L Slas Sl by o (SeegisS )|

OOl i wilgS el
Tt Yot Xijraw <1 vijdw (f)

S Sl by o aS wes o L Fososled Congase
aln 3l e, e 0 Cind S g (G Syl Ceend S ,0) S

S5 wilgs oo
Tt X1 X1 8 Xijaw < 48 Viw )
I N1 Xhe1 8 Xjjraw = 32 Vi,w®)

I, ain o oI5 el JHas 5 5STas & 5 0 (glacosgione
2{21 Xijtdw 2 thd Vj!t' d,W )

IXSIRIK) amas )L..,.;).) Slaws asiul Y 6o)l.¢..\i: Codgdme
ik 5Ls 0,90 dlaws 5l yeS wlsd g, gt el 5w
PID W IRD - Kijraw = 1 Vij K

3o s ey o @ Gojled Cusgame elul
S e b LSS Blas | e IS sdes (azan F) (65,400 5

Yic1 Kijraw + Xijedrnw T Kijtrw) <
2 Vijdw d#6,7 @

Tie1 Kijow + Xijrwsn) T Kijrzewrn) <
2 Vijw w # 4 )

Yic1 Kijtew + Xijrw + Xijuw+1)) <
2 Vi j,w w4 an

6)L‘;.,.4)$ T FLY REEX Y QL.“ VY g Ve A lacgogae
Sy Jlsie 55, 4w j0 5SS a4 Larass ol
Yd=1 Xijeaw < 3 Vijw OV

L 6,5 samn o 0 b, oo o plad VY Cosgase
SSlas g (it T L ool cels YY) Blas Codgue 4 azgs
Y Bl whs o )5 cele (cas £ L oplp celn TA)

WS oo a2 ) ) 059>
Y1 Yaor Xijpaw 2 2Viw Vitw (V)

Y1 Yher Xijpaw < 4Viw Vitw %

t1,2,3 395 S5z e sladns
w:l,2,3,4 Syl in W
dojalily @
d 55, 0t cans 15 55 5L 3,90 olbiw p slaws Njeg
by saliwy a4 a5) o8 SiegisS )l L A
(Cewl 00wl s 4y Nordic
byl goezme 5l Chel o 0 5 e s, (>, b

DASS]t = Strjt + Anx]-t + Dep]-t \4 j, t

55 b Gaele sl Gl b 4 bgye 2l St
toas o),

55 ok e sl Slksl b a by e el )y Anxge
tows of 8

L st sl (Sopdl )b & bgye el Depye
teind 0] )5 (s,

S Glwy o a4 a5 Dlae - Sl (SogisS )l L Ljt
HL) 05 e 3)lg el 0 0l arass Gl 4t cal o I8
arg b g ogd o0 Jol> MAPO (g, (salwg 4 )5 (SoegisS)
(295 o0 dle sd..wbu;c (s Az 0 L sl a

doyio @

J5 4w ais sid g, b cas ol by ST Xijaw
c = Oygoipl )09 ) = 0ad 0ol Larady

Xijtaw € {0,1}
V= aols cal ) b mea W atia o i ke, Sy,

C = Ope e
Viw € {0,1}
Sloy @8l 5o by S a0y (SeegisS )l b Gy T
& yaali
Wlo slocysgizs g o

5w ke o 5 4 dlas l ,o Bus wlgs
z; = minll M

Seogio5 ol Sl i 3,5 Bl jslace 4 Jgl Bos &5
el 00U 4»3; ).la.: B u‘)L"“")" P .))‘5

Zy, =
min2?=12}n=12?=12c71=1 W=t DASS;¢ Xijraw M)

ples Slsy 579, )b oo il il pgs San &l g
Lol 5,80l 50590 sk 5o Oyl
5 Gzl sbcggaoe S dacudgase I oalus g0
sl o0 a3 S L 00 e ol 0 oyl pé glacysgame
Coyeiie e oyl g bl Luly, bl clacysgime
bl dacysgame sl 5 S e aseie |, allis

g oo didigh )Ly Sla>de g 005 55 poual

YoV | Fe) 5l oF o les Ve 090 (09395, Alxo



2 ey a5 )5 a4 bae (SeegisS )l b rizes

] 00 GO)BT ¥ JS» Be 05..»‘54

G s galanly 4 (SegisS )l b :F Jgue

&5 soie> el

Ao gy 2l by by 31
q \ | o

\ ¥ Y Joes

s A ¥ %)

250 6,5 Geje S (Hhae - Sl (SeegisS )l L
9 MAPO  fg, 29> @ 4z b (€r) a5 oo o)ly s

el 00 oo)ﬂ IN J9~.\> JLE) A.wl.?u RISy & ¥ JB»

(6jt) i 12 10 5,15 s0j9> 1o (SeogisS )| L0 Jgur

LT s

Aead gilwy (b by 3L 312
e q Y o

\$ #1) ¥ s

£ \$ 5 o}

ras Chid (SeegisSyl b jlade B Jgaz o Jle ol
Oy dr el ol Cawds V) lade 45T Sb e (55l (5059

D9 50 Ao 1)
MAPO
=3
75=8

L= (U2 % 3) + ((3/2) x 1)] x1x1.25x2 =

2 yas Sl p 5 gahuly 4 (SeegisS )l L adlSl
el Y gl § oo jleolaial b ol gybewy s055>
Sl n 6 oy (Hhas -GSl (SeegisS L crlple
M sae b sl ply yae cdnd 0 b

S SS )5 cad saely godmonlii (Jae 29,
PN s ¥ o iin 9,V (b ST gaan T s il
5 Joe 5l Jelb ganley oo aibioe )5 ey ¥
ol G o &S S suisile) Sl Jels Jeaa eizres
ol 00 agh Ay s oo S Gl Lo

-
g IS s 39y &) S gz 2z 5l (3l Jos
gl ged 030 (SagisS )| Dl (s slaig, ;o Y
Ol lor Gilgd sl atidlys aSil ogdle 2oL (5l Joe 1Y
o S Cole, S cuilsd 4 o oSl slacusgama

asls 6“’}13 o5 Lg)tl.w).; ‘_.;o)bb'm » J;Lu & @L.w‘ (Gdus)

i i 5l leyan eolitul b ol (SeosisT b ials

s )0 4 (6 iy 45 9L o Al VF 5 VY (glacusgame

S8 R e

2im1 Xijzaw + Xijzarnw + Xijraszyw) <
2 vitd=#67w )

2im1(Xij 26w T Xij2 7w + Xij,1,wer) <
2 Vitdw+4 %)

2t (XKijz 7w + Xij21,we1) + Xijr2,mw+1) <
2 Vi t,dw=+4 AY)

90 a5 (g Ly a4 a5 AS o e VY B0 lacogase
2,55 3la5 Aol o il il 00,515 Jlgie pac ca

i Y Xijrasyw <1 Vid#z6,w  (A)

Xijzrw + et Zim1 Xijruw+ny < 1 Vi d,w # 409)

s s 5l dm 9SS e el 1A g VA laludgae

basdl

3 i Sledlbl 4y sliwl b aslllae ) 5o onls &3] Jow
b sigmsls 59 VN0 505 5305 5l eolital b (sl8" 590
Intel (R), Core i5, CPU M 480 @ 2.67 64-bit “lasisc
el 00 |,>1 GHz, RAM 4 GB,

a8 gloisn o 5550 sla)lpl ) eslinul b Joe (55555
el 00l Ao y33 g0

Eame o8 Samlre soliie & MAPO s, Jf ol ol
03,51 ¥ ooz 15 6,5 039> Cuple salanly 4 (Sogio | b

] 0

& sloeje )b Gaule 1y MAPO Py sl yeSlE Y Jgus

olingl G gaeje> sl

e (g b 5, L) S o o9
o sl 5I0) MAPO
2 \ Y NC
i Y 10 LF
VIO \ IV WF
A Y Y PC
\ Y \ OP

\ \ \ AF
VYO VYO IV EF
) Y IV TF

VEe) 5l ¥ oylod e 090 csoginsyldlma | VoA



oh)en g olg> >

oy b Al 4Lbls & lpe aads Wiz Oyge 4 GUS S oS
sl ansls s > Gilise IS sla s

0995 b ol tulin g (6890 (saalllae G 50 Jae (6 1515
oo Sl 0B Jow opl oS sle lid gz ge g 5 Swd
Ol Sl slacuglsl 5 35250 Slacasguze (13,5 Ll
o als ) b p (SaasisS )l L

2 od)ly (SeagisSyl b 4 azgi gahuly 4 ol oo
b colsy Gl ama 0 g ol g5 aneS 5 Gl
it i pll y gl b 355 5 b ol
@ S Ol @l g Slosle @dlie S piy sln el
D) 6y p oszee sty 5 e

Gailey ( (Shy win 4 Ol S olid sl
5 ol slasly (SLas sl plis Ko Jelia )5 slacians
Gawley Wlae o Grizmes Sy ikt (Sleas
5 > ssledoe ol o Gl Gl 68 slecas
2P S S & (89,5 SLayie )0 i @ dle Ol 3
LSSy (SaegisS )l )b homiw (soS slaby,

19309 g SKiS
Gk L b ol Geeh sane; 0 a5 ol eles
OO el 4 3B I 3500 Slacudguze 4 4z b a5 5 Wil

oS oo 1y (19,08 5 S5 JLeS puinnss oy

&lo slai
Sylad 0gg adlie olay dllas ol 55K o

SNt 95 o
GRSy 3 558 ghie salpbl Jol> yile gy
Losaly obwl 5 gmiils (6)en b a5 wil oo mlio owiige

YW Oltis Yo

oud 2l plaasbisns (g UMbl 5 slaer Hskiie 4

2 S e g fb b gl i ] Ll ) a5 el
2l e lome ol Lo

S ol

ghio o asbipbl o Jol> pol> ragy Shl @ axg b
5 Olaed L ooy olBiils Lawgs o] Jbo colos il o (55550
el 43 5y O a0 Lesaly obiwl 45 00l 0ol anass axoe &b

REFERENCES

1. Mobasher A, Lim G, Bard JF, Jordan V. Daily scheduling
of nurses in operating suites. IIE Trans Health Care Syst
Eng. 2011;1(4):232-46.

bl oo Joo cpl lacailB 5 Lol 51l as ol

ok laatis g lacele cws sla by, pl » odle v
Ouled as o5 &l el sannle; lp laebp ol B el
Sl 0925 Al o plallas a5 aldl § 05l Cule,

Sy & S (22l Jae oog S con  edle
03,5l s o aS amil (g pdyillanil 5 yloj (039> O (Swd
L) PLIGW é.‘.aysf)‘ LQLQA&.M)) EgoTmo 09 e Gl 00l
Tro 9 390 Dly (Seegistl Joie Jb sain b s by
lse 25 S)pe @ ]

s gl gasly 5 eoleiin oo b amlie
S G 8 (SengisS I b e (i s oo (LS 352
S el «.\}‘3 f.¥f su;'i.w\) LJ’"S) 4 J.‘> B )‘AM oD
Doy dia (! 10 (60,0 VY Do (godumo L

Jae b olben Sl —>s) b g e
fu )L.\SLA Lf‘ aS el od.n" Cawdo “'\}‘3 OYaA )lm ‘LSQM
Lyl )l 090 sLsS 5 conl ools F, aney ol jo (gasye Ve
oo sl 4 Sans g3liiny sasbn o b Sy,
Oyl cpl soled (g lisle e slocusgase o golpiin
Y oo)lads Cavgm Jouz 0 a5 shiles Ll 0,5 oo Hlai o |,
Lol ools 75 gliwloy dailgs b )15 el

S 5 A%

S it sl dles )b & agy il o
Jed 31 Sl (28,5 55 50 b s Jos g tslo g ol
28 obcudgame 5 dlike slopaass ohley m> s
2 e g 9,l0 02y alie el pbl o jlan (6999 p>
2205 (b qeatad axlge T L &S )15 (59,5 09 oy
b ambre Jed 5l oo slasagyy ooyl cwes a4 sy
295 31 S99y (SeepsS )15l 9 6 la it (SKagisS )|
o235 oolizl DASS 5 Nordic (sloasl s, s MAPO

IS o el 3, 5l ) Al ol ol
ool ol adan wix Jlas > 5 oad aislin gl s,
08 )l Jolaz salews 4 o] gl 5 mao S

Ol hled pas & (lgie Ghogh slacusgaxe
2,5 o)Ll Gieghy (e oSS 4 az gl 0555l 4l ley
g a8 S IS 4 wilgh oo elie yo Lo ol Lyl Joo rizeen

[DOI: 10.1080/19488300.2011.631097]
2. Scott LD, Rogers AE, Hwang WT, Zhang Y. Effects of
critical care nurses’ work hours on vigilance and patients.

Yoq | NP sl ¥ oyl e 090 (o0gisS ] alxo


https://doi.org/10.1080/19488300.2011.631097

10.

11.

12.

13.

14.

15.

16.

Am J Crit Care. 2006;15(1):30-7. [PMID

Azizi N, Zolfaghari S, Liang M. Modeling job rotation in
manufacturing systems: The study of employee's boredom
and skill variations. Int J Prod Econ. 2010;123(1):69-85.
[DOI: 10.1016/.ijpe.2009.07.010]

Tharmmaphornphilas W, Norman BA. A quantitative
method for determining proper job rotation intervals. Ann
Oper Res. 2004;128(1-4):251-66.

Bhadury J, Radovilsky Z. Job rotation using the multi-
period assignment model. Int J Prod Res.
2006;44(20):4431-44.

[DOI: 10.1080/00207540500057621]

Seibert SE, Kraimer ML, Liden RC, Seibert S, Kraimer ML.
A social capital theory of career success. Acad Manag J.
2001;44(2):219-37. [DOI: 10.2307/3069452

Hsieh AT, Chao HY. A reassessment of the relationship
between job specialization, job rotation and job burnout:
example of Taiwan’s high-technology industry. Int J Hum
Resour Manag. 2004;15(6):1108-123. [DOL:
10.1080/09585190410001677331]

Lin F, St John W, Mcveigh C. Burnout among hospital
nurses in China. J Nurs Manag. 2009;17(3):294-301. [DOI:
10.1111/j.1365-2834.2008.00914.x] [PMID]

Jarvi M, Uusitalo T. Job rotation in nursing: a study of job
rotation among nursing personnel from the literature and
via a questionnaire. J Nurs Manag. 2004;12(5):337-47.
[DOI: 10.1111/j.1365-2834.2004.00445.x] [PMID]

Fujino M, Nojima Y. Effects of ward rotation on subsequent
transition processes of Japanese clinical nurses. Nurs
Health Sci.  2005;7(1):37-44.[DOI:  10.1111/j.1442-
2018.2005.00219.x] [PMID]

Carnahan BJ, Norman BA, Redfern MS. Incorporating
physical demand criteria into assembly line balancing. IIE
Trans. 2001;33(10):220-34.

[DOI: 10.1080/07408170108936880]

Carnahan BJ, Redfern MS, Norman B. Designing safe job
rotation schedules using optimization and heuristic search.
Ergonomics. 2000;43(4):543-60. [DOI:
10.1080/001401300184404] [PMID]

Suzuki K, Ohida T, Kaneita Y, Yokoyama E, Miyake T,
Harano S, et al. Mental health status, shift work, and
occupational accidents among hospital nurses in Japan.
J Occup Health. 2004;46(6):448-54.

[DOI: 10.1539/joh.46.448] [PMID]

Smith-Coggins R, Rosekind MR, Hurd S, Buccino KR.
Relationship of day versus night sleep to physician
performance and mood. Ann Emerg Med. 1994;24(5):928-
34. [DOI: 10.1016/s0196-0644(94)70209-8] [PMID]
Mokhtarinia H, Shafiee A, Pashmdarfard M. Translation
and localization of the Extended Nordic Musculoskeletal
Questionnaire and the evaluation of the face validity and
test-retest reliability of its Persian version [in Persian]. Iran
J Ergon. 2015;3(3):21-9.

Samani S, Jokar B. Validity and reliability short-form
version of the depression, anxiety and stress [in Persian].
Journal of Social and Human Sciences 2001;52.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

i i 5l leyan eolitul b ol (SeosisT b ials

Millar HH, Kiragu M. Cyclic and non-cyclic scheduling of 12
h shift nurses by network programming. Eur J Oper Res.
1998;104(3):582-92. [DOL: 10.1016/S0377-
2217(97)00006-4

Warner DM, Prawda J. A mathematical programming
model for scheduling nursing personnel in a hospital.
Manage Sci. 1972;19(4-1):411-22.

[DOI: 10.1287/mnsc.19.4.411]

Thornton J, Sattar A. An integer programming-based nurse
rostering  system.  Concurrency and Parallelism,
Programming, Networking, and Security. Proceeding of the
Second Asian Computing Science Conference; 1996 Dec
2-5; Singapore; p. 357-8.

Gharagozlou F, Karamimarin B, Kashefi H, Nikravesh
Babaei D, Bakhtyarizadeh F, Rahimi S. The relationship
between quality of work life of nurses working in
Kermanshah Educational hospitals with their perception
and evaluation of workload in 2017 [in Persian]. IOH.
2020;17(1):25-36.

Arthur JL, Ravindran A. A multiple objective nurse
scheduling model. AIIE Trans. 1981;13(1):55-60. [DOI:
10.1080/05695558108974536]

Azaiez MN, Al Sharif SS. A 0-1 goal programming model
for nurse scheduling. Comput Oper Res. 2005;32(3):491-
507. [DOI: 10.1016/S0305-0548(03)00249-1]

Azimi S, Sepehri MM, Etemadian M. A nurse scheduling
model under real life constraints. Int J Hosp Res.
2015;4(1):1-8.

Topaloglu S, Ozkarahan I. An implicit goal programming
model for the tour scheduling problem considering the
employee work preferences. Ann Oper Res. 2004;128(1-
4):135-58. [DOI: 10.1023/B:ANOR.0000019102.68222.df]
Bard JF, Purnomo HW. Short-term nurse scheduling in
response to daily fluctuations in supply and demand.
Health Care Manag Sci. 2005;8(4):315-24. [DOI:
10.1007/s10729-005-4141-9] [PMID]

Bard JF, Purnomo HW. Cyclic preference scheduling of
nurses using a Lagrangian-based heuristic. J Sched.
2007;10(1):5-23.

Trilling L, Guinet A, Le Magny D. Nurse scheduling using
integer linear programming and constraint programming.
IFAC Proc. 2006;39(3):671-6. [DOI: 10.3182/20060517-3-
FR-2903.00340

Roénnberg E, Larsson T. Automating the self-scheduling
process of nurses in Swedish healthcare: a pilot study.
Health Care Manag Sci. 2010;13(1):35-53. [DOI:
10.1007/s10729-009-9107-x] [PMID]

Yilmaz E. A mathematical programming model for
scheduling of nurses’ labor shifts. J Med Syst.
2012;36(2):491-6. [DOI:  10.1007/s10916-010-9494-7]
[PMID]

Behnamian J, Akhavan Z. Proposing a mathematical
model and lower bound for ergonomic job rotation
scheduling problem [in Persian]. J Isfahan Med Sch.
2018;16(50):105-24. [DOI: 10.22054/jims.2018.9108]

Vo) sl ¥ o)leis N+ 0y90 csosisSylalme | Yo


https://pubmed.ncbi.nlm.nih.gov/16391312/
https://doi.org/10.1016/j.ijpe.2009.07.010
http://dx.doi.org/10.1080/00207540500057621
http://dx.doi.org/10.2307/3069452
https://doi.org/10.1080/09585190410001677331
https://doi.org/10.1111/j.1365-2834.2008.00914.x
https://pubmed.ncbi.nlm.nih.gov/21456318/
https://doi.org/10.1111/j.1365-2834.2004.00445.x
https://pubmed.ncbi.nlm.nih.gov/15315490/
https://doi.org/10.1111/j.1442-2018.2005.00219.x
https://doi.org/10.1111/j.1442-2018.2005.00219.x
https://pubmed.ncbi.nlm.nih.gov/15670005/
https://doi.org/10.1080/07408170108936880
https://doi.org/10.1080/001401300184404
https://pubmed.ncbi.nlm.nih.gov/10801086/
https://doi.org/10.1539/joh.46.448
https://pubmed.ncbi.nlm.nih.gov/15613767/
https://doi.org/10.1016/s0196-0644(94)70209-8
https://pubmed.ncbi.nlm.nih.gov/7978567/
https://doi.org/10.1016/S0377-2217(97)00006-4
https://doi.org/10.1016/S0377-2217(97)00006-4
https://doi.org/10.1287/mnsc.19.4.411
https://doi.org/10.1080/05695558108974536
https://doi.org/10.1016/S0305-0548(03)00249-1
http://dx.doi.org/10.1023/B:ANOR.0000019102.68222.df
https://doi.org/10.1007/s10729-005-4141-9
https://pubmed.ncbi.nlm.nih.gov/16379414/
https://doi.org/10.3182/20060517-3-FR-2903.00340
https://doi.org/10.3182/20060517-3-FR-2903.00340
https://doi.org/10.1007/s10729-009-9107-x
https://pubmed.ncbi.nlm.nih.gov/20402281/
https://doi.org/10.1007/s10916-010-9494-z
https://pubmed.ncbi.nlm.nih.gov/20703701/
https://doi.org/10.22054/jims.2018.9108

4| o,lw s“«u,g
D9 o0 dmlime o 70 4 (5,15 loeje ar dlly pf alitie slacis SiegisS )l b (samle B Jgom Sledlbl 5l solail b
ji[35 5 8
DASS;; = j2[65 9 13 1 V50 6555 slooje Sy~ o> b
o Jz3l9 12 17
h[3 4 6
&t = 219 11 16 (i Vo 6,5 sleojer Sdlac - alSul L
jal24 16 41

TN | VP Sl o oledds Ve 090 (09395, Alxo



