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Abstract Measuring occupational safety and health (OSH) performance is required by many parties; such asthe top
management of a company, the national authorities and an OSH specialist. Measuring of OSH performance is a very difficult
task due to absence of a single measurement scheme.This paper reviews the existing models to evaluate OSH performance
and develops a model to help OSH specialist to evaluate OSH performance of workplaces.The model established a scale
systemto evaluate workplaces by a single measure based on the current OSH regulations in Bahrain. All the regulations were
sub-classified into a number of attributes that describe each regulation. Two different types of approaches were used. One is
the Average Weights Model (AWM)which is used to create relative weights for each attribute depending on the results ofthe
preference expressed by a questionnaire targeted a sample of manufacturing and construction companies. The other approach
to create relative weights for the attributes is the Analytic Hierarchy Process (AHP) method based on opinions ofl5 OSH
experts. An extraapproach,called Combined Average, is added by finding the average of the weights calculated by WSM and
AHP. The generated weights are used to evaluate the overall performance by a simple rating system. A validation step is
carried out by selecting twenty latest inspection cases fromthe OSH enforcement body record for which the overallscores are
calculated. The results and the final decisions for these cases are compared to the decisions taken by the OSH inspectors. The
AHP model has shown accurate and more consistent results as testified by the OSH inspectors and experts. The model's
generated results can be classified as leading indicators.

Keywords OSH, Performance Measurement, AHP

notion of “safety”, it is difficult to give one-way definition to
safety measurement[3]. So, along the past decades
researchers did not agree on a single way to measure safety
performance. Can safetybe measured by just counting the
number of accidents, the size of losses and resulted damages,
or the way that all workers perceive or acknowledge safety?

Measurement as defined by Stevens (1951) is the
assignment of numeral to objects orevents according to rules
[1]. Or it is the comparison process among the existing
objects or the natural qualities of incidents[3]. The problem
is how to convert the safety performance to a single
numerical measure that states the situation of safety in a
workplace. Safety measurement will assist to locate and
identify areas of potential hazards. It also can be used for
trend comparison or to describe the current state of a
company. Knowing what is happening in terms of safety,
helps for predicting future problems and hence prevents
accidents that may cause harmto people orany kind of losses
to properties. Moreover, safety measurement can be used as
a decision making tool. For example, to decide about the
allocation of suitable resources in order to rectify
problematicOSH areas or the establishment of long term

1. Introduction

1.1. Safety Measurement

The problem of safety measurement is confronted by the
problem of standardization. Many researchers[1],[2]&[3]
stated that still there is no term of definition of safety which
is accepted universally.

The notation “safety” has many definitions,referring to
Cambridge dictionary; ‘safety’ is defined as ‘the state in
which or a placewhere you are safe and not in dangeror risk’.
However, safety has been defined also as ‘the relative
protection from exposure to hazards’, ‘no accidents’, ‘the
opposite of hazard” while the hazard is something that can
cause harm, ‘the appropriate handling of a substance or
carrying out of an action with the view to efface the
possibility of causing an injury or damage’[3], ‘the
conservation of human life and its effectiveness, and the
prevention of damage to items as per mission needs[1].

Because of the various definitions that are given to the
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preventive controls by the management. Evaluation of
efforts or programs reserved to improve safety performance
cannot be done without a measuring tool.
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There are many attempts to classify occupational safety
measurements or indicators. However, researchers agreed on
two main classifications despite the different naming. OSH
measurements can be classified into leading indicators
(prospective) and lagging indicators (retrospective), in other
words, indicators that depend on pre-incidents’ data and
those depend on post-incidents data.

1.2. Lagging Indicators

The lagging indicators refer to the measurement tools that
use post incidents data or the data resulted from occupational
accidents, injuries or losses occurred in the workplace. The
incidence rate, the incident frequency rate or the severity rate
are examp les of this category of indicators. For example the
American Occupational Safety & Health Administration
(OSHA) which is a part of USA Department of Labour uses
the incident frequency rate which can be calculated based on
the following formula:

Incident Frequency Rate =
No. of incidents lead to absence x200,000

1)

The 200,000 hours in the formula represent the equivalent
of 100 employees working 40 hours per week, 50 weeks per
year as used by OSHA.

The normal risk assessment, which defined as an
evaluation of risk in terms of probability and severity, is a
tool that uses accidents data to evaluate the likelihood of
occurrence and severity.

Despite the wide use of lagging (retrospective) indicators
in the industry, they have a number of disadvantages.
Depending on accidents data only to evaluate the risk or
safety performance is considered as a measurement of failure
rather than success. Also it is a sort of frustration and does
not give any praise.

The lack of data about accidents is the most critical area.
Accidents datashould be collected over a long period oftime
or froma large group of similar conditions to be approved
statistically[3]. Many establishments collect data regarding
the accidents, injuries or damages happened under their
scope. However, this data totally depends on the user as each
organization has its definition for reported accidents rather
than on unified investigation techniques and procedures. The
investigation normally comes out with direct causes and little

Total hours worked by all employees during the year

of root causes which can be rectified to improve the situation.

From the other hand, recording the root causes of each
accident reported is not an easy task for an organization as it
requires professional investigation teams and strong data
infrastructure. One extra reason is that investigators and
reporters of accidents will face the problem of recording
mu lti-causality of accidents and deciding about the cause
that has more effect on an accident than other causes.
Moreover, reported accidents are rarely compared to
different events that disturb the production in a workplace.
Some organizations will get a long period of time before
having a reported accident which really does not show the
real situation of safety and healthperformance. The

rewarding schemes for reporting or non-reporting accidents
applied by some companies are another reason for the lack of
accidents data. Some organizations depend on appraising the
lapse of the time without occurrence of a lost time accident
(LTA). The LTA is considered when a worker gets an injury
that causes absence from work. This type of schemes may
lead to hide the exact number of accidents occurred.Mangers
or supervisors do not want to be pointed out for breaking an
achievement recorded by the company. Some other
companies reward on reporting accidents, this will cause an
over-reporting situation as a lot of accidents will be reported
without necessity. Another reason that may cause the
under-reporting, which is not reporting serious accidents by
workers or supervisors, is the reluctance of management
because of the blame culture in the organization or being
afraid from facing sanctions either from company or local
authorities.

Reported accidents may show vague condition also. For
example, when a sub-contractor reports an injury to a social
insurance organization, usually the sub-contractor will not
state the exactworkplace that may got involved directly to
the accident because of poor safety conditions. Likewise, the
company involved in the accident will not record it as the
worker harmeddoes not belong to it.

Accidents rates or data do not allow the evaluator to
include the current efforts taken by management to improve
the safety and health conditions in the workplace. Also,
management will not be able to evaluate the effectiveness of
applying new measures or systems to improve the safety
conditions unless they wait till collecting sufficient data.
Here is the point; it is not accepted to put human beings
under experiments through subjecting themto a new system
or improved machinery just to proofthat the system is safe.
Similarly, for reliability evaluation, devices or electronic
equipmentcould pass through a reliability experiment or an
overload test. However this type of experiments could not be
carried out involving people.

The normal risk assessment, which defined as an
evaluation of risk in terms of severity and probability, is a
tool that uses accidents data to evaluate the likelihood of
occurrence and severity.

Risk assessment usually uses atwo dimension matrix, one
axis contains the probability segregations and the other axis
holds the severity. The risk evaluated as the multiplication of
probability and consequences (severity).

The ordinary risk assessment matrices are always
criticized for their subjectivity and relying on the estimation
of likelihood and severity that depend on judgment rather
than valid data[4].

1.3. Leading Indicators

The second classification of OSH performance indicators
is the leading (prospective) indicators. These types of
indicators depend on pre-accident data such as inspection
data, surveys, audits, sampling workers 'behaviour or
corrective action achieved.
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Inspections usually address the work process and consider
aspects of working activities and compare them with a set of
predetermined standards, while the audits subject the whole
working systemto a closer examination. Both inspection and
audits require the comparison with predetermined standards,
without it they will be considered as only observations.

Inspection and audits are powerful tools to monitor unsafe
acts and conditions in a workplace. They have some
advantages as they can provide direct and clear picture of the
current situation of the workplace. They can discover the
mistakes and problems that may lead to accidents or
damages before they occur. Normally, both are accepted as
administrative tools. The disadvantages are the requirement
of experience and knowledge for the person who carries out
the inspection or audit. Inspection or audit may lose their
importance with frequent repetition.

Another type of leading indicators is the monitoring of
safe and unsafe behaviour of workers. This tool is the key
element of behaviour-based safety programs (BBS). It
depends on recording of random samples of workers acts
while working and compare it with predetermined behaviors.
This method requires time to come out with a conclusion,
high expenditure and special expertise. Similarly, using of
questionnaires, as a sort of leading indicators, to measure the
safety culture of workers or to test how the management
acknowledge safety. Questionnaires should be clear and do
not create misunderstanding in order to get the best result.
However, repeating questionnaires during the same year may
cause the exhaustion of workers.

1.4. Safety Per formance Measurement

Literature[3],[5]&[ 6] contains a lot about characteristics
of sufficient OSH measurements. The OSH measure should
show the current performance level. Also it should be able to
locate and identify problems' areas and predict future
accidents and problems. Many papers[2],[S],[7] &[8]
discussed how safety performance could be measured by a
single indicator.

Using a single indicator to measure OSH performance has
many advantages. For example, it is powerful in
monitoringthe improvement of a system. It also allows
comparing between different sites or workplaces by the same
measure. A single indicator can be easily understood and
communicated. Moreover, it will be a powerful tool for
decision making.

Bu-Khamsin[1] has designed a computer-based safety
performance Evaluation tool for contractors. He refers to the
literature to identify the main important factors that affect
safety performance of contractors, and then he classifies
them to 20 main factors and 85 sub-factors. The model
utilizes a dimensional weighting approach based on multiple
criteria for measuring contractor safety performance. A
survey is conducted to determine the weight assigned for
each factor and sub-factor. The weights are determined as a

result of the preference expressed by the contractors. A
simp le weighted sum of all ratings is used by a PC program
where the user can enter the evaluation done to the company
and get out the final score. The tool created by BuKamsin is a
very simple tool, and it provides a systematic, structured
approach for OSH evaluation.

Cuny and Lejeune[7] discussed modeling of severity.
Theyadopted a continuous scale to measure the severity by
using the number of days lost for each accident rather than
using discrete one. Then they suggestedcarrying out a
statistical test to find the mean and standard deviation of the
log normal fit of the distribution. Although their model is
intelligent, however, it needs more than 20 records for each
category in order to be appliedcorrectly. Thisis because it
depends on the Central-Limit Theory applied to Normal
Distribution model. It is considered as a lagging indicator.

An attempt was carried out by Acikalin[8] to combine
both risk assessment using accidents data and the evaluation
of safety management in one model. He suggested that each
organization shall carry out two types ofrisk assessment, one
using accidents data and the other by evaluating management
efforts. The writer evaluated safety management efforts by
using a linear logarith mic formula to generate a management
risk factor. The method relates the management risk factor
and the risk assessment accident-based factor, and it states
that the change of any of them will affect the overall measure.
As the effectiveness of the management goes down the total
risk of the establishment will increase. The model showed
very convenient way to combine leading and lagging
indicators. However, in the absence of accident data this
method will not be applicable.

Keren[9] has presented a discussion on how to evaluate
safety performance within the facilities, among different
number of facilities and across a whole type of industry. The
aim was to develop a model for safety performance
evaluation that will be independent from users’ opinion and
will give a sort of standardization. She has created an
index-aided model to measure safety performance of an
organization using the science of multi-disciplinary decision
making. Keren suggested a hierarchy scheme for OSH
performance as the one used by the Management of Change
(MOC) practice. She segregated the problem into layers, and
then conducted a survey involving a panel of experts
including six members to determine the relative importance
of each attribute. Using AHP analysis,Keren has determined
relative  weightsforeach factor and sub-factor. Then
shedesigned an evaluation form to measure OSH
performance of workplaces. The overall performance rate is
calculated by using simple weighted sumofall factors.

2. OSH Enforcement in Bahrain

2.1. Introduction
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Table 1. Final weights found by thethree models

Ministerial Order / Sub-Factors AHP AWM Combined Average Model

A 1976-07: The first aid box 0.0101 0.0592 0.0346
Al First aid boxes 03333 0.5109 04221
A2 First Aidtraining 0.6667 04891 0.5779
B 1977-12: Construction S afety 0.0779 0.0581 0.0680
Bl Erection and using of scaffolds 0.0503 0.0557 0.0530
B2 fixing and using of ladders 0.0511 0.0554 0.0532
B3 heavy objects handling 0.0339 0.0568 0.0453
B4 Housekeeping 0.0369 0.0554 0.0461
B5 Mechanical vehicles Safety 0.0399 0.0570 0.0485
B6 Confined spaces precautions 0.0606 0.0543 0.0574
B7 Using of Chemical Paints 0.0371 0.0539 0.0455
B8 Electrical Safety 0.0688 0.0612 0.0650
B9 Fire Safety 0.0581 0.0592 0.0587
B10 Cartridge tools precautions 0.0332 0.0506 0.0419
Bl1 Precautions againgt collapsing 0.0545 0.0532 0.0538
B12 Ventilation 0.0735 0.0557 0.0646
B13 Protection while working near water 0.0407 0.0488 0.0448
B14 Lighting 0.0490 0.0551 0.0521
B15 PPE 0.0536 0.0587 0.0561
B16 Safe Access 0.0585 0.0587 0.0586
B17 Demolitions works precautions 0.0782 0.0512 0.0647
B18 Workingat height 0.1223 0.0592 0.0908
C 1977-13: Grinding Wheels Safe ty 0.0249 0.0592 0.0421
Cl Prober assembly 0.1736 0.1694 0.1715
C2 Competent operator 0.1877 0.1759 0.1818
C3 Proper using 02107 0.1677 0.1892
C4 machine guarding 0.1779 0.1734 0.1757
C5 awareness signs 0.1173 0.1621 0.1397
C6 grinding wheels storage 0.1327 0.1515 0.1421
D 1977-14: Lifting e quipment Safety 0.0634 0.0627 0.0630
D1 Prober erection 02282 02013 02148
D2 Prober using 03042 0.2031 0.2536
D3 Competent operator 0.1965 0.2086 0.2026
D4 Periodical examinations 0.1567 02059 0.1813
D5 Operators cabin 0.1144 0.1811 0.1477
E 1977-15: Dange rous Machines Safety 0.0743 0.0597 0.0670
E1l Stakeholders duties 03324 03151 03237
E2 Machine guarding 0.3654 0.3457 0.3555
E3 Safe operating 03023 03392 0.3208
F 1977-25: Workplace Arrangements 0.0269 0.0615 0.0442
F1 Housekeeping 0.2000 04848 0.3424
F2 Workingat heights precautions 0.8000 0.5152 0.6576
G 1977-26: Eye Protection 0.0190 0.0639 0.0415
Gl suitable guarding 0.7273 0.5000 0.6136
G2 PPE 02727 0.5000 0.3864
H 1977-27: Woodworking Machinery Safety 0.0310 0.0553 0.0432
Hl1 Competent operator 0.1908 0.1743 0.1825
H2 Control of noise 0.1384 0.1492 0.1438
H3 Proper assembly 0.1726 0.1639 0.1683
H4 Proper using 0.1898 0.1700 0.1799
H5 sufficient lighting 0.1260 0.1691 0.1475
H6 machine guarding 0.1825 0.1735 0.1780
1 1977-31: Hammable Martials Safety 0.1059 0.0639 0.0849
11 Prohibition of smoking 0.2536 0.3438 0.2987
12 firefighting equipment 0.2695 0.3438 0.3067
13 handling of highly flammable materials 04769 03123 0.3946
J 1977-32: High Pressure Equipment Safety 0.0910 0.0548 0.0729
J1 Adequate assembly 0.3396 0.3363 0.3379
12 Confined spaces precautions 04111 0.3363 0.3737
13 Periodical examinations 0.2494 0.3275 0.2884
K 1977-33: Electrical Safety 0.0486 0.0598 0.0542
K1 competent electricians 0.2099 0.1645 0.1872
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K2 protection and devices 0.1646 0.1701 0.1674
K3 instructions for emergency response 0.1301 0.1589 0.1445
K4 Safe design of controlling boards and sub-stations 0.1575 0.1605 0.1590
K5 portable electrical devices precautions 0.1646 0.1701 0.1674
K6 Conductors insulation 0.1733 0.1758 0.1745
L 1977-34: Confined Spaces Pre cau tions 0.0870 0.0558 0.0714
L1 Hot jobs precautions 0.5714 0.4980 0.5347
L2 Working precautions 0.4286 0.5020 04653
M 1978-03: Health and Welfare 0.0381 0.0560 0.0471
Ml Noise reduction PPE 02119 0.1740 0.1929
M2 Health measures 0.1982 0.1628 0.1805
M3 Welfare facilities 0.1547 0.1594 0.1571
M4 Drinking water 0.2320 0.1722 0.2021
M5 Setting means 0.1040 0.1662 0.1351
M6 Adequate clothes 0.0992 0.1654 0.1323
N 2000-06: Safety Man agement 0.1145 0.0571 0.0858
N1 Employers Duties 0.1878 0.1342 0.1610
N2 Safety committee 0.1468 0.1260 0.1364
N3 punitive actions in penal code 0.1017 0.1134 0.1075
N4 Notification of contracting jobs 0.0690 0.1150 0.0920
NS PPE 0.0956 0.1272 0.1114
N6 employment of safety officer 0.1182 0.1291 0.1237
N7 Safety training 0.1481 0.1285 0.1383
N8 Workers duties 0.1328 0.1265 0.1297
[0) 2001-03: Health Surweillan ce 0.0723 0.0527 0.0625
Ol health surveillances 0.1829 0.3206 02517
02 hamed workers rotation 0.5282 0.3388 04335
03 Notifying of illness by workers 0.2889 0.3406 0.3147
P 2005-12: Fire Safety 0.0958 0.0608 0.0783
Pl fire risk assessment 0.1618 0.1502 0.1560
P2 Emergency plan 0.1060 0.1434 0.1247
P3 Firefighting training 0.1543 0.1394 0.1468
P4 Obtaining fire certificate 0.1368 0.1252 0.1310
P5 firefighting equipment 0.1626 0.1475 0.1551
P6 emergency exists 0.1013 0.1488 0.1251
P7 high fire risk jobs precautions 0.1772 0.1455 0.1613
Q 2006-01: Accidents Reporting 0.0192 0.0595 0.0393
Q1 intemal reporting system 0.5714 0.5085 0.5400
Q2 Reporting of accidents to authority 04286 04915 0.4600

Chapter 12 of the Labour Law of Kingdom of Bahrain for
the private sectors(No. 23-1976) dealed with safety and
health at work. This chapter stated the duties of employers
and workers as well as the duties and powers of Ministry of
Labour in that field. It gives the Ministry the power of
imposing sanctions to the employers who failed to provide
the necessary precaution to protect their workers from the
hazards and risks raised from the working activities. Chapter
18 of the same law establishes the concept of labour
inspection along with the power of the inspectors appointed
forthat function. It also appointed the Minister of Labour to
regulate the operation and policy of labour inspection[10].

Under the umbrella of this law there are 20 ministerial
orders issued to regulate OSH at workplaces. These orders
covered the management of OSH on establishment level,
operations safety, health and welfare and fire prevention.
Each Ministerial Order will be divided into a number of
sub-factors (j), and each sub-factor consists of a set of legal
articles that deal with the selected subject. For instance, the
First Aid Ministerial order consists of 6 articles, it can be
divided into 2 sub-factors as mentioned below, one is

“Providing suitable first aid boxes” and the other is “First
Aid training”. The first sub-factor will represent the articles
numbers (1), (3) and (4) while the second one represents
article (5) only. The rest of articles are usually describing
administrative issues. These will guide the focus of the
inspector rather than just seeking for the compliance of each
article. Eighty four sub-factors were assigned to all articles
included in the selected Ministerial Orders, (the Ministerial
Orders and their sub-factors are shown in column 2 of Table

D).
2.2. Occupational Safety Section

Along with the dramatic developments in Bahrain,
Ministry of Labour and Social Affairs established the
“Occupational Safety Section” (OSS) as part of the Labour
Directorate. It consisted of limited number o f engineers and
specialists to carry out the main duties. In 1976, the
ministerial order number (8) issued by the Minister of
Labour stated the functions of OSS section as follows:

o Conduct periodical inspection for factories,
establishments and various workplaces. The objective of
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visits is to provide both employers and workers with the
necessary information and instructions to avoid work related
hazards. Also these visits aim to enforce complying with
OSH rules and regulations.

@ Investigating complaints communicated to the section
regarding OSH violations in workplaces.

@ Organizing awareness activities to raise the preventive
OSH culture among employers and workers.

@® Registration of occupational accident notifications
sent by the employers or workers themselves.

@ Carry out occupational accident investigation.

@ Be aware of the latest studies and researches in the
field of OSH.

2.3. OSS Procedures

OSS carries out its inspections on random basis. Different
types of establishments or workplaces are selected and
distributed among the team. There are no specialized
campaigns based on the level of existing hazards or on the
basis of past history. On field, the inspector will study the
existing hazards and the level of risk based on his/her
experience and will check out whetherthe measures taken by
the establishment to protect workers are adequate enough.
The inspector may question managers regarding the status of
recent accidents and injuries. Photos of the workplace may
be taken by the inspector to document any noticed violations
to OSH regulations. The main reference for inspection is the
Labour Law and OSH ministerial orders mentioned above.
Based on field visits, OSH inspectors may decide upon the
actions that will be taken to ensure complying with OSH
standards and regulations as follows:

@ Initiate a verbal notice to the employer.

@ Initiate an “Improvement Notice” which is a written
document showing the violations found on field and warning
him/her to comply with rules.

@® Initiate a “Prosecution Notice”; a document to be
transferred to the judicial authorities to decide upon the
necessary judgment based on the local law.

® Order for closure of the establishment totally or
partially by prohibiting one operation or more.

3. OSH Measurement Modeling

3.1. Introduction

As mentioned previously, OSH factors and sub-factors
should have relative weights or measures that can be used to
establish a single measurement for OSH performance within
the National Enforcement Model. The following sections
will discuss the development of these relative weights,
recalling that the main factors are the OSH Ministerial
Orders, and the sub factors are the groups that subdividing
the articles of each Ministerial Order as explained before.

The review of the Kingdom of Bahrain OSH frame work
showed that it is not suitable now to depend on accidents or
injuries data to develop an evaluation model even on sector
basis. This is because of the lack of accident data and the

different definitions approved by the concemed parties, i.c.
MOL and SIO. So building a leading measurement model
using a multi-decision criterion will be the best option in
order to help the OSH inspectorate to evaluate companies’
compliance with OSH standards and regulations.

Two different methods aretested to select one for building
a model, the Average Weights Model (AWM) and the
Analytic Hierarchy Process (AHP) method. The Average
Weights Model is astraight forward simple method to apply.
The AHP analysis is a multi-criteria decision making tool,it
is one of the best known methods in the multi-criteria
decision making environment[11]. AHP assists the evaluator
in dealing with complex situations. It has the ability to define
the problem in a number of simple layers that can be
compared independently of other layers designed in the
problem. AHP does not require consensus, it can represent
outcome from diverse judgment[9].

Three models are used to find relative weights for OSH
factors and sub-factors that affect the OSH performance in
workplaces: one using simpleAverage Weights,another
using Analytic Hierarchy Process (AHP), and a third model
(Combined Average) created by finding the mean of
bothAverage Weights and AHP.

3.2. Average Weights Model (AWM)

In order to build relative weights for all safety attributes
that will be used in the model, i.e. OSH factors and
sub-factors, the opinion ofthe customers, i.e. the companies,
is sought.Following the methodology described by
bu-Khamsin[1] a questionnaire is designed to find out the
importance of each factor and sub-factor that affects safety
and health performance. For the purpose of the questionnaire
a scale from Zero, indicating no impact, to four,indicating
very high impact, is used.

The questionnaire is distributed for a sample of 150
selected companies. The sample is selected from
manufacturing and construction companies that employ
more than 100 workers as per the database of Ministry of
Labour. The aim of this criterion is to insure that the selected
companiesare well established and have at least one
occupational safety officer or specialist in charge.Seventy
one (71) replies are received from the distributed
questionnaire.

The collected responsesfrom the companies participated
in the questionnaire are translated to relative weights using
the following steps:

1. The mean impact for each sub-factor is established by
calculating the average importance from the questionnaire
responses using the rating scale in the questionnaire (Very
high = 4, High = 3, Moderate = 2, Low= 1, No impact = 0).

2. The weight of each sub factor is determined by using:

SFMI;;
SFy = Si oo™ (2)
j=17"10
where;

SFj; is the weight of the sub factor j that is associated with

the main factor i,
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SFMI;; is the mean impact of the sub factor j that is
associated with the main factor i,

M; is the number of the sub factors in the main factor i.

3. The mean impact of the main factor is determined
using:

M

L SFMI

MFMI; = 3)

where;
MFM]; is the mean impact of the main factor i.
4. The weights of the main factors are calculated by using:

MFMI ;
MF, = Y MFMI 4
where;
MF; isthe weight of the main factor I,
n isthe total number of main factors used.
The weights are subject to the following constraints:
2l MF, =1 ©)
and
M; —
21 SF; =1, for all 1 (6)

The final calculated relative weights for the Ministerial
Orders and their associated sub-factors are included in
column 4 of Table 1.

3.3. Analytic Hierarchy Process

AHP method has the following steps as described
by[12]&[13]:

a. Define the problem.

b. Structure the decision hierarchy. The top will be the
goal which is OSH performance in our situation, then the
objectives and sub-objectives.

c. Construct the pair-wise comparison matrices.

d. Use the priority weights calculated to determine the
level of importance for each objective and sub-objective.

Similar steps are followed in order to generate AHP
relative weights for OSH factors and sub-factors selected as
described above. AHP decisions’ matrices can be build using
the user own opinion:

a. Definition of the problem:

The problem is how to calculate the safety performance of
a company as a single measure by measuring the level of
compliance with OSH regulations.

b. Structure the decision hierarchy:

The same classification done for all 17 selected OSH
Ministerial orders are used as the structure of the decision
hierarchy. The Ministerial Orders (main factors)are
considered as the first level while the sub-factors are the
second level. The decision tree is partially shown in
Appendix A.

c. Construct the pair-wise comparison matrices:

In order to build the matrices a questionnaire consists of
850 pair-wise questions is prepared and distributed for 15
selected OSH experts to evaluate individually the level of
importance the 84 selected sub-factors.This step is inspired
by the Model created by Kemn[9]. The OSH experts are from

different entities. Some of them work as OSH inspectors in
Ministry of Labour, the OSH enforcement body, and some
are either private consultants or work for an industrial firm in
the field of safety and health. So, the AHP questionnaire
seeks the opinion of independent parties.

The concept of the pair-wise comparisons is to compare
the relation between two choices with respect to each other.
For example, the Ministerial Order No. 1977-15 which deals
with safety of dangerous machines has 3 groups, ie.
sub-factors:

1. Duties of designers, manufacturers, importers and
exporters of dangerous machines.

2. Providing adequate guarding.

3. Safe operating of dangerous machines.

So it must have a set of 6 pair-wise questions in order to
decide upon the important group, the questions should be as
follows:

1. Which is more important “The duties of designers,
manufacturers, importers and exporters of dangerous
machines” or “Providing adequate guarding”?

2. Which is more important “Providing adequate guarding”
or “The duties of designers, manufacturers, importers and
exporters of dangerous machines”?

3. Which is more important “The duties of designers,
manufacturers, importers and exporters of dangerous
machines” or “Safe operating of dangerous machines”?

4. Which is more important “Safe operating of dangerous
machines” or “The duties of designers, manufacturers,
importers and exporters of dangerous machines”?

5. Which is more important “Providing adequate guarding”
or “Safe operating of dangerous machines”?

6. Which is more important “Safe operating of dangerous
machines” or “Providing adequate guarding”?

Table 2 illustrates the scale of comparison which indicates
the level of importance for one element over another element
with respect to the selected criterion.

Table 2. AHP scale of comparison

Intensity of Importance Definition

Equal importance
Weak or slight
Moderate importance

Moderate plus

Strong importance

Strong plus

Very strong

Very, very strong importance

Olo|N|lan|n]|bh|W N ]|—

Extreme importance

Assume that ajj is the value of comparison of element i
with element j. a;; will represent the ratio between the
weights of element i (w;) and element j (w;). If the average

weight for question 1 is 8, i.e. w;=8, and that for question 2
is 2, ie. w,=2 will lead to that: a = §= 4 and so on.

Whenever j=i the element value a;=1 as the element is
compared with itself.
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All the selected attributes are put into a matrix A to show
the compared data as follows:

a1 Qr2 Ain

Ap1  Gpgy - Oy
[ 1 " Y

w, W

@, 1 [, ™)

| : i W
an/_l W"/WZ w1

Wi wj

w
where a; = — and q; =—
-

J

Theresult of all replies to the experts’ AHP questionnaires
are collected and averaged to obtain the nearest best value for
AHP scale.

d. Calculating Priority Weights:

The normalized matrix is calculated for matrix A by
dividing each element by the sum of its column to find
matrix B:

by by by
bzl bzz wen bzl —
b

[ 1/2 Ol1n/z:?:1 am]
| ) . : | (8)
- /Z /Z{‘zlain |

To find the final relative weight, the average of each row
is calculated:

©)

To measure the inconsistency, matrix A is multiplied by
the relative weight vector calculated above to produce vector
C:

aj; Qg an, ] [RWi] €1
a a a c

c= | 2[RV 2 ()
ap1  Qu2 A RWn Cn

Then each element of vector C is divided with the
corresponding relative weight to produce vector D:

1
|[RW1] d;
€1

Dzlwl = d} (11)
c:,ﬂ d,
L]

The average of vector D is calculated to obtain the value of
the factor A:

A — ?=ldi
n

(12)

Finally The Consistency Ratio for a vector with size n is
calculated by the following formula:

A—n
(R = RIx(n—1)

(13)

Where RI represents the random coherence index
provided by Saaty[12] who recommends that if the CR value
exceeds 0.10, the judgments should be reviewed. If not, that
will verify the coherence of the relative weights calculated.
As the available literature do not provide the RI value for
matrix above size of n=10, the RI is derived using the
equation developed byAlonso & Lamatafor any size of
matrix n[ 14].

Applying the method mentioned above will result in the
relative weights shown in column 3 of Table 1 for the
Ministerial Orders and their associated sub-factors.

The AHP calculated weights show consistency ratios
within the feasible range which is less than 10%. This
supportts also the feasibility of the model.

3.4. Combined Average Model

As discussed before, the data collected and used inthe
Average Weights Model represents the opinion of the
companies while the one used in AHP model represents the
opinion of independent OSH experts. The companies may be
conservative about giving high importance to some OSH
points especially if it requires high budget such as providing
first aid training. Onthe other hand, experts are very ideal
while dealing with OSH matters. To bridge that gap, it is
worth to see the effect of combiningthe results by finding the
average relative weights for OSH main factors and
sub-factors foundabove. This combination generated what is
called the Combined Average Model that may generate
more acceptable relative weights for both companies and
experts. The results of the Combined Average Model are
shown in column 5 of Table 1.

3.5. Comparing the Generated Relative Weights

To compare the results of the three models, the relative
weights produced by each modelare plotted as shown in
Figure 1.1t can be noticed that the relative weights generated
by AWM are approximately evenly distributed among all
selected OSH Ministerial Orders. This means that all
Ministerial Orders have equal importance to the companies
who responded to the survey. This is not always true, for sure
that an OSH specialist will see that protecting people while
working at height is more important than just providing First
Aid Facility. On the other hand, the AHP relative weights
show totally different distribution. AHP gives high
importance to a number of Ministerial orders and varied with
others, which means more realistic relative weights and more
accurate results will be generated.It can be realized that the
average weights of the Combined Average Model are in
between the AWM and AHP relative weights.
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Figure 1. Comparison between the models calculated weights

3.6. OSH Performance Index

This step describes the numerical part of the OSH
enforcement model by suggesting a method to calculate the
OSH performance of an establishment. After deciding on a
suitable relative weight for each main factor and sub-factor
the performance calculation can be performed using a simp le
summation model as follows:

a. The aggregate weight for the case is established
usingBu-Khamsin’s[1]equation

(1)(Bu-Khamsin, 1999):

AW = X, {MF, x¥, SF; } (14)

where:

AW is the aggregate weight, MF; is the weight of the main
factor i, n is the number of main factors, SFj; is the weight of
sub-factor j associated with main factor i, and m is the
number of sub-factors.

b. Then any non-applicable items are excluded to find the
overall safety performance Index (SP%) by using:

SP% = - W %100

(15)

Where:

SP is the Safety Performance Indexas a percentage, W,,,
is the weight of non-applicable sub-factors.

After calculating the SP index, Figure 2 illustrates the
criteria can be used to select the suitable legal action. The

criteria was put in order to standardized the decision making
process. It considered not to impose difficulties on the
companies to comply with OSH regulation and not to
endanger the life of the workers by let them expose to high
risk conditions.

Com mitmen\ 90%
Verbal Notice \ 80%
SP%
Improvement
Notice
30%
Prosecution
Notice 10%
Work
Prohibition

Figure 2. Mappingofthe SP index with legal actions
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If the score of the company is more than 90% then a
commitment letter shall be issued for their high compliance
with OSH regulations. If the SP% is between 80% and 90%
then the OSH inspector can verbally instruct the company to
rectify any minor violations found in the workplace such as
non-providing enough first aid bo xes.

If the SP% lies between 30% and 80% an improvement
notice shall be issued, which is a written notice states the
violations found and the time allowed for the company to
comply with OSH standards otherwise the company will be
prosecuted.

For the SP% between 10% and 30%, a prosecution notice
shall be imposed as the score shows that there are major
violations in the workplace. Finally, if the score is less that
10% it means that the company is totally not committed to
OSH regulation and the workplace is very risky so a
prohibition notice shall be issued and the work shall be
stopped until the company rectifies all problems.

The scoring system should reflect the size of the problem
that a workplace is suffering. The actions are varied fromthe
commitment letter to work prohibition for the most serious
cases.

4. Models Validation

4.1. Validation Steps

To wvalidate the models,
considered:

the following steps are

1. Twenty cases are selected fromthe Occupational Safety
Section Database, ten from the manufacturing sector and ten
from construction sector. All the cases were inspected in
2011 by various OSH inspectors.

2. The violations recorded by the inspectors and the
approved decisionsare kept for final comparison.

3. The inspectors are consulted in some cases in order to
reflect thecorrect situation about the case.

4. The final Safety Performance Indices are calculatedand
the suitable legal actions are selected using the procedures of
Section 3 for each of the three models.

5. All resultsare communicated to the OSH inspectors
fromthe Occupational Safety Section and to the Experts who
joined the AHP questionnaire. The question is:Which model
do you prefer and which one do you feel that is more realistic
and fair?

4.2. Validation Results

Table 3 shows the final results after calculating the Safety
Performance Index using the weights found by AHP Model,
Average Weights Model and Combined Average Model.

The legal actions selected for the different cases tested by
the models do not show big differences. They seem to be
identical for most cases exceptfew of them. The Safety
Performance Indices show slightly different values. This has
led to some differences in the legal actions selected for cases
at marginal limits of the mapping criteria of Figure 2.

Comparing these legal actions with the decisions taken by
MOL inspectors, it can be noticed that there are no
significant difference between taken decisions and models
results. Most of the companies are given “Improvement
Notice” while the inspectors agreed about the OSH existing
violations. There is only one case prosecuted for its past
history of non-compliance with OSH regulations. MOL
database shows one case with no disciplinary actionbeing
taken while there are existing OSH violations.

4.2.1. The View of OSH Inspectors

The view of the OSH inspectors in MOL is that the
AWMModelis reducing the legal actions which may not be
very helpful in their duty. They see that either the AHP or
theCombined Averagemodel could be applied. Also, they
expressed that the results and the legal actions may not vary
from the actions taken by the inspectors themselves but it
will create a standard method for decision making.

4.2.2. The View of OSH Experts

The experts generally agree with OSH inspectors.
However, they prefer to use the weights calculated by AHP
model. The reason they expressed is that AHP weightsare
more realistic than the Average Weightsbecause it
differentiates between the Ministerial Orders, i.e. the main
factors. Such differentiation is not shown by the weights of
Average Weights Model. As an example the case of the first
aid Ministerial Order is rated the same as the construction
safety Ministerial Order. As per the prospective of the
experts that could not be acceptable because the risk from
violating safety measures in construction sector is morethan
that of not providing first aid box.

Generally, the model shows the ability to assist the
inspectorate to standardize the safety inspection procedure
and to promote consistency and fairness.
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Table 3. Models Validation Results
Models: AHP AWM Combined Average
Clal;e Sector UNIT_SIZE le\:/f:(i)sim SP% Legal Action SP% Legal Action SP% Legal Action
. Improvement o Prosecution o Improvement o Prosecution
1 Construction 210 . 29.50% . 30.61% . 29.34% .
Notice Notice Notice Notice
2 | Consruction 238 Improvement | 5o . | Improvement |, 50 | Improvement | 5, o), | Improvement
Notice Notice Notice Notice
3 | Construction 258 Prosecution | 5¢ oy, | Improvement |- s 5o, | Improvement | 5 ,),, | Improvement
Notice Notice Notice Notice
4 Construction 258 Improv.ement 18.07% PI‘OS@CII,IIIOI’I 16.24% Prosec.utlon 17.05% Prosec.utlon
Notice Notice Notice Notice
5 Construction 263 Improvement |, o, | Improvement |5, o, | Improvement | ¢, | Improvement
Notice Notice Notice Notice
6 Construction 269 Improvement | g 5y, | Prosecution | 34 4, | Improvement | 3y gco, | Improvement
Notice Notice Notice Notice
7 Construction 369 No Action | 48.00% | mProvement | g, goq, | mprovement | g, 5 | Improvement
Notice Notice Notice
8 Construction 430 Improvement | 5, 5, | Improvement | o5, | Improvement | 0, | Improvement
Notice Notice Notice Notice
9 Construction 761 Improvement | ;¢ ego, | Tmprovement | ¢ 510, | vierbal Notice | 79.26% | mProvement
Notice Notice Notice
. 1 t 1 . .
10 | Construction 1568 o | 78.58% mp;](z)\t/iegent 84.04% | Verbal Notice | 81.40% | Verbal Notice
11 | Manufacturing 100 Improvement | ¢ 1o, | Improvement | s, g0, | Improvement | g4 o, | Improvement
Notice Notice Notice Notice
. Improvement o Improvement o Improvement o Improvement
12 Manufacturing 118 Notice 70.69% Notice 73.49% Notice 71.91% Notice
. I I I I
13 | Manufacturing 137 MPIOVEMENt | 5 gqq, | IMPIOVEMENt | g6 ggo, | IMProvement | g 5y, | Improvement
Notice Notice Notice Notice
14 | Manufacturing 137 Tmprovement | ¢ g0, | Improvement | 533, | Improvement | g5 70, | Improvement
Notice Notice Notice Notice
15 | Manufacturing 168 Improvement | - o, | mprovement | g, se0. | \ierbal Notice | 78.71% | mprovement
Notice Notice Notice
16 | Manufacturing 176 Improvement | g 490, | Improvement | 5 ¢)q, | Improvement | ;g 00, | Improvement
Notice Notice Notice Notice
. Verbal N Improvement o Improvement o Improvement
17 Manufacturing 281 Notice 43.50% Notice 40.62% Notice 42.60% Notice
18 | Manufacturing | 425 Improvement | (o 5o, | Improvement | 5 g, | Improvement |, 47, | Improvement
Notice Notice Notice Notice
19 | Manufacturing 429 Improvement | ¢4 1g, | Improvement | (5 g6, | Improvement | ¢35, | Improvement
Notice Notice Notice Notice
20 | Manufacturing 1703 Improvement | 5 g, | Improvement |5, | Improvement | oo g0 | Improvement
Notice Notice Notice Notice

5. Conclusions

The paper shows that the developed numerical method and the relative weights build up using the AHP give valid results
and reasonable evaluation to OSH in workplaces. They also make an easy and understandable approach in this regard. The
model shows the ability to standardize the inspection work carried by OSH inspectorate. Applying such model may promote
consistency and fairness and increase the level of trust between the inspectorate and employers.

By testing the validation of the models, the AHP method shows more accurate relative weights over the AWM,; it clearly
distinguishes between the high ranked violations and other minor ones. The decisions selected by the model are valid and
accepted by both the OSH experts and OSH inspectors who are consulted.
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Appendix A

Part of A HP structure chart:

Ministerial Order No 07-1976

Ministerial Order No 12-1977

Ministerial Order No 13-1977

Ministerial Order No 14-1977

Ministerial Order No 15-1977

Ministerial Order No 25-1977

Ministerial Order No 26-1977

Ministerial Order No 27-1977

OSH
Performance

Ministerial Order No 31-1977

Ministerial Order No 32-1977

Ministerial Order No 33-1977

Ministerial Order No 34-1977

Ministerial Order No 03-1978

Ministerial Order No 06-2000

Ministerial Order No 03-2001

Ministerial Order No 12-2005

Ministerial Order No 01-2006
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