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Abstract 

Job rotation is a type of work organization that provides the ability for doing more than one jobs for workers by directed 

those to different works at certain times of a working day. Mental and physical fatigue occurred on workers by high 

repetitive, needing attention and monotonous jobs are prevented with job rotation. By determining appropriate job 

rotation strategy, worker’s productivity increase, company’s production quantity and profitability are also increase. In 

this study, optimal job rotation strategy is attempted to determine by using mathematical model that aims the 

maximization of the production quantity in addition to reduce mental and physical fatigue. The mixed integer 

programming model is used for mathematical model. OWAS (Ovako Working Posture Analysis System) and NASA TLX 

(National Aeronautics and Space Administration Task Load Index) approaches are used to evaluate physical and mental 

exposure respectively. Moreover, performance changes among workers are also considered in the proposed model.  
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Introduction  

Job rotation is a process that includes structured 
interchange of workers between different jobs or 
different work stations. Job rotation requires rotating 
workers between different workstations or jobs at a 
certain time intervals. Variety of tasks, duties and 
workers’ skills are increased by the help of the job 
rotation. It has many great benefits for the workers and 
work places. Reduced physical exposure because of the 
physical demands of the jobs or tasks is emerged by the 
job rotation. Physiological stress, strain, and fatigue of 
muscle group used for one job are also decreased. At the 
same time, incidents and severity of occupational 
musculoskeletal disorders (OMSDs) decrease. Work 

process efficiency is increased with job rotation 
implementation. It supports increasing job assignment 
flexibility over time. Boredom and complacency is 
declined because of the possibility for working in 
different jobs. This affects the productivity of the 
manufacturing process and the quality of the products. 
Finally, absenteeism and turnover of the workers reduce. 

 
It is a powerful control measure for the high risk jobs 

or tasks. However, job rotation doesn’t eliminate the 
ergonomic risk factors in a desirable level. When a job 
rotation strategy is applied, there have still been 
ergonomic problems related to jobs or tasks. For this 
reason considering ergonomic conditions of the jobs or 
tasks, suitable job rotation strategy should be structured. 
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Managers have much greater flexibility when workers are 
trained to perform a variety of jobs. For the effective 
design of the job rotation strategy each job is evaluated 
considering job factors as muscle groups used, forces, 
postures, repetition, sustained exertions, tools utilized, 
and skill / training requirements etc. by the expert team. 
This expert team should include consult management, 
supervisors, group leaders, safety and ergonomics team 
members and employees.  

 
There is limited number of studies related to 

structuring suitable job rotation strategy. Seçkiner and 
Kurt [1] showed the effectiveness of ant colony 
optimization for solving the job rotation scheduling 
problem. Aryanezhad et al. [2] developed an approach 
dealing with safe skill-based job rotation scheduling 
(SSJRS). Tharmmaphornphilas [3] proposed a job rotation 
scheduling method by using administrative controls and a 
computer programming model to reduce the likelihood of 
worker hearing loss. Otto and Scholl [4] presented the 
ways to structure effective job rotation schedules that 
consider balancing ergonomic risks among workers. Song 
et al. [5] presented a job rotation algorithm that 
minimizes musculoskeletal disorders with decreasing the 
overall workload. Moussavi, et al. [6] developed a rotation 
program that considers ergonomic risks for a planning 
period. Yoon, et al. [7] proposed a job rotation schedule 
by using a mathematical model that reduces cumulative 
workload of the same body region. As seen from the 
literature, most of the ergonomic factors except mental 
workload have been considered for establishing job 
rotation strategy. However, mental workload is a key 
point in for higher levels of comfort, satisfaction, 
efficiency, and safety in the workplace and workers’ 
productivity. Besides, performance changes of workers, 
posture and load related risk factors have not been 
evaluated in the job rotation schedules in the context of 
the literature. 

 
Xie and Salvendy [8] advanced a practical model to 

predict mental workload occurring in single and multi-
tasks production process. Jung and Jung [9] proposed a 
workload estimation model by performing AHP and fuzzy 
logic to determine workload of workers in human-
machine systems. Dağdeviren, et al. 10] developed a total 
workload estimation model via using Analytic Network 
Process (ANP). Corominas, et al. [11] aimed to balance 
assembly line for motorcycles production due to the 
change of production in spring and summer. They 
preferred to use 0-1 integer programming model. 
Wongwien and Nanthavanij [12] aimed to solve 
ergonomic workload scheduling problem considering 
daily noise exposure threshold. Kara VD [13] handled an 
assembly line balancing problem including resource and 

ergonomic constraints as psychological, physical 
exposure, worker skills, the necessity of using more than 
one workers condition of the equipment used, risk level of 
working postures. Akyol and Baykasoğlu [14] suggested a 
new worker assignment and balancing model regarding 
ergonomic risks. The proposed model consists of multiple 
rule-based constructive heuristic approaches. To evaluate 
ergonomic risks in their study, Occupational Repetitive 
Actions (OCRA) index was implemented with the support 
of goal programming. Otto and Battaia [15,16] reviewed 
current optimization approaches including assembly line 
balancing and job rotation. Comper, et al. [17] evaluated 
the effectiveness of job rotation implementing for 
reducing lost working hours due to musculoskeletal 
disorders. Wongwien and Nanthavanij [18] stated in their 
studies that job rotation helps to increase workers’ 
efficiencies appointing the right workers at the right 
times in each period. Wongwien and Nanthavanij [18] 
developed multiple goal ergonomic worker scheduling 
models. Their aims are three-fold as minimizing the 
numbers of workers for job rotation, maximizing the total 
efficiency, minimizing worker-tasks changes. In this 
context, they used integer programming model and 
heuristic approach. Dolgui, et al. (2018) [19] suggested a 
complex integer programming model that aims to 
minimize the maximum number of workers, exceeding 
cycle time of line and possible numbers of workers for 
each task. Fini, et al. (2018) [20] proposed a new 
approach based on task assignment in teams in the 
construction industry to balance workload considering 
the skill levels, experience levels, learning rates, fatigue 
rates of different workers. 

 
In this study a proactive optimal job rotation strategy 

is proposed by considering physical exposure and never 
studied mental work load of the workers. A zero-one 
programming model that aims the maximization of the 
production quantity in addition to reduce mental and 
physical fatigue is structured for finding optimal strategy. 
OWAS (Ovako Working Posture Analysis System) and 
NASA TLX (National Aeronautics and Space 
Administration Task Load Index) approaches are used to 
evaluate physical and mental exposure respectively. 
Moreover, performance changes among workers are also 
considered in the proposed model.  
 

Method 

Ovako Working Posture Analyzing System 
(OWAS) 

OWAS is developed by Ovako Oy [21]. It is a practical 
method for evaluating working postures and determining 
the risk level of these postures based on work sampling. 
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OWAS evaluates the working postures of three body parts 
as back, arms and legs. Three posture categories for arm, 
four posture categories for back and seven posture 
categories for legs are consisted in OWAS. Besides, the 

weight of the load handled is analyzed by dividing in to 
three categories. These posture categories related to the 
body parts are shown in Figure 1.Coding system of OWAS 
is given in Figure 1. 

 

 

Figure 1: Working postures categorized in OWAS method [22]. 
 

OWAS aims to determine the time spent for each work 
and the frequency of postures in a certain time range [23]. 

Acceptable percentage of the each code for each body part 
is represented in Table 1. 

 
Trunk 

Posture 
Code 

Time (%) Risk Level 
Arm 

Posture 
Code 

Time 
(%) 

Risk Level 
Lower Body 

Posture 
Code 

Time (%) Risk Level 

1 %100 Acceptable 1 %100 Acceptable 
1 

%90 Acceptable 

 
 
 

2 

%30 Acceptable 
 
 
 

2 

%30 Acceptable %90 - %100 
Somewhat 
dangerous 

%30 - %80 
Somewhat 
dangerous 

%30 - %80 
Somewhat 
dangerous 

 
 

2 

%80 Acceptable 

%80 -%100 Very dangerous %80 - %100 Very dangerous %80 - %100 
Somewhat 
dangerous 

 
 

3 

%20 Acceptable 
 
 

3 

%20 Acceptable 
 
 

3 

%30 Acceptable 

%20 - %50 
Somewhat 
dangerous 

%20 - %70 
Somewhat 
dangerous 

%30 - %80 
Somewhat 
dangerous 

%50 - %100 Very dangerous %70 - %100 Very dangerous %80 - %100 Very dangerous 

 
 
 

4 

%5 Acceptable    
 
 
 

4-5 

%5 Acceptable 

%5 - %30 
Somewhat 
dangerous 

   %5 - %30 
Somewhat 
dangerous 

%30 - %70 Very dangerous    %30 - %70 Very dangerous 
%70 - %100 Too dangerous    %70 -%100 Too dangerous 

      
 
 

6 

%20 Acceptable 

      %20 - %50 
Somewhat 
dangerous 

      %50 - %100 Very dangerous 
      

 
7 

%80 Acceptable 

      %80 - %100 
Somewhat 
dangerous 

Posture combinations are evaluated in terms of risk level according to the 4 risk categories.  
Table 1: Acceptable percentage of the each body part. 
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Risk category Definition 

Category 1 
Working postures don’t have any harmful effect on musculoskeletal system. There is no need of 

ergonomic regulations for these postures. 

Category 2 
There are some harmful effects of working postures on the musculoskeletal system. Necessary 

ergonomic regulations should be planned in the future. 

Category 3 
Working postures have some harmful effects on the musculoskeletal system. Necessary ergonomic 

regulations should be planned as soon as possible. 

Category 4 
Working postures have very harmful effects on the musculoskeletal system. Necessary ergonomic 

regulations should be implemented urgently. 

OWAS is used for posture evaluation in many studies in the literature [24-28]. 
Table 2: Risk categories in OWAS. 
 

National Aeronautics and Space Administration 
Task Load Index (NASA TLX) 

NASA TLX grades the mental workload considering six 
dimensions as physical and mental demands, temporal 
demand and performance level, effort and frustration 
levels. It is a reliable and accurate analysis tool and its 
scale validity and reliability were verified in many studies. 
The physical demand is the amount of physical activity 
necessary for the completion of the work. The mental 
demand means that the mental and sensory activity 
required during the completion of the work. Temporal 
demand represents the amount of working pace and time 
stress caused by the completion of the work. The 
performance level demonstrates the degree of success 
which the employee feels him/her in the completion of 
the job on time. The effort dimension is the amount of 
physical and mental exertion for the achievement of the 
performance level specified. The frustration level shows 

the level of insecurity, disenchantment and anger during 
the completion of the work. 
 

NASA TLX scale consists of two parts. Each of six 
mental workload dimensions is graded between 0-100 
with taking into consideration of work done in the first 
part by worker. The second part includes the pair wise 
comparison to determine the dominance of the dimension 
over the others. 15 double comparisons are performed for 
six different dimensions totally. Considering the 
comparisons and using the grades obtained in the first 
part, the workload values can be computed for each 
dimension. Mental workload point is obtained by the 
summation of the six dimensions workload points as 
given in Eq. (1). The mental workload varies between 0 
and 100. NASA TLX Rating Scale Definitions are given in 
Table 3. 

 
                = MD PD TD FL EL PLMD W PD W TD W FL W EL W PL W            (1) 

 
Title Endpoints Descriptions 

Mental 
Demand 

Low/High 
How much mental and perceptual activity was required (e.g., thinking, deciding, calculating, 

remebering, looking, searching etc.)? Was the task easy or demanding, simple or complex, 
exacting or forgiving? 

Physical 
Demand 

Low/High 
How much physical activity was required (e.g., pushing, pulling, turning, controlling, 

activating, etc.)? Was the task easy or demanding, slow or brisk, slack or strenous, restful 
 or laborious? 

Temporal 
Demand 

Low/High 
How much time pressure did you feel due to the rate or pace at which the tasks or task 

elements occured? Was the pace slow and leisurely or rapid and frantic? 

Performance Good/Poor 
How successful do you think you were in accomplishing the goals of the task set by the 

experimenter (or yourself)? How satisfied were you with your performance in  
accomplishing these goals? 

Effort Low/High 
How hard did you have to work (mentally and physically) to accomplish your level of 

performance? 
Frustration 

Level 
Low/High 

How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified,  
content, relaxed and complacent did you feel during the task? 

Table 3: NASA TLX Rating Scale Definitions. 
NASA TLX has been used to determine subjective workload in many studie [29-31]. 
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The Proposed Approach 

The proposed approach consists of three main stage as 
analyzing working postures with OWAS, obtaining mental 
workload scores with NASA TLX and determining optimal 
job rotation strategy with zero-one integer programming. 
Steps of the proposed approach are given below. 
 
 Step 1: Analyze working postures of workers by using 
OWAS 
Working postures of each worker are evaluated according 
to OWAS procedure as stated in Section 2.1. 
 
 Step 2: Compute mental workload of each worker by 
using NASA TLX 
Mental workloads of each worker are computed 
according to NASA TLX procedure as represented in 
Section 2.2. 
 
 Step 3: Determine the optimal job rotation strategy by 
using zero-one integer programming 
 

This step aims to introduce how it is possible to 
increase the production quantity by developing proper 
job rotation within in the work shift and, at the same time 
to reduce the risk of mental and physical fatigue of the 
workers. Therefore, optimal job rotation strategy that 
maximizes production quantity and reduces mental and 
physical fatigue is determined by using zero-one integer 
programming. In this context, notations used in zero-one 
integer programming are given below [32,33]. 

 
It is assumed that the firm works only one shift. This 

work shift consists of   working time slots. The total 
duration of work shift   , excluding the planned breaks, is 
equal to the sum of the   working time slot durations   . 
Workers are divided into   categories. The worker𝑚 (𝑚  
     ) perform each specific job   with a predetermined 
performance rate. Task completion time per unit mkt is 

used to measure the performance of the worker𝑚 in the 
manual repetitive task   and it changes depending on 
performance rate of the worker. Therefore, each worker 
𝑚 can be characterized by his performance rate. The 
completion time  mkt  can be expressed as a function of the 

workers performance rate  mkt  is computed as in Eq.(2). 

k
mk

mk

t
t

c
 (2) 

 
Where kt , is the task completion time and    , is the 

performance rate coefficient ( 0)mkc   of the worker 𝑚 for 

the given task  . mkt is a decreasing function of kt . 

 

Considering ergonomic conditions, for each worker𝑚, 
OWAS and NASA TLX values must be in acceptable levels 
to increase production quantity. According to definitions 
given above, zero-one integer programming model is 
presented as follows. 
 

 
(3) 

 
     

1
1, ,

n

k mkt
y m t


   (4) 

1

1
1, ,

m mkt
y k t


   (5) 

1 , , ,t
mkt

mk

D
x m k t

t
    (6) 

min max ,k k kx x x k    (7) 

   1, 1, , ,acc

p pm l
OWAS OWAS m p   (8) 

   2, 2, , ,acc

r rm m
OWAS OWAS m r  (9) 

   3, 3, , ,acc

s sm m
OWAS OWAS m s   (10) 

   4, 4, , ,acc

v vm m
OWAS OWAS m v   (11) 

max ,m mNTLX NTLX m   (12) 

 0,1mkty   (13) 

 
The proposed model is an integer nonlinear 

programming model. Among the decision 
variables,    are defined as binary. It is assumed that it 
has a unique value when worker 𝑚 is assigned to work   
in the period  , and zero otherwise. 

 
The objective function given with Eq. (3) defines the 

maximization of the production quantity performed by all 
workers and it is denoted as    . Constraints given with 
Eq. (4) and (5) provide that each worker (𝑚) is assigned a 
work( )provided that   is equal to  . Constraint given 
with Eq. (6) shows that the maximum production quantity 
of a work ( ) is based on the performance rate of the 
worker (𝑚) assigned tothis work. Constraint given with 
Eq. (7) limits the quantity of production because of the 
production quantity that can be accepted in each shift. 
Constraints given with Eq. (8-11) defines an acceptable 
risk values         for each posture for each worker. 
This acceptable value is obtained by OWAS method. Each 
posture is separated into different categories as shown in 
Section 2.1. and the model is constructed based on this 
categorization. To integrate OWAS method with the 
proposed model, first index is used for symbolizing 
posture code and second index is used for identifying the 
categories of each posture code respectively. Technical 
coefficients related to Constraints given with Eq. (8-11) 
are computed as in Eq. (14). Constraint given with Eq. 

1

1 1 1
0.F. max

n h

mkt mktm k t
y x
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(12) defines acceptable upper limit        for mental 
fatigue for each worker. Technical coefficients related to 
Constraint given with Eq. (12) are computed as in Eq. 

(15). Constraint given with Eq. (13) describes that 
decision variables     are binary. 

 

    1,2,3,4 , , , , 1
, , :

n mkt m

mp r s v km
t

y f
OWAS t f timeof current posture for eachworkers

D
   (14) 

* , , , , :m mkt mkt mktNTLX y A m k t A NASATLX score for each workers   (15) 
 

Application 

This study is conducted in a dishwasher production 
factory in Ankara. All workers are done their work in 
standing posture. Many workers on the dishwasher 
assembly line take breaks and medical reports due to 
musculoskeletal disorders. Working postures related to 
body insertion to the dishwasher, attachment of the 
gasket to the chamber, fitting sealing sponge, detergent 

dispenser assembly, drum fitting jobs are analyzed with 
OWAS. Workers have been performed their jobs in the 
dishwasher assembly for eight hour shift (08:00 am-17:00 
pm). Three breaks are planned in each shift. Therefore, 
each work shift is divided into four working time slots. 
Production time slots and breaks are depicted in Table4. 
The actual working time of one work shift is 450 minutes 
(two 15 minutes breaks and one 60 minutes lunch break).  

 
08:00-17:00 

08:00-10:00 10:00-10:15 10:15-12:00 12:00-13:00 13:00-15:00 15:00-15:15 15:15-17:00 
working break working break working break working 
120 min 15 min 105 min 60 min 120 min 15 min 105 min 

Table 4: Production and break times. 
 

Predetermined five jobs are performed in independent 
parallel manual assembly work stations. Body insertion to 
the dishwasher job is done in workstation 1, attachment 
of the gasket to the chamber job is done in workstation 2, 
fitting sealing sponge is performed in workstation 3, 
detergent dispenser assembly job is performed in 
workstation 4 and, drum fitting job is performed in 
workstation 5. One operator is working in each station. 
Each worker has ability to perform these five different 
jobs. Besides, each worker has ability to perform these 
five different jobs with different performance level. In the 
context of the study 4 skill levels have been determined 
as. To obtain the maximum production quantity in each 
station, the most skilled worker/s should assign to each 
station.  
 Step 1: Analyze working postures of workers by using 
OWAS 

For utilizing OWAS method 5workers are recorded for 
30 minutes [34]. 30 minutes include 50 job cycles for 
body insertion to the dishwasher, 40 cycles for 
attachment of the gasket to the chamber, 35 cycles for 
fitting sealing sponge, 30 cycles for detergent dispenser 
assembly, 52 cycles for drum fitting and these numbers 
are found to be enough to represent the whole job. The 
postures represented in each task are recorded with 
video. Vide record is stopped every five second to 
increase the observational sensitivity [23] and 9000 
posture images is coded according to OWAS method for 
each worker. WinO was package software is used for 
analyzing postures. 1800 working postures are gathered 
and the risk categories of these postures are shown in 
Table 5. 

 

 
Workers 

Posture durations of first workers for different body parts (min) 
Trunk Posture Arm Posture Lower Body Posture Load 

1 2 3 4 1 2 3 1 2 3 4 5 6 7 1 2 3 
1. work 16 11 7 3 16 13 10 16 7 6 6 4 3 6 10 5 3 
2. work 13 13 6 4 19 12 8 13 11 6 3 6 3 6 15 7 1.5 
3. work 19 13 3 1.5 13 16 10 19 6 10 6 1.5 1.5 3 17 9 5 

4. work 21 15 3 3 21 11 7 16 13 1.5 1.5 3 1.5 4 10 7 2 

5.work 26 8 4 1 23 9.5 3 13 11 3 4 1.5 0.6 13 11 5 3 

Table 5: Posture values for each work. 
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 Step 2: Compute mental workload of each worker by 
using NASA TLX 
 

NASA TLX scale is used for measuring the mental 
workload of the assembly line worker. The scale was 
applied each five predetermined job rotation period. The 

scale was given as a written document to the workers 
after the definitions related to NASA TLX is done to them 
in a face to face manner. The scale was distributed to the 
workers at the same time; at the end of the rotation 
period.  

 

NASA TLX Points 
    1.worker 2.worker 3.worker 4.worker 5.worker 

 
1 

1 44.67 44.67 39.67 48.33 43.33 
2 49.63 42.33 58.67 50 45 
3 50 47.33 39.67 49.67 51.67 
4 40.33 44.67 39.67 51.33 48 

Table 6: NASA TLX Points of workers for the first period for 5 different tasks. 
 
 Step 3: Determine the optimal job rotation strategy by 
using zero-one integer programming 

 
In this study the different performance rate of workers 

are considered. This can differentiate production quantity 
due to changing production time. In Table 7, an optimal 
solution of job rotation problem is shown based on 
production quantity. Moreover, worker assignments to 

five jobs are seen from Table 6. As an example, first 
worker is assigned to the first and fifth job sat the first 
and fourth periods and at the first and third periods, 
respectively. The same interpretation can be made for the 
others. According to the results of the proposed model, it 
is seen that a worker is assigned to each work. Similarly, it 
is seen that a work is assigned to each worker [35,36]. 

 

    
        

                

 
1 

1  263  263 

 
1142 

2     
3     
4     
5 308  308  

 
2 

1     

 
521 

2  140   
3 139   122 
4   120  
5     

 
3 

1     

 
455 

2    127 
3  125   
4 108 95   
5     

 
4 

1 250  250  

 
861 

2     
3     
4    132 
5  229   

 
5 

1     

 
565 

2 145  145  
3  110   
4     
5    165 

Table 7: Job rotation schedule. 
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Conclusion 

This study aims to provide an optimal job rotation 
strategy that maximizes production quantity and 
minimizes mental and physical fatique. In this context a 
nonlinear zero-one integer programming model is 
established. The proposed model is an original approach 
according to the studies in the literature. Forwhy, this 
model includes mental and physical exposure level of 
workers for each working period. In addition, this model 
can be processed different ergonomic conditions and 
different job rotation strategies can be obtain. 
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