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ABSTRACT

Introduction: Permit-to-work system (PTW) system is a documented system to control the activities with
inherent risks and probability of accident occurrence. To inform the performance and efficiency of a system, it
must be periodically monitored and evaluated, and the permit to work system is no exception of this principle.
The aim of the present study was to design and develop software for evaluating the performance of the PTW
system.

Material and Methods: This study included two main stages. At the first stage, based on the literature review
and interview to the academic and industrial experts, the PTW questionnaire for evaluating the performance
was created. The second stage involved the design and implementation of an initial version of a software and
the investigation of its usability. Designing the software was performed using system development life cycle
(SDLC). The usability of this software was evaluated by Think-Aloud method. Finally, the users’ satisfaction was
measured using the Questionnaire for User Interface Satisfaction (QUIS) questionnaire.

Results: Based on the results of the QUIS questionnaire, the overall satisfaction of the designed software was
7.71in a nine-point scale. The scores of the software performance, display and user interface features, software
terminology and information, learning, and overall system capabilities were obtained as 7.58, 7.37, 7.75, 8.11,
and 7.74, respectively. Also, the outputs of the excel and SPSS software were in accordance with those of
designed software, which show the reliability of the outputs of the designed software.

Conclusion: The designed software facilitate the proper and systematic analysis and it is flexible to evaluate the
PTW system and represent types of reports in predefined structures that can be a useful tool in the process
industries such as oil and petrochemical refineries and other similar industries.
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1. INTRODUCTION it should be periodically monitored and evaluated.

Permit-to-work (PTW) system is a set of
components for providing a safe environment
to prevent accidents during work. In process
industries, some works such as hot, cold, electrical
works require the PTW. Given that the multiple
tasks are performed during a work shift, the
number of issued work permits in these industries
may increase. So, there is a need for coordinating
the components of the PTW system. In order to
determine performance and efficiency of a system,
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PTW system is no exception of this rule (4).
Hence, the use of computer software, as a control
solution, can be useful. This study was aimed to
develop suitable computer software for evaluating
the performance and identifying the strengths and
weaknesses of PTW system in an oil refinery.

2. MATERIAL AND METHODS

This research consisted of two main stages. At
the first stage, based on the literature review and
interviews with academic and industrial experts,
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a questionnaire was designed for evaluating the
performance of PTW system. Its reliability and
validity were investigated using Lawshe method
and Cronbach’s alpha test, respectively. This
questionnaire included 50 questions.

The evaluators of PTW were asked to determine
the degree of compliance of each question with
the instructions and procedures for issuing PTW
using a five-point Likert scale. The second stage
of the study was related to the software design
and development. The software development was
performed based on the SDLC model, which is a
structural approach.The different stages for the
implementation of this model are shown in Figure
1. The academic and industrial experts were asked
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to comment on the expected capabilities of the
software using a questionnaire. At the next stage,
the initial design of the software was carried out
using method of subjective ideation, technique of
brainstorming ideas and opinions of researcher’s
team and experts on how to implement and operate
the software. In order to integrate thoughts and
ideas, the initial version of the software was coded
using C # programming language in the Microsoft
Visual Studio. SQL server software was also used to
create the database.

At the next stage, in order to evaluate usability
and identify problems related to the design and user
interface of the initial version of the software, three
university professors and seven industrial experts
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Fig. 1. Phases and Model of Software Development Life Cycle
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Table 1. Results of evaluating the software applicability for investigating performance of work permit system based on Questionnaire
of User Interaction Satisfaction (QUIS)

‘ What is your general opinion about the function of the software? Mean SD ‘
Software function General function of the software 8 0.48
The difficulty of working with software 7.5 1.05
How you feel when using the software 7 0.85
General software design 8 0.98
Continuous work with software 7 0.98
Software adjustment capabilities 8 1.28
Average total score obtained from the software function 7.58
display The readability of the letters on the screen 6.5 1.03
Easy performance of tasks using specific phrases 8 0.60
Organizing information 7.5 0.93
Sequence of screens 7.5 1.05
Average total score obtained from the display 7.37
Terms and Using terms in the software 8 1.06
information of = A set of corrections related to working with software 8.5 0.47
software Place messages on the screen 8 8.33
Message to record essential data 7 1.66
Software message regarding the completion of tasks 8 1.58
Software error message 7 1.37
Average score obtained from software terms and information 7.75
learning capabilities Learn to work with software 8 1.49
Discover software features by trial and error 8.2 0.81
Preserving names and using capabilities 7.28 1.26
Performing tasks quickly and easily 84 1.14
Help messages in the software 8.2 1.16
Guide to using the software 8.6 0.46
Average score obtained from the learning capabilities 8.11
General capabilities of =~ Software speed 8.2 1.11
the software Software availability 7.5 1.60
Number of software capabilities 8.1 1.08
Correction of user errors 7.8 1.64
Design suitable for different users 7.1 2.27
Average score obtained from the general capabilities of the software 7.74

were selected by convenience sampling method
to use and evaluate the software experimentally.
Software was investigated using think aloud
method. This method was introduced by Lewis
and was one of the most widely used methods
for evaluating the performance of software. For
implementing the method, users were asked to
evaluate the performance of PTW system using the
software during 15 days and verbally express their
opinions on the software. The collected feedbacks
were useful for determining the users’ problems
and adjusting the software. In the next step,
users comments and feedbacks were applied for
designing the final version of the software. QUIS
was used to measure usability and user-friendliness
of the final version of the designed software.

3. RESULTS AND DISCUSSION
The designed software had an access level for

system administrator and an access level for user. The
administrator is able to define and specify the number
of software users. After registration and approval by
the administrator, the active users will be identified
by the software. The user will enter into the dedicated
page using a defined code and complete the electronic
version of PTW system performance evaluation
questionnaire based on the determined accesses
maintenance After one or several evaluations of
PTW system performance, the system administrator
can observe the results of the analysis related to the
organization, unit and evaluator. Based on the results
of QUIS, the overall score of the user satisfaction
from the designed software was equal to 7.71. The
scores of software performance were equal to 7.58
for display and user interface, 7.75 for software terms
and information, 8.11 for software learning, and 7.74
for general software capabilities, respectively. Table 1
shows the questions related to QUIS and the average
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score obtained for the designed software based on
users’ opinions.

So far, no software has been designed and
developed to evaluate performance of PTW
system. So, the designed software cannot be
compared with similar examples in terms of
design and performance. The experiences obtained
from this study showed that the recognition and
comprehension of the given workflow and model
for designing and exploiting software used in the
field of occupational health and safety, such as
software designed in this study, are very important.

4. CONCLUSIONS

The software introduced in this study provides
a systematic, accurate, and flexible analysis of
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performance of PTW system in the process
industries. This software with making a variety
of reports in predefined structures according to
the needs of users and as well as Persian language
support provides the easy, fast, and multi-
purpose usability, and facilitates the process of
the performance monitoring of PTW system.
The software using a powerful graphical interface
can be used as a suitable tool to evaluate the
performance of PTW system in process industries
such as oil and gas refineries, petrochemicals and
other similar industries.
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