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Abstract: 

The continues increase in population and market globalization necessitated offering additional services and mass 
production strategy deployment. Consequently, a dramatic increase in research studies have been directed to-
wards mitigating the shift schedule harmful physical, psychological, and social life effects on the workers. In addi-
tion, studies are currently conducted to determine the optimal shift schedule and shift rota, which is capable to 
incorporate human factors and applicable to the environment adopted in. In Kingdom of Bahrain there are no 
studies that investigate the effects of shift schedule on the operators, neither provide clear guidelines to select 
the appropriate shift schedule based on the environment adopted in. Accordingly, the aim of this paper is to 
present the development of an effective shift schedule selection mechanism that considers the physical, psycho-
logical, and social life factors for Al-Dur Power and Water Plant in Kingdom of Bahrain. The research methodology 
adopted was based on survey and case study. The results of this research study concluded that the shift schedule 
selection procedure developed was capable to involve all the stakeholders associated in the shift schedule selec-
tion process. In addition, it based the assessment and decision on the work environment adopted in. 
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INTRODUCTION 

Worldwide countries have continuous rapid population 
growth and industrial development. To meet these upris-
ing services and industrial demands created greater con-
tinuous operation and production implications on shift 
schedule and shift rota selection. 
Shift schedule is defined as a form of work organization, 
in which two or a group of workers work in different time 
schedules (successions), to provide continuity in produc-
tion [1]. It is the system of working in which work is carried 
out outside the normal day work hours (7:00 am-18:00 
pm time frame) [2, 3, 4]. 
Human factors discipline is one of the main aspects to 
consider, while deciding the shift schedule to be adopted 
in the organization [5]. Exposing them during the decision-
making process will ensure effective shift selection, which 
comply with human capabilities and ensures mitigating 
the harmful physical, psychological, and social life effects 
on the operators [6, 7, 8].  
 
 
 

The current research studies are directed towards deter-
mining the optimal shift schedule and shift rota, which is 
capable to incorporate human factors and applicable to 
the environment adopted in [9, 10, 11, 12]. 
In Kingdom of Bahrain the shift schedule is a common ex-
perience for many workers, and it has different schedules 
and specifications. In addations Kingdom of Bahrain is one 
of the Gulf countries that is experiencing this raped in-
crease in demand of services offered and continues indus-
trial production [13].  
One of the crucial areas that need strategic adjustments 
to accommodate theses increasing demands is the power 
and water plants. Accordingly, Kingdom of Bahrain has 
continuously upgraded and increased the number of 
power and water plants, and currently there are three 
power and water plants: Sitra Power & Water Station, 
Hidd Power Company, and Al-Dur & Water Plant.  
Based on above, and the fact that nothing written in liter-
ature on how to establish an effective procedure to select 
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the shift schedule for the power and water plants in King-
dom of Bahrain, the study was based on reviewing Al-Dur 
Power and Water Plant in Kingdom of Bahrain selection 
procedure and the number of shift schedule alterations.  
Al-Dur Plant was selected as the case study for this study, 
as their shift schedule changed many times (five times 
during the period from 2012 to 2017), and the instability 
in shift schedule selection procedure caused continuous 
negative impact and complaints from shift workers.  
 
LITERATURE REVIEW 

Human factors are the study of the relationships between 
the employees and workplace according to particular en-
vironments, products, and services. They refer to environ-
mental, organizational, and knowledge of human capabil-
ities and limitations; in order to design a system, organi-
zation, job, machine, tool, or consumer product [14]. 
These definitions include three interrelated aspects:  
− Job:  

Includes company rules and policy, job procedures, 
distribution of responsibilities, the work environment, 
and the design of displays and controls. All these areas 
should comply with human capabilities and limita-
tions. 

− Organization:  
Consists of the aspects that have a significant influ-
ence on individual and group behavior. These aspects 
are the cultures and norms of workplace, allocation of 
available resources, leadership styles, and communi-
cation.  

− Individual:  
Focuses on personnel attitudes and perception of un-
derstanding the rules and procedures. In addition, it 
examines how an employee is competent to carry out 
his/her responsibilities based on his/her experience, 
skills, knowledge and training. 

The main purpose of enhancing human factors in an or-
ganization (through ensuring the best conditions in the 
workplace and ensuring work environment adaptation to 
human being skills, abilities, and limits) is to increase 
profit and reduce costs associated with work performance 
[12, 15]. 
Furthermore, human factors discipline has a prime impact 
on shift work, as it ensures the best selection of shift work 
schedule procedures that comply with human capabilities 
and limitations [16, 17]. In shift work schedules, 8-hour 
shifts are designated as morning shift, afternoon shift and 
night shift; or simply shift 1, shift 2, and shift 3. While, 12-
hour shifts, shift work is designated as day shift or night 
shift [14]. The following techniques are adopted for ar-
ranging shift work schedules [18, 19, 20]: 
− Rotating Shift: 

Many companies use rotational shift where a 24-hour 
day is divided into three 8-hour work shifts. This tech-
nique includes morning shift, evening shift and night 
shift. It is used by many companies, because it pro-
vides less subjective problems, no change in quantity 
and quality of sleep, and improves sleep quality for 
older workers. 

− Alternating (partial) Rotation Shift:  
Where a worker rotates between two or three shifts 
in either forward or backward rotation.  

− Fixed (permanent) Shift: 
A fixed shift is the most common type in which a 
worker regularly works a single shift that includes five 
working days followed by two days off. Most workers 
prefer a fixed shift schedule, because it is easier for 
them to set a better plan for their family events. It also 
allows workers to proceed with higher education de-
grees, hold another job, and participate more in social 
activities. However, it raises many negative impacts. 
Fixed night shift lead to fatigue; due to lack of proper 
sleep. 

− Compressed (12-hour) Shift: 
The adoption of 12-hour shift (or compressed work 
week) is an alternative to the traditional shift sched-
ules. In particular, 12-hour shift is accepted; because 
of many reasons: fewer switching or changeover from 
shift to another, fewer consecutive night shifts, and 
long frequent off weekends. This makes 12-hour shifts 
more attractive and can be an alternative to 8-hour 
shifts. However, long work hours might lead to exces-
sive fatigue and sleepiness, which may result in higher 
risks of accidents and injuries in the short term, in ad-
dition to the deteriorations of health and well-being in 
the long term 

− Flexible (flextime) Shift:  
During the last few years, there has been growing in-
terest in flexible arrangement of work hours during 
the day. This enables the employees to distribute the 
working hours per shift. The advantage of flextime 
shift is that it increases day-to-day free time, eases 
managing employees' personnel lives, enables devel-
oping professional careers, increases job satisfaction, 
reduces employee tardiness, fatiguing, and absentee-
ism. Conversely, flextime shift sometimes poses diffi-
culties in scheduling meetings or training programs, 
leading to poor channels of communication within the 
organization, requiring more sophisticated planning, 
and additional supervision. 

Even though, different shift schedule alternatives were 
applied internationally, there is vast evidence of inability 
to integrate human factors and work environment into 
the assessment and selection process, which negatively 
affected the overall work performance and employee wel-
fare. Most of the reported studies indicated sleep disturb-
ance, high absenteeism rates, high accident rates, health 
deteriorations, negative social impacts [21, 22, 23, 24, 25]. 
In Kingdom of Bahrain, around 40% of employees work on 
a shift basis in different companies, and there are existing 
problems in shift schedule selection procedures in most 
of these companies, specifically the Power and Water 
Plants [26].  
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RESEARCH METHODOLOGY 

To accomplish the aim of this study, the research method-
ology adopted was based on data collection process, case 
study application, and expert review. The collection of 
data was based on reviewing the shift schedule process 
documents and archival records for Al-Dur Power and Wa-
ter Plant in Kingdom of Bahrain. Consequently, develop-
ing the shift schedule selection procedure and implemen-
tation. Finally, the adoption of Delphi method to examine 
and evaluate the developed procedure and software 
package, by the Power and Water plants field experts and 
their top management (in Kingdom of Bahrain). 
To define the current shift schedule selection procedure 
in Al-Dur Power and Water Plant, unstructured Face-to-
Face interviews were conducted with the plant Human 
Resources Department, Operations Department, and Un-
ion representatives. While, the case study application in-
corporated conducting structured Face-to-Face inter-
views with all the stakeholders associated with shift 
schedule review process and decision making.  
The survey, on the other hand, was performed with Al-Dur 
shift workers, to capture their opinions regarding the cur-
rent shift schedule and the selection procedure. The case 
study survey targeted Al-Dur Plant shift workers, who 
were affected from the shift schedule changes. The total 
number of shift workers in Operations Department is 43, 
which represented: Shift In-charge Engineers, Operations 
Engineers, Field Operations Engineers, and Shift Chemists. 
Out of the 43 shift workers, 6 shift workers joined re-
cently, and they have not experienced the shift schedule 
changes. Accordingly, 37 shift workers were the survey 
sample population and 29 replies were received, corre-
sponding to 78% response rate. 
Based on the above a shift schedule selection decision 
making software package was developed. Furthermore, 
to ensure satisfactory stakeholders inclusion and compre-
hensive evaluation criteria, the shift schedule selection 
mechanism was formed utilizing risk assessment tool in-
terlinked with fishbone diagram. The fishbone diagram, 
also known as Ishikawa diagrams, is a structured brain-
storming technique that helps teams identify, explore, 
and visually display the possible causes related to an 
event. It focuses on facts, rather than judgmental deci-
sions. In addition, it critically reviews processes, and cre-
ates a snapshot of the team’s collective knowledge, which 
ensure capturing all possibilities and compiling them in 
one place [27]. 
Thereafter, the developed shift schedule selection Road 
Map and software package, was administered in Al-Dur 
Power & Water Plant with the participation of the Human 
Resources Manager, the Operations Manager, the 
Maintenance Manager, the Head of Health and Safety De-
partment, and the Labor Union representative. 
 
 
 
 

Lastly, the expert review was administrated to review the 
implementation process results and validate the devel-
oped Road Map and software package. The experts selec-
tion process was based on the fact that they should have 
greater than ten years’ experience in the field of power 
and water shift schedule selection procedure. Therefore, 
Al-Dur Power & Water Plant Chief Financial Officer was in-
vited to participate along with Sitra Power and Water 
plant Head of Operations Division, and Mondelez Interna-
tional Human Resources Business.   
 

AL-DUR POWER & WATER PLANT SHIFT SCHEDULE SE-

LECTION PROCEDURE DEVELOPED 

Based on the literature review, the Face-to-Face in-depth 
interviews with Al-Dur Power & Water Plants top manage-
ment, and the case study survey in the plant, the Shift 
Schedule Assessment and Selection procedure was devel-
oped (Fig. 1).  
Figure 1 illustrates the three main stages: Planning Stage, 
Implementation Stage, and Evaluation Stage, constituting 
the Road Map.  
 
Stage 1: Planning Stage 

It involves five steps that demonstrate how the shift 
schedule change request will be processed from initiating 
the shift schedule change request until reaching the shift 
schedule change decision. It is initiated by raising a shift 
schedule change request from any of the following repre-
sentatives (Human Resources, Operations, Labor Union, 
Health and Safety, and Maintenance), when the shift 
schedule causes excessive negative impact. 
A presentation of change request is then conducted by 
the representative who raised the shift schedule change. 
The presentation demonstrates the complaints and rea-
sons behind the shift schedule change initiation. 
After conducting the presentation and realizing the need 
of shift schedule change, a team is assigned by the Plant 
General Manager (PGM). This team involves five repre-
sentatives: Operations representative, Human Resources 
representative, Health and Safety representative, Mainte-
nance representative, and Labor Union representative. 
The main responsibility of this team is to study the shift 
schedule change request, and apply the (planning, imple-
mentation, and evaluation) stages. Meeting 1 is then con-
ducted between the five representatives.  
In this meeting, the shift schedule selection software 
package is applied, to address the areas of concerns in the 
current shift schedule. 
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Fig. 1 The Modified Shift Schedule Selection Procedure 

 

Each representative answers the questions in the risk as-
sessment tool related to him or her. 
− First sheet filled by the Labor Union representative, 

presenting the shift workers feedback, and it ad-
dresses the following sections (Table 1): 
 Shift workers performance  
 Health impact 
 Social relationships 

− Second sheet filled by the Human Resources repre-
sentative, and it addresses the following sections (Ta-
ble 2): 
 Shift schedule policy  
 Shift workers payroll 
 Absenteeism Rate of Shift Workers 

− Third sheet filled by the Operations representative, 
and it addresses the following sections (Table 3): 
 The Plant Output & Operations objectives 
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 Shift workers traveling trips and shift switch 
− Fourth sheet filled by Health and Safety representa-

tive, and it addresses the following sections (Table 4): 
 Health and Safety objectives 
 Shift worker Health and Safety records 

− Fifth sheet filled by Maintenance representative, and 
it addresses the following sections (Table 5): 
 Maintenance objectives 

 The Plant Maintenance scheduling 
Once the team representatives complete the assigned 
sheets, the results and analysis will be displayed in the 
Risk Assessment columns (Table 1 to Table 5), based on 
the risk assessment matrix (Table 6). Accordingly, the risk 
assessment columns, will provide a holistic view of the 
factors considered indicating their severity and probabil-
ity. 

 

Table 1 

Labor Union Representative Sheet Results 
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Table 2 

Human Resources Representative Sheet Results 

 
 

Table 3 

Operations Representative Sheet Results 
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Table 4 

Health and safety Representative Sheet Results 

 

Table 5  

Maintenance Representative Sheet Results 
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Table 6 

Risk Assessment Matrix Sheet 

 
 
Furthermore, the shift schedule selection decision making 
mechanism software package was created with a purpose 
to interlink the risk assessment tool with the fishbone di-
agram.  
The fishbone diagram will highlight the factors of con-
cern/negative impact that need consideration to ensure 
effective shift schedule selection (Fig. 2).  
Accordingly, if the decision made was to continue with the 
current shift schedule, the areas of concerns raised on the 
fishbone diagram should be reported to the Health and 
Safety Committee, which is mainly established to pro-
mote cooperation and effective communication between 
managers, staff and contractors. Thereby, ensuring effec-
tive arrangements to protect the worker’s health, safety, 
and welfare at work. The Health and Safety Committee 
should report back with solutions minimizing the negative 
impacts. Whereas, if the decision made was to change the 
current shift schedule, the team should proceed to the im-
plementation and evaluation stages. 
 
Stage 2: Implementation Stage 

It involves one step that demonstrate how the selected 
shift schedule will be applied. It is initiated by conducting 
a meeting to specify the responsibilities in implementa-
tion stage.     

1. Human Resources Department Documents Modifica-
tions 
The Human Resources representative modifies the fol-
lowing financial and administration documents, based 
on the new selected shift schedule: 
- The Company Shift Policy. 
- Operations Employees Payrolls and Absenteeism. 

2. Operations Department Documents Modifications 
The Operations representative modifies the following 
process and plant operational documents, based on 
the new selected shift schedule:  
- New Shift Timing re-scheduling. 
- Shift Teams re-arrangement.  
- New Plans for Operations Activities. 

3. Health and Safety Department Documents Modifica-
tions 
The Health and Safety representative modifies the fol-
lowing Health and Safety documents, based on the 
new selected shift schedule: 
- Updating Operations Accident Records.  
- Updating Operations Occupational – Illness Record. 

4. Maintenance Department Documents Modifications 
The Maintenance representative modifies the follow-
ing Plant Maintenance documents, based on the new 
selected shift schedule: 
- Re-schedule Activities with Operations for Preven-

tive Maintenance (PM) jobs. 
- Re-schedule Activities with Operations related to 

Permit to Work (PTW). 
5. Labor Union-Human Factors Records Modifications 

The Labor Union representative modifies the following 
human factors records, based on the new selected 
shift schedule: 
- Updating criteria to measure health impact. 
- Updating criteria to measure social relationships im-

pact. 

 

 
Fig. 2 Fishbone Sheet 
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Stage 3: Evaluation Stage 

It involves two steps that demonstrate how the selected 
shift schedule will be evaluated. It is initiated by conduct-
ing a meeting to specify the responsibilities in evaluation 
stage.     
1. Human Resources Department Documents Evaluation 

The Human Resources representative evaluates the 
following financial and administration documents, 
based on the new selected shift schedule: 
- Operations Employees Payrolls. 
- Rate of Shift Workers Absenteeism. 

2. Operations Department Documents Evaluation 
The Operations representative evaluates the following 
process and plant operational documents, based on 
the new selected shift schedule: 
- Operations Objectives. 
- The Operations objectives (either individual person-

nel objectives or group objectives). 
- The Plant Output. 

3. Health and Safety Department Documents Evaluation 
The Health and Safety representative evaluates the 
following Health and Safety documents, based on the 
new selected shift schedule: 
- Operations Accident Records. 
- Operations Occupational – Illness Record. 

4. Maintenance Department Documents Evaluation 
The Maintenance representative evaluates the follow-
ing Plant Maintenance documents, based on the new 
selected shift schedule: 
- Status of Scheduling PM Jobs. 
- Status of Scheduling PTWs Jobs. 

5. Labor Union Human Factors Records Evaluation 
The Labor Union representative evaluates the follow-
ing human factors records, based on the new selected 
shift schedule: 
- Status of Health Impact. 
- Status of Social Relationships Impact. 

Finally, based on the evaluation outcome, if the evalua-
tion results analysis illustrates that there is a significant 
improvement; then the selected shift schedule continues. 
However, if the evaluation results analysis illustrates that 
there is minor improvement; then a new shift schedule 
change request should be initiated. 
 
RESULTS AND DISCUSSION  

The developed schedule selection procedure was imple-
mented successfully and administered with the team rep-
resentatives. The implementation process started from 
requesting the team representatives to fill-in the devel-
oped software package.  
After the five representatives completed the correspond-
ing sheets and the areas of concerns were displayed in the 
fishbone diagram (Fig. 2), a decision on the shift schedule 
change request had to be taken. Either to continue with 
the current shift schedule or change the shift schedule to 
a new shift schedule. 
Based on the evaluation outcomes, the evaluation results 
analysis illustrated that 23 out of 37 factors (62%) have 

low negative risk. Accordingly, the current shift schedule 
will continue.  
In the shift schedule selection Road Map, Planning Stage 
– Step 5, if the decision outcome resulted to continue with 
the current shift schedule; the areas of concerns indicated 
on the fishbone diagram need to be addressed by the HSE 
Committee.  
Accordingly, six areas of concerns relating to operations, 
maintenance, and labor union (Fig. 2), were investigated 
thoroughly by Al-Dur Plant Health and Safety Committee. 
The Committee had to review the 12 items rated as high-
risk concerns and appropriate solutions were forwarded 
to the top management for implementation decisions. 
At the end of the evaluation stage, the representatives 
were asked to comment on the shift schedule selection 
Road Map and software package applied. Overall a posi-
tive feedback was received from the representatives indi-
cating the ease of executing the shift schedule selection 
procedure Road Map. In addition, they mentioned that 
the Road Map was comprehensive, and it addressed all 
the major areas in the concerned departments. Further-
more, they stated that the Road Map brought all the 
stakeholders in interactive sessions. While, the software 
package has ensured documented analysis and recom-
mendations. 
Finally, the expert review was utilized to review the devel-
oped Road Map and validate the implementation process 
results. The unstructured interview was conducted with 
field experts, selected based on experience (beyond ten 
years) in shift schedule process in power and water plants 
in Kingdom of Bahrain. Accordingly, the following partici-
pants were selected to take part in the unstructured in-
terview: Al-Dur Power & Water Plant Chief Financial Of-
ficer, Sitra Power and Water Station Head of Operations 
Division, and Mondelez Bahrain Human Resources Busi-
ness. 
The expert feedback was positive, supportive, and in-
cluded the following recommendations to be considered 
in the future: 
− Incorporation of focus continuous improvement (FCI) 

department (independent department) in the selec-
tion procedure. This department focuses on em-
ployee’s development. 

− To implement the developed shift schedule selection 
Road Map in Sitra Power and Water Station and Hidd 
Power Company and compare the results.   

− To implement the developed Road Map in a different 
setting, such as: Fire Stations, Medical Centers, Alumi-
num Companies, and Gas and oil Plants.  

− To complement the developed software application 
with Staff Scheduler Software Package, to facilitate 
staff shifts planning.  

Overall, they praised the fact that the developed Road 
Map was able to efficiently structure the shit scheduling 
assessment and decision making in one process. In addi-
tion, the experts were very impressed with the software 
package developed, as it brought together all the stake-
holders affected by the shift schedule selection process, 
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and enabled the incorporation of the physical, psycholog-
ical, and social life factors that are applicable to the sur-
rounding environment. 
Moreover, the experts noticed that when the decision 
taken was to continue with the current shift schedule, the 
areas of concerns highlighted on the fishbone diagram 
were further examined for reporting implementable solu-
tions. According to them, this is a crucial step that ensures 
further actions will be taken and assigning this task to the 
Health and Safety Committee was an appropriate solu-
tion. 
 
RESEARCH LIMITATIONS 

The research scope was based on three power and water 
stations in Kingdom of Bahrain (Hidd Power Company, 
Sitra Power and Water Station and Aldur Power and Wa-
ter Station). Al-Dur Plant was selected as the main case 
study for this research since it had the largest number of 
shift schedule changes compared with the rest. In addi-
tion, the modified shift schedule selection procedure was 
implemented in Al-Dur Power & Water Plant and admin-
istered with their team representatives.   
 
CONCLUSION  

The aim of this study was to develop an effective shift 
schedule selection procedure that assess the physical, 
psychological, and social life factors associated with Al-
Dur Power and Water Plant in Kingdom of Bahrain envi-
ronment. The procedure incorporated a Road Map that 
linked the assessment process and decision making 
through a software package application. Positive results 
were achieved from implementing the Road Map in Al-
Dur Plant, as it was recommended by Sitra Power & Water 
Station Head of Operation division to proceed implemen-
tation in their Plant.  Furthermore, reported solutions by 
Al-Dur Plant Health and Safety Committee are currently 
being forwarded to the top management for review and 
implementation decisions.  
Although this study successfully achieved the set objec-
tive, there are opportunities for further research. Further 
in-depth investigation can be carried out to link the devel-
oped shift schedule selection Rod Map with shift rota se-
lection software application. In addition, the shift sched-
ule selection procedure implementation can be extended 
to similar environment that lack formal shift scheduling 
process.  
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