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Abstract
Background: Today, the performance of the Health, Safety, 
and Environment Management System (PHSE) has different 
dimensions depending on the type of organization or industry. 
The purpose of this study was to evaluate the performance of the 
Health, Safety, and Environment Management System (HSE) of 
Saba Tire Cord Company using the Balanced Scorecard Model 
(BSC).
Methods: This descriptive-analytical study was carried out in 
2016 at Saba Tire Company in Zanjan, Iran using the multi-criteria 
decision making (AHP & TOPSIS) and BSC models. To determine 
the validity and reliability of the tool, the content validity and the 
Cronbach’s alpha coefficient were used. The process of the sampling 
was done using an all count method among 300 employees of Saba 
Tire Company. Data were analyzed using SPSS 11.5, TOPSIS, 
and Expert Choice software Two questionnaires were used for the 
criteria and sub-criteria ranking and prioritization of the options.
Results: In the 5-dimensional Balanced Scorecard, the customer 
dimension with 86.7% had the best performance and the financial 
dimension showed with the lowest score in the PHSE management 
system by 84.3% from the results of data analysis using Expert 
Choice software, the customer benchmark with the relative weight 
of 0.46 and the environmental criterion with a relative weight of 
0.06, had the highest and the lowest scores for the panel members 
in the performance of the HSE management system; from the 
results of data analysis with the TOPSIS software, it was seen that 
the safety dimension (with a final value of 0.7) had higher rating 
than health and environment.
Conclusion: Among the perspectives that were analyzed in the 
hierarchical analysis method, the customer’s criteria were chosen 
as the superior benchmark for the PHSE management system. 
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Introduction
Due to sensitive environmental and social issues 
at the present time, modern organizations need 
to pay extra attention to the protection of the en-
vironment and the health and well-being of the 
employees in addition to the importance of cus-
tomer’s satisfaction. The most important issue that 
encourages the companies and institutions to use 
safety, health, and environmental systems is the 
emergence of a specific level of demands and ex-
pectations from stakeholders in the fields of safe-
ty, health, and environment. However, organiza-
tions go beyond the rules and standards as they are 
supposed to be the preferred organizations in that 
area. This also strengthens its credibility and rep-
utation for investors, customers, and stakeholders, 
who are sensitive to the issues by such as increase 
in productivity, reduction in environmental risks 
and promoting the health and safety 1. The process 
of evaluation refers to the process of determining 
the importance of an activity, policy or program. 
In other words, the evaluation system, the inter-
vention process of the objectives, and the plans 
are systematically designed 2 .

The evaluation of performance is a continuous 
process that measures the degree of deviation 
from the goals. In this process, the efficiency of 
the used resources, the work processes, the quali-
ty of product (output processes), and services are 
tested 3. Since one of the most important and crit-
ical factors in achieving the goals of an organiza-
tion in terms of Health, Safety, and Environment 
(HSE) is the quality and effectiveness of safety, 
health, and environmental management systems, 
then the organization or the industry needs to eval-
uate the performance of above mentioned systems 
for determination of effectiveness 4,5 . The signif-
icance of an HSE management system is deter-
mined by the number of accidents and their costs 
to the system. For example, according to data from 
the International Safety Association of the United 
States, there are about 2,200 deaths and 220,000 
injuries per year caused by the occupational acci-
dents, which impose significant costs 6. Therefore, 
it can be concluded that the HSE management sys-
tem must be continuously evaluated to improve 
the level of HSE management activities as well as 
to reduce work accidents and human casualties. 
Many organizations use simple indicators to as-

sess their core areas of work, but health and safety 
professionals do not have such indicators 7. 

The balanced scorecard with its flexibility feature 
can adapt itself to the specific features of the safe-
ty and health management system, so it will be a 
suitable and cost effective tool to combine the 
different indicators and reflect the interests of all 
stakeholders in the operational plans of an organi-
zation for the occupational safety and health6,7. The 
Balanced Scorecard approach, first introduced by 
Kaplan and Norton in 1992, has been then used by 
many organizations and researchers as a tool for as-
sessing the performance of the systems. There are 
usually four indicators to evaluate the performance 
in a balanced scorecard model used: financial per-
formance, customer focus, internal processes, and 
growth and learning 8. The HSE management sys-
tems in each organization or industry focus on three 
sectors including human, capital, and environment 

9. The reasons for this are the interest of most orga-
nizations and industries in maintaining their assets, 
such as labor, preventing the loss of funds, main-
taining the intangible assets of an organization or 
industry including culture, internal and external 
relations; being competitive 9. On the other hand, 
looking at the environment is not similar to that 
looking at capital and human beings. Some high-in-
come organizations and industries do not pay at-
tention to the problems produced by themselves 
to the environment and, in other words, the most 
important issue for such organizations is earning 
more income. All organizations are responsible for 
the environment; however, it is hard to put pressure 
on them by issuing fines as they prefer to pay fines 
instead of paying attention to the environment. Due 
to the resilience of the balanced scorecard mod-
el, and also the importance of the environmental 
review for the reasons mentioned, in this study, 
a separate layer was devoted to the environmen-
tal dimension of the HSE management system 9. 
With regard to the mentioned issues, the purpose of 
this study was to evaluate the performance of the 
HSE management system of Saba Tire Cord Com-
pany in Zanjan using a balanced scorecard model.

Materials and Methods
In this study, which took place at Saba Tire Cord 
Company in Zanjan in 2016, the performance of 
the health and safety management system was eval-
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uated using a modified balanced scorecard model. 
Since the balanced scorecard model did not have a 
standard questionnaire in the field of HSE manage-
ment, we designed a questionnaire in that regard. 
Designing such a questionnaire based on the needs 
and models and the evaluation of standards in the 
field of HSE management performance, we also 
used five recommended criteria. The questionnaire 
as a tool should be tested in terms of validity and 
reliability. Usually the content validity is used to 
determine the validity of questionnaires like this 
one, especially questionnaires which are designed 
for a specific work place. Since the purpose of this 
study was to design a specific questionnaire for a 
particular work environment, we used the content 
validity. There are different methods to determine 
the reliability of a questionnaire depending on the 
function and nature of that questionnaire, so we 
preferred the Cronbach alpha method. This meth-
od is the most common method for determining 
the internal consistency and for representing the 
degree of proportionality of a group of items that 
measure a structure. The minimum acceptable 
coefficient for reliability is 0.7. In our study and 
every study that uses the Likert scale in the ques-
tionnaire instrument, is under investigation this 
coefficient is necessary to assess the reliability of 
the internal consistency. In 2003, the alpha value of 
0.9, and more excellent, while 0.89-0.8 was good 
and 0.7 - .8 was acceptable, 0.6-0.7, was consid-
ered weak and less than 0.5 was unacceptable 10. As 
mentioned, the content validity has been used to 
assess the validity of this questionnaire and can be 
tested quantitatively and qualitatively. To evaluate 
the content validity of questionnaire, from point of 
views of a statistician, an epidemiologist and inter-
viewing specialists were used, according to their 
ideas, the proper words, the importance of items, 
and the placement of items in their proper place in 
a correct grammar were modified 11. The Content 
Validity Index (CVI) were used for quantitative 
content validity.

In order to calculate the content validity index in 
this questionnaire, 19 experts’ opinions were used 
in two groups of 10 and 9 with different tendencies. 
Therefore, we distributed the questions separately 
among the ten professors and experts. Other ques-
tions were designed in four other dimensions of the 
balanced scorecard (growth and learning, finance, 

customer, and internal processes) and sent to 9 of 
the (state-recognized) expertise in the field who 
had education and specialties in the same field. The 
questionnaires were evaluated using three spectra: 
“the spectrum of necessary, the spectrum of use-
ful but not necessary and unnecessary”. Then, the 
Lawsche formula was used to calculate the CVI.

The calculated ratios for each question must be 
compared with the numbers presented in the ta-
ble ; then, if the value obtained from the table is 
greater than or equal to the numbers then the va-
lidity of that question is verified in terms of con-
tent validity 11,12.

After determining and calculating the Content Va-
lidity Ratio (CVR), the CVI index can be calcu-
lated. To compute this index, the selected profes-
sionals should answer each question in the initial 
questionnaire based on the three criteria of sim-
plicity, relevance and clarity regarding the 4-part 
Likert scale. The CVI formula was used to cal-
culate the content validity index. The formula for 
calculating the CVI is as follows: Content Validity 
Index = (total score for each item with ratings 3 
and 4) / total number of responses. The acceptance 
of each item was based on the following criterion 

13: Content Validity Score “above 0.79” as appro-
priate, content validity index score “0.7 to 0.79” 
as questionable and needs to be amended and any 
less than 0.7” as unacceptable. The last one was 
removed from the study.

When the validity and reliability of the ques-
tionnaire were obtained, the data collection was 
started. The population of this research included 
all personnel of Saba Tire Cord Company in Zan-
jan city. The total statistical population, or the 
number of personnel in the company, was 552. 
To survey the workers, a proportional stratified 
sampling based on the company units was car-
ried out. There was no presupposition to calcu-
late the sample size, so a standard deviation of 
100 and a precision of 10 was suggested. There-
fore, the number of samples reached a figure of 
384. Considering the number of 552 workers in 
the study, we used the sample size correction co-
efficient for a limited community and the final 
sample size came up to 290 and got rounded to 
300 for ease of result analysis. We used the SPSS 
11.5 software.
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To identify the weaknesses and strengths of the 
listed HSE management system in more details, 
the variables were extracted from the original 
questionnaire. The use of these variables was to 
design two paired and pop-up questionnaires. 
There were 5 criteria plus 22 sub-criteria in the 
paired questionnaire (Table 1) and 22 sub-crite-
ria, the three options (safety, health and environ-
ment) were used in design of the Topsis Ques-
tionnaire. Various methods have been utilized 
for selecting the criteria to evaluate the designed 
questionnaire. For example, Keeney et al and 
Saaty et al presented some methods 14,15 that we 
included. Erwin et al recommended a maximum 
of 2±7 criteria per branch 16. In the present study, 
as a modified balanced scorecard model, five cri-
teria were selected (Table 1). Evaluation of rel-
ative importance of options is one of the most 
important and difficult decision-making process-
es that any mistake in it can cause significant un-
certainty in the final decision 17. Therefore, in a 

decision-making process, it is an error to put de-
cisions on the basis of mental judgment and use 
it directly to calculate the superior option. There 
are several methods that can fairly calculate the 
accurate weight of indices or options. Distance 
scale is a general method for measuring a qualita-
tive index with a bipolar distance scale (Table 2).

After setting criteria and the constraints affect-
ing the decision making processes, the matrix of 
the paired comparison matrices was provided to 
the statistical society in which 15 experts of Saba 
Tire Cord Company were selected from differ-
ent units. The data were entered into the Expert 
Choice software and the pairwise comparison 
of the criteria and the calculation of the incom-
patibility rate were carried out. For this purpose, 
the hierarchical structure was used in accordance 
with the following diagram (Diagram 1). 

This structure consists of four levels of purpose 
(HSE performance management assessment), 
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Table 1. The study structure for HSE management system performance

Benchmark Sign Sub criteria Sign

The environment A1

Produced products
Maintain and improve the environment

Update policies
Provide training in this field

A11
A12
A13
A14

Internal process A2

Leadership and commitment of senior management
Assessment of risk identification and management

Run and monitor scheduled programs
Development of goals and policies

Audit and improve performance criteria
change management

A21
A22
A23
A24
A25
A26

Financial A3

Provide resources and manage it
Having certain criteria in supplying raw materials

Capital integration
Impact on increasing annual profit

A31
A32
A33
A34

Customer A4

Staff Participation in Performance Improvement
Outsourcing communication

Maintaining and promoting the health and safety of the workforce
Satisfaction of staff

Increasing product quality

A41
A42
A43
A44
A45

Growing and learning A5
Personnel Training

Documentation and Documentation Control
Keep up to date with training programs

A51
A52
A53

Table 2. Distance scale

1 3 5 7 9

The same preference Slightly preferred Strong preference Very strong preference More preferable
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criteria (five scorecard scales), sub-criteria (22 
sub-criteria), and options (safety, health and en-
vironment). As noted above, in this study, the 
three safety, health and environmental choices 
were ranked based on the existing conditions. 
Therefore, a separate questionnaire was designed 
in which three “health, safety, and environmen-
tal” measures were assessed by 22 sub criteria 
of AHP questionnaire. The questionnaire was 
distributed among 15 experts of Saba Tire Cord 
Company. The data were ranked using the TOP-
SIS software. In order to weigh the options in this 

questionnaire, the intervals of 1 for very weak, 2 
for weak, 3 for moderate, 4 for good, 5 for very 
good were used.

Results
In this study, the performance of the HSE manage-
ment system was tested from two points of person-
nel’s’ and experts’ views. The results are presented in 
tables 3 and 4. 

The experts’ point of view and the extracted 
weights by AHP & TOPSIS are shown in table 4.

Diagram 1. The hierarchical structure of HSE management system performance.

Safety

A 1

A 11 A 21 A 22 A 23 A 24 A 25 A 31 A 32 A 33 A 34 A 41 A 42 A 43 A 44 A 45 A 51 A 52 A 53A 12 A 13 A 14

A 2 A 3 A 4 A 5

Health Environment

HSE Management System Performance

Table 3. The performance status of BSC dimension reported by personnel 

BSC Dimension Performance status Number (%)

Environment
Poor 46(15.3)

254(84.7)
300(100)

Good
Total

Internal process
Poor 45 (15)

255 (85)
300(100)

Good
Total

Financial
Poor 47 (15.7)

253 (84.3)
300(100)

Good
Total

Customer
Poor 40 (13.3)

260 (86.7)
300(100)

Good
Total

Growth and learning
Poor 46(15.3)

254(84.7)
300(100)

Good
Total

Beheshti AR, et alAssessment of HSE using the Modified Balanced Scorecard Model
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Table 4: The obtained weight of the layers and substrates using the Expert Choice software

Layers Substrates Weight value of substrates Weight value of layers  

Environment

A 11 0.282

0.063
A 12 0.150

A 13 0.368

A 14 0.200

Internal process

 A 21 0.260

0.103

 A 22 0.161

 A 23 0.181

 A 24 0.137

 A 25 0.094

 A 26 0.167

  Financial

 A 31 0.271

0.318
 A 32 0.120

 A 33 0.191

 A 34 0.418

Customer

 A 41 0.128

0.443

 A 42 0.090

 A 43 0.360

 A 44 0.158

 A 45 0.264

Growth and learning

 A 51 0.594

0.070 A 52 0.157

 A 53 0.249

Assessment of HSE using the Modified Balanced Scorecard Model

The incompatibility rates in different dimensions 
of the balanced scorecard were calculated for en-
vironment, internal process, financial, customers, 
growth and learnings as: 0.03, 0.09, 0.03, 0.08 
and 0.05 respectively. 

One of the important advantages of the hierarchi-
cal analysis process is to measure and control the 
compatibility of each matrix and decision. The 
acceptable range of inconsistency in each system 
depends on the decision maker, but in general, 
Saaty et al 15 suggest that if the decision inconsis-
tency is greater than 0.1, then it is better for the 
decision maker to revise his judgments. Accord-
ing our results, the acceptability and meaningful-
ness of each dimension of a balanced scorecard 
is proven. Chart 1 summarizes the results of data 
analysis as well as the ranking of options using 
TOPSIS software.

Chart 1. options ranking by TOPSIS software

Discussion 
This study was conducted in the framework of 
a balanced scorecard model in which the AHP, 
and TOPSIS methods were simultaneous-
ly used to determine the importance of criteria 
and sub-criteria, and then the ranking of options 
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was done. We found that the performance of 
the HSE management system from a custom-
ers’ perspective is better than other dimensions. 
Also, for ranking options to select the best op-
tion in terms of performance of the HSE manage-
ment system, the safety option showed the best 
status of the performance of the HSE manage-
ment system. Similar to ours in a study by Sha-
faei Gholami et al 18, the performance of the HSE 
system was evaluated using a scorecard model. 
Their study used the flexibility of the model and 
reduced the dimensions (merging two layers of 
customer and financial and transforming model 
of the scorecard model into a three-point model); 
these three views had 14 substrates 18. According 
to our analyses based on the scoring method of 
Deming cycle (PDCA), the HSE management 
system of this organization (MAPNA company) 
has a good performance in all of the sub crite-
ria and the performance of the HSE system in 
these sub-sectors including (organization and 
provision of resources for the successful man-
agement of the HSE system, the management of 
the main and secondary contractors in the field 
of HSE, planning, and designing 6. The neces-
sary systems for the establishment of the prin-
ciples of HSE, implementation and monitor-
ing of designed systems HSE, and auditing and 
improving the performance criteria of the HSE, 
are within the acceptable level of strengths 7. 
On the other hand, in this study, from the per-
spective of stakeholders and with regard to the 
sub-sectors, the value presented to customers, the 
value presented to society and the government, 
and human capital in the HSE field, the lowest 
points were observed and they are considered as 
weakness points. As far as we know, there are 
few studies that simultaneously examined the 
HSE management system from two personnel’s 
and experts’ points of view using a balanced 
scorecard 9. This study tried to use the views of all 
employees within the company for final decision 
making. Our study showed that the performance 
of the HSE system from personnel’s perspective 
was the best performance.

Our results showed that the financial dimension 
was the lowest criteria in terms of the HSE man-
agement system auditory attention. We, for the 
time, showed that we used two hierarchical anal-

ysis and the TOPSIS analysis methods together 
to evaluate the performance of the HSE manage-
ment system. For this purpose, two expert Choice 
and TOPSIS software were used. Based on the 
five main criteria, the final weights of the criteria 
and sub-criteria were determined from the ex-
perts’ point of view. Our results showed that, the 
customer benchmark had the best performance 
in the HSE management system from the point 
view of expertise. Followed by the financial lay-
er, the internal processes layer, the growth and 
learning layer, and the environment in that order. 
Also in the sub-criteria based on the final weight 
obtained from the sub-criteria, the sub-criteri-
on for maintenance and promotion of the health 
and safety of the workforce showed the highest 
weight from the experts’ point of view and also 
the criteria of documenting and controlling doc-
umentation were of the lowest weight among all 
sub-criteria. Hence, it can be discussed that due 
to the low value of the environmental criterion, 
the environmental issues are less respected, and 
that can lead to environmental problems, such as 
environmental pollution 16. Therefore, the compa-
ny must follow the environmental requirements 
seriously. Given the weight by the customer lay-
er, it can be discussed that the HSE management 
system has paid a lot of attention to work and 
labor issues by enforcing legal requirements and 
increasing worker safety in the workplace. Con-
sequently, that policy significantly reduces the 
incidents making people happier in work places 
regarding the sub-standards of the environmen-
tal layer. Considering the weight of our results, 
it is possible to say that improvement of the 
performance of the HSE management system is 
possible by putting the environmental conserva-
tion issues in company’s policies and practices. 
Internal processes layer, in order to have a bet-
ter performance from the HSE management, the 
system and its agents must convince the senior 
managers to conduct the audits, as well as setting 
benchmarks for evaluation and improvement 17. 
However, it has not yet been possible to make an 
effective decision on the provision of raw ma-
terials; in the customer layer, the HSE manage-
ment system has a special focus on labor’s safe-
ty, which can be considered as an advantage and 
also a disadvantage. An advantage is considered 
in terms of maintaining both the human resources 

Beheshti AR, et alAssessment of HSE using the Modified Balanced Scorecard Model
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and financial resources and the reputation of the 
organization, however on the other hand, by too 
much attention to this case, other sub-layers are 
remained unattended 17. In the growth and learn-
ing layer, the documentation and documentation 
control with a relative weight of 0.157 is of less 
importance. The reason for this can be referred to 
the company’s policy. In other words, in the com-
pany’s policies and goals, training is seen and 
implemented tightly, but less attention is paid to 
documentation issues. This can also be compen-
sated by periodically revisions of the policies 8.

Among the limitations of this study, one can point 
to a balanced scorecard which far the customer’s 
perspective, it includes both domestic and exter-
nal customers, and the possibility of simultane-
ous examination of these customers (domestic 
and external) for reasons such as diversification 
of the products of the company. Thus, the vari-
ety of external customers, the timing of detection 
and finding them and the possibility of some not 
cooperating, the research team decided to aban-
don the assessment of the performance of the 
HSE management system by external customers. 
Therefore, for future studies, it is suggested that 
the layers of stakeholders be assessed from the 

perspective of both internal and external custom-
ers’ points of view. Also, considering the flexi-
bility of the scorecard model, health and safety 
can be used as a perspective in reassessment to 
compare the results. 

Conclusion
Regarding the results, it can be concluded that the 
HSE management system was very good from 
the customer’s point of view, from the perspec-
tive of the personnel’s and from the perspective 
of the experts. The performance of the HSE sys-
tem in terms of underlining aspect of the work-
force safety was placed higher and looked more 
important. We believe that the results from the 
TOPSIS software also offer a better safety rating 
than health and the environment.
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