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Abstract: Repetitive work as handling of low loads at high frequency commonly leads to deteriorated posture and 
movement co-ordination. Such behaviors are the main cause of occupational diseases as the so-called 
musculoskeletal disorders (MSDs). The appearance of such occupational diseases exposes the workers to hazardous 
situations, furthermore, work-related MSDs increase the risk of errors and frequently result in reduced productivity 
and quality. The features of the task, the characteristics and expertise of the workers and the work organization are 
the main risk factors in repetitive work. Additional factors include the work conditions as noise, illumination, climate 
and vibration. The legislation in force suggests avoiding hazardous manual handling tasks wherever possible. When 
repetitive handling is unavoidable, the corrective procedure includes the ergonomic design of the tools and 
workplace dimensions, as well as the systematic variation of activities to equalize the load situation.  

This paper presents an integer linear programming model to seek the optimal activity scheduling for workers 
exposed to the ergonomic risk of repetitive work. The aim is to define the scheduling of the work activities for each 
worker from a bi-objective perspective. Two different functions are introduced: the first charges the workers with 
the activities that better fit their competencies and characteristics, while the latter tackles the ergonomic risk of the 
repetitive activities by varying the intensity of movements throughout the shift. Finally, the proposed model includes 
the ergonomic risk assessment to ensure the ergonomic safety of each worker.  

A case study, based on a bi-objective analysis, is discussed to show the benefits coming from the application of the 
proposed model and to evaluate the impact of the ergonomic issues on the overall efficiency of the work system. 
The key results outline the effectiveness of the proposed method revealing that the ergonomic based approach leads 
to minimal decreasing in the overall efficiency of the work system. Furthermore, the proposed model is applicable to 
several contexts where workers are asked to perform repetitive tasks with low loads at high frequency. 

Keywords: Ergonomics; job rotation; OCRA method; Musculoskeletal disorders; Integer linear 
programming.

1.Introduction and literature review 

The study of ergonomic workplaces is reaching the 
attention of many industries and companies. Several 
studies have shown that Musculoskeletal Disorders 
(MSDs) lead to significant loss of productivity due to 
higher absenteeism and injures rates. Manual material 
handling activities are the major cause of MSDs in the 
upper-body extremities, particularly among assembly 
workers. Working activities involving repetitive 
movements of the upper-limbs and frequent manual 
handling operations increase the boredom of workers 
while reducing their performance, satisfaction and safety 
level (Fonseca et al., 2013). The aim of this study is to 
design job rotation policies for working activities of 
handling low loads at high-frequency, considering the 
characteristics of both workers and tasks to accomplish. 
The designed job rotation policy includes the ergonomic 
risk assessment of the workers through the well-known 
OCRA method (Occhipinti, 1998). The OCRA index is a 

measure of the ergonomic risk of repetitive work as 
handling of low loads at high frequency  (ISO 11228-3, 
2007). The higher the value of the OCRA index, the 
higher the ergonomic risk for the worker is. 

Work-related MSDs are the most popular occupational 
health problem in the European Union (Fonseca et al, 
2013). Such diseases cause more than 30% of the total 
annual lost-time and are considered one of the most 
expensive occupational issue (Xu et al., 2012). Repetitive 
activities including manual material handling at high 
frequency involve a significant stress of the upper-limbs, 
mainly affecting hand and wrist, but even shoulders and 
low back. As a consequence, the workers are exposed to 
high ergonomic risk, which frequently results in work-
related MSDs, e.g. the most common tendonitis, low back 
pain and carpal tunnel syndrome.  

The past and recent literature widely discusses the 
contribution of ergonomics to the optimization of both 
the human being and the overall work system 
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performances (Dul & Neumann, 2009). The design of 
ergonomic workplaces and jobs leads to reduced injury 
and absenteeism rates, while improving productivity, 
quality and reliability. Both personnel and companies 
benefit from the introduction of a job rotation program. 
The general principle of job rotation is to alleviate the 
physical fatigue and stress for a particular set of muscles 
by rotating employees among other activities that use 
different muscle groups. As a benefit to the personnel, job 
rotation reduces the injuries due to performing repetitive 
tasks as well as fatigue, stress and boredom (Kuijer et al., 
1999). Several studies suggest designing job rotation 
programs to reduce the frequency and the exposure to the 
ergonomic risk. Carnahan et al. (2000) describe an integer 
programming optimization model and a genetic algorithm 
for the design of safe lifting task rotation schedules, 
considering percentiles of the working personnel. The 
change of workstation allows learning a new set of skills. 
Such skill availability gives the company great flexibility 
and the ability to deal with change and uncertainties.  

Despite of the aforementioned ergonomic benefits from 
job rotation, an excessive number of shifts causes 
previous skills and productivity decrease, and a trade-off 
between long and short rotation interval is desirable (Azizi 
et al., 2010). Furthermore, recent literature shows that 
work rotation for MSD prevention is relatively ineffective 
when the rotating tasks are similar (Aptel et al., 2008). 
Few studies assume that job rotation programs enhance 
the risk of low back pain due to the exposure to peak 
forces (Frazer et al., 2003). The design of job rotation 
schedules should consider the variability of the movement 
and the intensity variation of the biomechanical demand 
(Diego-Mas et al., 2009). Asensio Cuesta et al. (2012) and 
Boenzi et al. (2013) present different methods to design 
job rotation schedules of low loads at high frequency 
manual tasks. The first proposes a genetic algorithm 
alternating high and low demand activities to support the 
recovery of the workers. The latter describes two integer 
programming model to find both break and job rotation 
schedules, considering equal-skilled operators.  

The aim of this study is to design ergonomic job rotation 
schedules to enhance the benefits of the task rotation and 
prevent MSDs. Firstly, the workers’ competencies and 
abilities are compared with the activity requirements to 
prevent MSDs. Such a perspective ensures the optimal 
person-job fit. Secondly, the job rotation system 
guarantees that high and low demand activities are 
alternated to support the recovery of the workers. These 
two perspectives lead to a trade-off between long and 
short rotation intervals. The proposed method ensures 
that each job rotation schedule meets the ergonomic 
requirements defined by the Italian law in force. 
Particularly, the following approach includes the 
ergonomic risk assessment of manual handling activities 
of low loads at high frequency, through OCRA method 
(Occhipinti, 1998).  

The remainder of this study is organized as follows. 
Section 2 defines the person-job fit problem and 
introduces the ILP model to design job rotation 
programs. Section 3 presents the application of the ILP 

model to assembly line workers of the automotive 
industry. Lastly, Section 4 and 5 discuss the results and 
provide directions for further research. 

2.Methods 

In the following the person-job fit problem and the 
adopted assumptions are introduced before presenting the 
ILP model for the design of ergonomic job rotation 
schedules.  

2.1 The person-job fit problem  

The optimal assignment of the workers to the 
workstations is accomplished by considering the different 
competencies and physical characteristics of the working 
population. Each worker 𝑤 is characterized by a set of 
personal skills and ability competencies, besides each 
workstation 𝑠 requires different abilities to perform the 
required task. The person-job fit is defined as the 
compatibility between individuals and the job or tasks that 
they perform (Schyns, 2007). The higher the person-job 
fit, the higher the task performance is. The aim is to assign 
the workers to the workstation that better fit their skills 
and competencies to improve the productivity of the 
whole system.  

In the following, 23 items define each workstation and the 
requirements to perform the demanded tasks. Such items 
belong to four categories, similarly to the sets defined by 
Diego-Mas et al. (2009). Table 1 shows the reference 
items for the considered tasks.  

Table 1.  Items to define the person-job fit 

Category Item 

Movements Arm abduction, Arm extension/flexion, 
Elbow flexion, Neck extension/flexion, 
Neck turning, Neck lateralization, 
Pinching with the fingers, Trunk 
extension/flexion, Trunk rotation 

Physical skills Standing, Walking, Sitting, Exerting force 
standing still, Exerting force in movement 

Competencies and 
technical skills 

Computing capacity, Using assembling 
tools, Driving forklift truck, Writing, 
Using keyboard, Using mouse 

Relational skills and 
mental capacities 

Reasoning, Responsibility/taking complex 
decisions, Initiative/autonomy 

The first category encompasses each muscular movement, 
𝑚, of the upper limbs and trunk to perform the required 
task, while category “Physical skills” refers to general 
capacities, 𝑝, as standing and sitting. The last two sets of 
items assess the desired technical skills, 𝑐, together with 
the relational requirements and mental capacities, 𝑟 , 
demanded by the workstations.  

The content of each activity is analysed and the scoring 
system for the workstation assessment is shown in Table 
2. Scores range from 1 to 6, increasing when both the 
frequency of movements and the skill requirements are 
high. The worker’s ability to perform the tasks on each 
workstation is analyzed, as well. The same categories used 
for the workstation assessment describe the capacity of 
the worker to perform the movements, the competences 
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and the personal skills. Table 3 describes the scoring 
system adopted for the worker assessment. 

Table 2.  Workstation assessment: scores for the 
items of each category  

Movements Physical skills, competencies 
and technical skills, 

relational skills 
Frequency of movement / 

minute 
Score Skill requirement to perform 

the task 
Score 

Very high - >8  6 Normal 6 
High - 3-7 3  Low limitation 3 
Low - 1-2 2 High limitation 2 

Very low – 0 1 Almost unable 1 

Table 3. Worker assessment: scores for the items of 
each category  

Movements Physical skills, competencies 
and technical skills, 

relational skills 
Frequency of movement 

/ minute 
Score Skill requirement to 

perform the task 
Score 

Very high - >8  8 Normal 8 
High - 3-7 3  Low limitation 3 
Low - 1-2 2 High limitation 2 

Very low – 0 1 Almost unable 1 

For the worker assessment, scores range from 1 to 8, 
increasing when both the frequency of movements and 
the skill requirements are high.  

The introduced scoring systems allow the assessment of 
the person-job fit. Furthermore, the productivity is 
ensured when the workstation requirements are not over 
the worker’s capacities. The following Equation (1) 
introduces the worker efficiency, 𝐸!, to perform the task 
required in workstation 𝑠.  

E! =
!'
!! ∙ Α + !'

!!
∙ Β + !'

!!
∙ Γ + !'

!!
∙ Δ  (1) 

𝐸!  is an improved measure of the person-job fit. 
Particularly, 𝐸! is the ratio between the worker capacity to 
the demand level of the workstation, considering each 
category of items. 𝛼′, 𝛽′, 𝛾′, 𝛿′ are the worker scores and 
𝛼, 𝛽, 𝛾, 𝛿 are the workstation scores, for each item, while 
coefficients 𝐴, 𝐵, 𝛤 and 𝛥 weight the importance of each 
group of items to the accomplishment of the task.  

The following ILP model for the design of ergonomic job 
rotation schedules includes the worker efficiency 
assessment. According to the score systems in Table 2 and 
3, the higher the value of 𝐸!, the more the worker 𝑤 fits 
the requirements of workstation 𝑠. Before presenting the 
ILP model, the next Section 2.2 introduces the adopted 
assumptions. 

2.2 Operation assumptions 

The ILP model for the design of job rotation schedules is 
subject to the following assumptions: 

• each worker is able to perform all the demanded 
movement, at different ability levels. Furthermore, no 
additional training is required to perform each task; 

• the workstations admit all the workers. No additional 
time or interruptions are necessary for the set up of 
the workspaces; 

• the rotation between the different workstations causes 
no interruptions in the working process since 
workspaces are located in the same area. 

Such conditions define the operation assumptions used 
within the following ILP model. 

2.3 The mathematical model  

The ILP model looks for optimal ergonomic job rotation 
schedules. The model goal is to maximize the worker 
efficiency levels, ensuring the ergonomic requirements of 
manual handling of low loads at high frequency. Each 
schedule solution includes the ergonomic risk assessment 
through OCRA method to meet the requirements of the 
Italian occupational health and safety law in force 
(Ministero del Lavoro e delle Politiche Sociali, 2008).  

The model inputs deal with the characteristics of both 
workers and workstations. Table 4 resumes the notations 
for the model formulation.  

Table 4. Indices and parameters for the ILP model 
Indices 

𝑤 Worker index, 𝑤 = 1,… ,𝑊 
𝑠 Workstation index, 𝑠 = 1,… , 𝑆 
𝑡 Time slot index, 𝑡 = 1,… ,𝑇 
𝑚 Repetitive movement index, 𝑚 = 1,… ,𝑀 
𝑝 Physical skill index, p = 1,… , P 
𝑐 Competence and technical skill index, c = 1,… , C 
𝑟 Relational skill index, r = 1,… ,R 
𝑙 Upper limb index, l = 1, 2 

Parameters 

𝛼   Repetitive movement 𝑚 score for workstation 𝑠 
𝛼′ Worker 𝑤 capacity score to accomplish movement 𝑚 
𝛢 Movement coefficient [%] 
𝛽 Physical skill 𝑝 score for workstation 𝑠 
𝛽′ Physical skill 𝑝 score for worker 𝑤 
𝛣 Physical skill coefficient [%] 
𝛾 Competence and technical skill 𝑐 score for workstation 

𝑠 
𝛾′ Competence and technical skill 𝑐 score for worker 𝑤 
𝛤 Competence and technical skill coefficient [%] 
𝛿 Relational skill and mental capacity 𝑟 score for 

workstation 𝑠 
𝛿′ Relational skill and mental capacity 𝑟 score for worker 

𝑤 
𝛥 Relational skill and mental capacity coefficient [%] 
𝑑 Duration of the rotation [min] 
𝑛 Minimum number of workers for each workstation 𝑠 

The parameters for the ILP model in Table 4 stem from 
the analysis of both worker and workstations. The 
following Table 5 shows the OCRA parameters for the 
ergonomic risk assessment (ISO 11228-3, 2007).  

The work system is characterized by a set of 𝑤 workers 
who rotate between 𝑠 workstations, for 𝑇 − 1 times. Each 
possible position of a worker within the work system, 
during a defined time slot, is identified by the (𝑤, 𝑡, 𝑠) 
codification. 
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Table 5.  OCRA parameters for the ILP model (ISO 
11228-3, 2007) 

OCRA Parameters 

𝑛!"    Number of technical actions in a cycle 
t! Cycle time [s] 
𝑘!  Constant of frequency of technical actions per minute 
𝐹!    Force multiplier 
𝑃!    Posture multiplier 
𝑅!!    Repetitiveness multiplier  
𝐴!    Additional multiplier 
𝑅!"  Recovery period multiplier 
𝑡!  Duration multiplier 

The ILP model decisional variables define the position of 
each worker within the work system, during the work 
shift. Analytically,  

𝑍!,!! =
1, 𝑖𝑓  𝑤𝑜𝑟𝑘𝑒𝑟  𝑤  𝑖𝑠  𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑  𝑡𝑜  𝑤𝑜𝑟𝑘𝑠𝑡𝑎𝑡𝑖𝑜𝑛  𝑠  

𝑑𝑢𝑟𝑖𝑛𝑔  𝑡𝑖𝑚𝑒  𝑝𝑒𝑟𝑖𝑜𝑑  𝑡
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

∀  𝑤, 𝑡, 𝑠 (2) 

The model objective functions are as follows (see 
Equations 3 and 4). 

𝜑 =    𝑍!,!!!
!!!

!
!!!

!
!!! ∙ !!

!
!
!!! ∙ 𝛢 + !!

!
!
!!! ∙ 𝛣 +

+ !!
!

!
!!! ∙ 𝛤 + !!

!
!
!!! ∙ 𝛥      (3) 

𝜒 = − 𝛼 ∙ 𝑍!,!! − 𝛼 ∙ 𝑍!,!!!!!
!!!

!
!!!

!
!!!

!
!!!

!
!!!   (4) 

The first objective function, 𝜑 , is from the previous 
Equation (1). 𝜑  computes the overall efficiency of the 
work system. Particularly, Equation (3) is the sum of the 
worker efficiencies during the time shift. Given the score 
system in Section 2.1, the higher such a 𝜑, the higher the 
overall efficiency level is. The second objective function, 
𝜒, analyzes the job rotation schedules from an ergonomic 
perspective. The succession of high and low demand 
activities supports the recovery of the workers, i.e. 𝜒 is a 
measure of the movement turnover of the work system. 
Such an objective function includes the absolute 
difference of movement demands between two 
consecutive time slots, for each worker, 𝑤, and time slot, 
𝑡. Specifically, 𝜒 is the sum of such absolute differences. 
The higher the objective function 𝜒 , the higher the 
ergonomic benefits for workers are. 

In the following the proposed ILP model formulation. 

max{  𝜑,  𝜒}     (5) 

 𝑍!,!!!
!!! = 1    ∀  𝑤, 𝑡 (6) 

𝑍!,!!   ≥ 𝑛              !
!!!    ∀  𝑠, 𝑡 (7) 

!!"  ∙!"
!!  

∙ !!,!! ∙!!
!!!

!
!!!

!!,!! ∙ !!∙!!∙!!∙!!"∙!!∙!!
!!!

!
!!! ∙!!"∙!!

  ≤ 2.2                    ∀𝑤, 𝑙 (8) 

𝑍!,!!  binary    ∀𝑤, 𝑡, 𝑠 (9) 

Equation (5) maximizes the introduced objective 
functions, while Equation (6) limits each worker to be 
occupied in one workstation at a time slot. Equation (7) 
ensures the minimum number of workers for each 
workstation and time slot, while Equation (8) stems from 
the International Standard ISO 1122-3 and restricts the 

OCRA index value to a threshold limit value for each 
worker and upper limb (ISO 11228-3, 2007). Finally, 
Equation (9) gives consistence to the binary variables. The 
proposed model size is of 𝑊 ∙ 𝑇 ∙ 𝑆 binary variables and 
𝑇 ∙ 𝑊 + 𝑆 +𝑊 ∙ 𝐿 constraints. 

In the next Section 3 a full application of the proposed 
model is discussed considering the assembly line for an 
automotive component of an Italian automotive company. 
The input data are discussed before presenting and 
comparing the results and conclusions.  

3. Case Study 

This section applies the proposed ILP model to a realistic 
case study. The workstations of an assembly line from an 
automotive company, together with the working 
population, define the overall work system. The reference 
assembly line consists of 5 workstations where 8 workers 
perform the required tasks. The number of workers 
required by each workstation ranges from 1 to 3. The 
work shift is of 8 hours and breaks are distributed as in 
Figure 1. 

1 2  3 4  5 6  7 8 
           

Figure 1: Distribution of recovery periods 

A lunch break and two breaks of 10 minutes each are 
distributed among the 8 hours work shift (Figure 1). The 
job rotations are seven of 1 hour each. Table 6 further 
presents the features of the introduced work system. Such 
parameters are among the input data of the model. 

Table 6.  Work system features 

Notation 𝒘 𝒔 𝒕 𝒎 𝒑 𝒄 𝒓 

Value 8 5 8 9 5 6 3 

The set of 23 items in Table 1 is considered to analyse the 
work system. The scores 𝛼,𝛽, 𝛾, 𝛿  and 𝛼!,𝛽!, 𝛾!, 𝛿′  are 
defined for each category of item, workstation and 
worker, according to the scoring system in Table 2 and 3. 
Coefficients 𝛢,𝛣,𝛤,𝛥  weight the importance of each 
category of items to the task accomplishment, for each 
workstation. Finally, the values for the OCRA parameters 
are drawn from the risk assessment procedure in ISO 
11228-3  (ISO 11228-3, 2007). The introduced data fully 
define the ILP model input to tackle the job rotation 
programs for the considered case study. 320 binary 
variables are introduced, while Equations (6) to (9) lead to 
120 constraints. Both the model and the input data are 
coded in AMPL language and processed adopting Gurobi 
Optimizer© v.5.5 solver. An Intel® CoreTM i7-3770 
CPU @ 3.40GHz and 16.0GB RAM workstation is used. 
The branch-and-bound algorithm solving time is 
approximately of 300 seconds. The following Section 4 
shows the effects of the introduced bi-objective ILP 
model and its solutions to support researchers and 
practitioners in the choice of the best job rotation 
program.
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4.Results and discussion 

The introduced data fully define the input to the bi-
objective ILP model to tackle the design of optimal job 
rotation schedules for the considered case study. Each bi-
objective solution is identified by a set of decision variable 
values that make “quasi” optimal each objective function. 
Furthermore, each model solution describes a job rotation 
program. At first, limiting the model to the sole 𝜑 
objective function, its optimal value is 𝜑= 1,005.82, while 
𝜒= 2282 is the optimal value adopting the 𝜒 objective 
function, only. Such values identify the so-called anchor 
points  (Messac et al., 2003), called 𝐸  and 𝐽  in the 
following (see in Figure 2). Their coordinates are 𝐸 
(1,005.82;20.00) and 𝐽 (914.28;2,282.00). Figure 2 graphs 
the obtained Pareto frontier, while the following Figure 3 
shows the effectiveness of each solution from a bi-
objective perspective. The optimum value for the overall 
efficiency of the work system is in 𝐸, where the objective 
function  𝜑 is at the peak value (Figure 2). The higher the 
proximity of the solution to the 𝜑  optimal value, the 
lower the movement turnover 𝜒 is, and vice-versa. The 
diminution of 𝜒 from the optimal value in 𝐽 is about 99%, 
i.e. such a solution leads to a dramatic reduction of the 
ergonomic benefits (Figure 3). Furthermore, the 

ergonomic conditions are improved when the objective 
function 𝜒 is at the peak value, i.e. in 𝐽. The reduction of 
the overall efficiency 𝜑 in such a solution is about 8%. 
Particularly, such a result reveals that the ergonomic based 
approach leads to minimal decreasing in the overall 
efficiency of the work system.  

The solutions from points 𝐽 to 𝐸 define the same number 
of job rotation schedules that are good alternatives in a bi-
objective perspective. Furthermore, Point 7 (see the red 
point in Figure 2) is an effective trade-off between 𝐸 and 
𝐽. Figure 3 shows that both the system efficiency and the 
movement turnover in such a solution are close to their 
optimal values. The ergonomic conditions get worse when 
𝜒 is minimum, i.e. in 𝐸. The job schedule solution in such 
a point leads to higher values of the OCRA index. Table 7 
shows the OCRA index values of the most exposed 
worker of the job schedule in 𝐸 , together with the 
comparison to the solutions in 𝐽  and Point 7. The 
ergonomic risk of Worker 6 is notable, as the OCRA 
index is close to the threshold limit value. The ergonomic 
benefits from the increasing movement turnovers are 
tangible, as the job schedule solutions in both 𝐽 and Point 
7 lead to a substantial reduction of the OCRA index 
values (see Δ  𝐽  and Δ  Point 7 in Table 7).

 
Figure 2: Pareto frontier 

 
Figure 3: 𝝋 and 𝝌 variances from the optimal values 𝑬 and 𝑱 

 

Table 7.  OCRA indeces for the most exposed workers to the ergonomic risk  

Worker Upper limb 𝑬 𝑱 𝚫  𝑱 Point 7 𝚫 Point 7 

1 Left 2.097 1.082 -48% 1.504 -28% 
Right 2.097 1.082 -48% 1.504 -28% 

2 Left 1.379 0.756 -45% 0.472 -66% 
Right 1.379 0.756 -45% 0.472 -66% 

6 Left 2.128 0.488 -77% 1.723 -19% 
Right 2.128 0.488 -77% 1.723 -19% 
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Each schedule solution is a good job rotation program 
and ensures both the overall efficiency of the work system 
and safer ergonomic conditions. Finally, the choice of the 
best job rotation program is left to the practitioners. 

5.Conclusions  

This paper focuses on the design of job rotation schedules 
for workers exposed to the ergonomic risk of repetitive 
work. Firstly, the workers’ competencies and abilities are 
compared with the activity requirements to prevent MSDs 
and including workers’ disabilities. Such a perspective 
ensures the optimal person-job fit. Secondly, the job 
rotation system guarantees that high and low demand 
activities are alternated to support the recovery of the 
workers. These two perspectives lead to a trade-off 
between long and short rotation intervals. A bi-objective 
integer linear programming (ILP) model to optimise the 
job rotation program is presented. The model aims to 
maximise the overall efficiency of the workers ensuring 
the requirements of the work system and safer ergonomic 
conditions through the movement turnover. Furthermore, 
it includes the ergonomic risk assessment of each worker. 

A case study is presented and the results show that the 
optimisation of both the overall efficiency and the 
movement turnover objectives lead to different optimal 
job rotation programs. Particularly, the key results outline 
the effectiveness of the proposed method revealing that 
the ergonomic based approach leads to minimal 
decreasing in the overall efficiency of the work system. 
The bi-objective optimisation further introduces several 
optimal schedule alternatives to help practitioners in the 
choice of the best job rotation program. 

Despite the conclusions drawn from the case study are 
not general and valid for all contexts, they appear 
promising suggesting to further investigate this topic to 
highlight general trends and effective rules-of-thumb to 
help practitioners to face the design of ergonomic job 
rotation schedules. Finally, extensions of the model to 
include the increasing risk for workers rotating from low 
demand job into high demand job, are among possible 
extensions of the present study. 
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