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9 Proactive
10 Strategic
1 Visionary
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! Preoccupation with failure

2 reluctance to simplify interpretations
3 sensitivity to operations

4 Underspecification of structures

5 Commitment to resilience
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& Certainty

7 Uncertainty

8 Awakening

9 Enlightenment
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! Reliability Maturity Matrix
2 Uncertainty

8 Awakening

4 Enlightenment

® Wisdom
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10 Reliability capability maturity model

11 Sanjay Tiku, Michael Azarian and Michael Pecht
12 Solely Reactive

13 Repeatable

4 Defined

15 Managed
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2 Beginning

% Developing

4 Advancing

5 Approaching

6 High Reliability Health Care Maturity (HRHCM) model
7 Leadership

8 Safety Culture

9 Robust Process Improvement
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Abstract: Despite the importance of High Reliability Organizations (HROSs), it has not
been sufficiently addressed in our country. The design of scientific frameworks that
provide the possibility of a correct understanding of these organizations and the
measurement and evaluation of their various dimensions is decisive in the situational
awareness of organizations and the possibility of effective organizational decisions and
the presentation of improvement programs. With the aim of answering this need, this
research provides a comprehensive framework for evaluating the maturity of High
Reliability Organizations. In this research, a Meta-Synthesis method has been used,
during which, based on the seven-step method of Sandelowski and Barroso, related
sources and models have been examined and analyzed, and finally, a five-level model
with a comprehensive approach has been designed. At each level, the characteristics of
achieving the maturity level are presented. This model can be a basis for evaluating and
analyzing the maturity level of High Reliability Organizations, as well as designing
improvement and development programs for these organizations.

Keywords: Reliability; High Reliability organizations; Reliability maturity model;
Reliability assessment.

1- Aim and Introduction

The first step in examining the maturity of organizations in reliability will be to create
an objective and measurable framework for measuring organizational reliability. As a
common saying goes, "You can't manage what you can't measure”, or in other words,
"You can't improve what you can't measure."

A comprehensive understanding of High Reliability Organizations requires a proper
understanding of the characteristics of these organizations and determining how to
evaluate these organizations. One of the approaches or frameworks that can be effective
in determining the criteria and evaluation characteristics of High Reliability
Organizations is the use of maturity frameworks in this field. These frameworks are
both a tool for measuring and determining the level of evolution and progress of the
characteristics of High Reliability Organizations, and can be a basis for evaluating the
strengths and weaknesses and, as a result, planning development for High Reliability
Organizations. Maturity frameworks of High Reliability Organizations determine the
standards that make it possible to compare and improve organizations in the field of
developing high reliability.
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Some studies have been done on maturity models of High Reliability Organizations.
This issue has not been addressed in internal research, and due to its importance, the
need to address this issue is fully felt. Based on the investigations, five models were
identified in this field, which are:

1- Reliability Maturity Model, artika Agarwal, Tracy Ferrell

2-Reliability Maturity Matrix, Fred Schenkelberg

3- HRHCM Model

4- Reliability capability maturity model

5- Organizational Reliability Maturity Model- The 5S Model

2- Methodology

The method used in this research is the hybrid method. Meta-Synthesis is a type of
qualitative study that uses the findings of other qualitative researches in the field of a
subject as data; Therefore, the Meta-Synthesis study samples are qualitative studies that
the researcher includes in the study based on the research question of interest. In fact,
Meta-Synthesis refers to a group of approaches and methods that try to synthesize and
combine the findings of qualitative studies with the aim of providing a new
interpretation of the phenomenon. In turn, Meta-Synthesis can interpret, compare and
Convert different qualitative studies using a different conceptual device into a
comprehensive knowledge [11].

The main purpose of Meta-Synthesis is to produce knowledge. From this point of view,
three goals for Meta-Synthesis research can be proposed: 1- Theory construction, 2-
Theory description, and 3- Theory development. Based on this, the Meta-Synthesis
method should deal with the construction of more abstract theories, the more detailed
description of theories and the presentation of a more comprehensive picture of a field
of studies (theory development) [11]. Based on this, Sandlowski and Barroso's 7-step
method has been used to achieve research results. These steps are [12]:

1 -Determining the purpose and design of research questions;

2 -Systematic study of research literature;

3 -Searching and choosing suitable articles;

4 -extracting information from articles;

5 -Analyzing and combining findings from qualitative studies;

6 -Quality control;

7 -Presentation of findings.

3- Finding

Finally, the final model of maturity has been designed and presented in five levels, and
in each level of maturity, about 30 characteristics and features have been presented to
understand the level of maturity and the possibility of its evaluation.

After reviewing, organizing and analyzing the information, the desired maturity model

was determined in five levels, which is presented in the figure below:
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Maturity
Maturity Level 2
Level 1 of of HRO
HRO

Maturity

_ Maturity ~ Level5
Maturity Level 4 of HRO

Level 3 of HRO
of HRO

—
Figure 1- Five levels of the maturity model of high reliability organizations (HROSs)

In this section, we will discuss in the following, we will describe the findings of the
research, the components and specifications of the designed maturity model and
describe the characteristics of each level of maturity. These characteristics have been
obtained by using the Meta-Synthesis method and by examining the studied models,
and they have been combined, aggregated and integrated.

3-1-Characteristics and features of the first level of maturity

Based on the results of the research, the characteristics and Features of the first level of
maturity are as described in Table 1:

Table 1- Characteristics and features of the first level of maturity

Maturity Level

Characteristics and features of the first level of maturity

Maturity Level 1 of
high reliability
organizations

N =

o ks~w

= © 0~
o

12.

13

15.
16.
17.

. Root cause analysis is limited to side effects.
14.

Reliability is a secondary consideration.

The related parts react or respond only when the pressure is
intensified from the outside.

A product/project is in the prototype stage.

There is no expectation of reliability.

The cause of the reliability problems is unknown.

The focus is on compliance. Quality management focuses
almost exclusively on regulatory compliance.

Lead experts rarely lead quality improvement activities.
Quality has not been identified as a central strategic imperative.
Quality criteria are not clearly defined internally or publicly.
The only actions used are those required by external entities.
Information technology provides little support for quality
improvement.

Emphasis is wrong. Discipline is not fair.

There are limited efforts to evaluate system performance
against common failures and fix weaknesses.

There are no standards for safety culture.

There is no formal approach to quality management.

Limited training available. Only some informal on-the-job
training is provided to employees. Trainings are not organized
or sponsored.
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18. There is no commitment to widespread adoption of
improvement methods.

19. Existing reliability plans or requirements are provisional and
constantly changing.

20. Product design analysis is minimal and based mainly on
manufacturing issues.

21. Only some functional tests are performed to determine product
performance before shipping.

22. Parts are provided from any source depending on the need.

23. Failures are only recorded during performance testing.

24, The company is receiving some certificates.

25. Improvement is only done in processes and not in product
design.

26. Failure and near failure are not reported. Employees are
punished for accidents.

27. Cynics and people who challenge the norms are more likely to
be victimized and punished as disruptors.

28. Meetings are insufficient and of poor quality. The focus is not
on the team/organization long-term/short-term.

29. Feedback is considered as a process of negative reinforcement.
There is no feedback process.

30. There is no calculated emergency response.

3-2 -Characteristics and features of the second level of maturity

Based on the results of the research, the characteristics and Features of the second level
of maturity are as described in Table 2:

Table 2- Characteristics and features of the second level of maturity

Level Maturity

Characteristics and features of the second level of maturity

Maturity Level 2 of high
reliability organizations

. Responses to known reliability issues/risks are related to recent

. Reliability criteria are defined and work teams react to the criteria.
. A product/project is in pre-launch maintenance or stability phase.
. Can maintain reasonable availability and achieve higher

. There is uncertainty about reliability work and its necessity.
. The board only hears reports from the quality committee.
. Management accepts the need to plan for quality improvement,

. The main value creators of the organization support some quality

. Quality is one of the many competitive strategic priorities.
0. Quantitative measures of quality are reported. But few or

1. IT-based solutions support some quality improvement
2. Codes of conduct related to reliability have been adopted in

3. Fair disciplinary procedures have been recognized and

experience gained.

availability with responsible efforts.

but assigns the development and implementation of a plan to
subordinates.

improvement activities.

none are publicly reported.
activities.

some sectors.

adopted in some departments.
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4.

5.

6.

7.

8.

9.

0.

1.

2.

3.

4.

5.

6.

7.

8.

9.

0.

1.

2.

3.
4.

Reliability test reporting program has started but there are
early interventions.

Root cause analysis begins to identify common weaknesses
in system performance across departments.

Some measures of safety culture exist, but they are not
extensive and are not used to improve safety culture.

Investigating the use of new tools in improving reliability
processes has begun.

Training on the use of performance improvement tools is
seriously addressed outside of the quality department.

Pilot projects using new tools are carried out in several
areas.

There is a separate reliability department in the
organization.

Reliability requirements are based on customer inputs and
specifications for competitive products.

Reliability is constantly being tracked by new technologies,
modeling or analytical techniques.

Reliability prediction for products is done using reliability
prediction modeling.

Reliability testing is based on customer specifications and
products are screened before shipping.

Component engineers manage the selection and
management of parts.

Pareto charts are generated and updated regularly based on
established failures and failure modes.

External certifications such as 1SO are carried out for
organizational processes including reliability activities.

Corrective actions are implemented based on field failure
modes.

Failure and near failure are sometimes reported and
corrected. Root causes may not be identified.

People who challenge norms may not be punished, but they
may be viewed negatively.

Meetings are determined from time to time without specific
conditions.

People may perceive jobs outside of their competencies, but
rarely engage in them.

Employees generally do not care about feedback.

Training exists, but is only used to reward favored
employees.

3-3 -Characteristics and features of the third level of maturity

Based on the results of the research, the characteristics and Features of the third level
of maturity are as described in Table 3:
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Table 3- Characteristics and features of the third level of maturity

Maturity
Level

Characteristics and features of the third level of maturity

Maturity
Level 3 of
high
reliability
organizations

= =

10.
11.
12.

13.

14.

5.
6.

17.
18.

19.

20.

21.

22,

23.
24,

25.

26.

27.

28.

Potential reliability risks are identified and addressed.

Teams/organizations prioritize reliability in specific or local dimensions
based on risks.

Most services/products can be in this stage.
It can easily maintain high availability.

Identifying and solving problems is done through commitment and
reliability improvement.

The board develops and improves the quality program and hears reports on
adverse events.

Directs the management, development and implementation of the active
quality agenda.

Principal value creators often lead quality improvement activities.
Quality is one of the three or four strategic priorities of the organization.
Internal reporting usually starts with quality measures.

IT-based solutions support many quality initiatives.

Leaders create a trusting environment for employees to end trust-
destroying behaviors.

Managers prioritize creating a safety culture. Disciplinary procedures are
fair and transparent.

Employees begin to identify and report unsafe conditions before the
production and service delivery process is damaged.

System weaknesses are cataloged and prioritized for improvement.

Measures related to safety culture are adopted and used throughout the
organization.

A commitment to adopting all RPI tools has been made
Training of selected staff at RPI is ongoing and a program to expand
training is underway.

RPI is used to improve business processes, clinical quality and safety. A
positive return on investment is achieved.

Reliability objectives are expressed as a distribution rather than a single
point.

Reliability engineers are trained in statistical methods for reliability
prediction and data analysis.

The estimation of warranty cost and supply of spare parts is based on
reliability predictions.

All products are tested to identify design limitations and degradation limits.
Contracts are signed with suppliers based on quality and reliability
requirements.

Pareto charts are updated regularly based on failure mechanisms without
any further action.

The estimate of warranty cost and supply of spare parts is modified based
on the feedback information.

Engineering procedure change statements are issued and implemented to
improve reliability.

A failure/near failure reporting process exists and is generally
implemented.
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29. There are procedures for challenging reliability processes. It's okay to
challenge the norms.

30. Regular meetings are defined with certain conditions.

31. There is a formal training and competency/skills assessment for all staff
and the scheme is generally implemented

3-4- Characteristics and features of the fourth level of maturity

Based on the results of the research, the characteristics and Features of the fourth level
of maturity are as described in Table 4:

Table 4- Characteristics and features of the fourth level of maturity

Level Maturity Characteristics and features of the fourth level of maturity

1. The categories of risks are managed and considered in terms of
the type of design.

2. Reliability plays a central role in how the product is designed,
operated and developed.

3. With very high availability, the organization can accomplish
product development with minimal dedicated reliability work.

4. Failure prevention is a normal part of organizational
operations.

5. The goal of management is to reduce damages to zero for all
processes.

Reliability is a system activity.

7. Key value creators typically lead quality improvement efforts,
and the leadership of key value creators is accepted.
Quality is the most important strategic goal of the organization.

9. Key quality measures are typically displayed internally and
reported publicly.

10. Securely adopted IT solutions are integral to maintaining and
improving quality.

11. There is a high level of trust in all areas. There is self-control
in reliability behaviors.

12. All employees act on their personal responsibility to maintain
a culture of safety.

13. Close calls and unsafe conditions are routinely reported,
resulting in reduced product and service damage.

14. Systems are actively evaluated and vulnerabilities are regularly
remedied.

15. Safety culture actions are reported to management.
Improvement initiatives in the safety culture are quite dynamic.

16. Adoption of robust process improvement (RPI) tools has been
implemented.

17. Mandatory RPI training has been done for all employees
according to their job.

18. Continuous use of RPI tools is done for all improvement work.

19. Reliability objectives are also set for subassemblies and
components of a product.

Maturity Level 4 of high
reliability organizations
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20.

21.

22.

23.

24.

25.

26.

217.

28.

29.
30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

Reliability engineers are trained to identify failure modes and
product design mechanisms.

Potential failure modes and their specific failure points are
identified.

Detailed reliability test plans are designed, including sample
sizes and for expected failure mechanisms.

A large number of entries are rejected based on the supplier's
build quality data.

Technology maturity is considered when selecting
components.

Approved parts and supplier lists are created and maintained
based on qualification and audit reports.

Parts are procured only from authorized distributors and not
from dealers.

All manufacturing defects, production test failures and field
failures are tracked and recorded in a database.

Failure analysis reports detailing the underlying failure
mechanisms are generated for all products.

Statistical failure distributions are used for reliability.
Forecasts are refined based on field failure data.

Reliability predictions for products are updated based on the
field failure distribution.

Internal audits are conducted for reliability planning, analysis
and testing activities.

New modeling and analysis techniques are used and
implemented to improve product reliability.

Changes in the operating environment of the product life cycle
cause changes in product design.

Failure/near failure is reported. Root causes are identified and
people are not blamed.

The views of critics and outside the box thinkers are respected
and often implemented by management.

Regular meetings are set with the conditions and individual
roles/responsibilities are determined.

Leaders and staff work together to identify and understand
training and development gaps.

In any emergency, the most senior person delegates
responsibility to the person with the most expertise.

3-5-Characteristics and features of the fifth level of maturity

Based on the results of the research, the characteristics and Features of the fifth level of
maturity are as described in Table 5:

Table 5- Characteristics and features of the fifth level of maturity

Level Maturity

Characteristics and features of the fifth level of maturity

Maturity Level 5 of high
reliability organizations

1.

N

The reason for the lack of reliability problems is clear with
certainty.

The reliability plan includes details of reliability analysis and
testing for specific products.
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10.
11.

12.

13.

14.

15.

16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.
217.

Reliability plans include a process for systematically
communicating the results of reliability activities.

Formally trained reliability engineers are part of the reliability
unit.

Possible failure modes, mechanisms and scenarios and critical
points are identified for all products.

Reliability test data for products are analyzed to determine the
statistical distribution of failures.

Reliability predictions are made for products.

Product change notices are evaluated for manufacturability
and product reliability.

Component tracking marks are monitored to identify any
changes.

Reliability test failures are tracked and recorded in a database.

The traceability of a defective part is guaranteed from the time
of manufacture to failure.

Reliability test conditions for current and future products are
modified based on field failure mechanisms.

New technologies are evaluated and implemented to improve
product reliability.

Failures/near-failures  are identified, classified and
documented. Their root causes are identified.

Lessons learned are periodically reviewed and used to improve
the system.

People who report failures/near failures are actively rewarded.
Worst case scenarios are considered in reliability planning.

Management actively creates forums for people to
innovatively challenge norms.

Regular meetings are held with conditions and assigned
individual roles/responsibilities.

Employees actively seek feedback and perceive 360-degree
feedback as a constructive exercise.

People are generally more than skilled enough for their job and
to take emergency action.

Emergency response plans are robust and implementation is a
shared responsibility among all employees.

There is mutual respect for each other's jobs and no job is
considered more important than the other.

The organization should make wider efforts to develop,
promote and spread reliability inside and outside the
organization.

The organization has self-healing systems.
Reliability is built into automated development frameworks.

Invest in service and development frameworks that support the
organization's reliability goals.

4- Discussion and Conclusion

This research aims to provide a comprehensive model to determine the maturity level
of High Reliability Organizations. In this research, all available models in this field have
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been used. Examining the existing models shows that each of these models has a special
classification, indexing and design approach. In other words, each of these models
presents an aspect of this framework and a specific formulation of it. Therefore, using
a hybrid approach with the aim of designing a comprehensive model can provide a
reference model in this field so that each organization can refer to it according to its
requirements and needs. The presented comprehensive model, which is the product of
the combination of five related existing models based on the hybrid method, shows the
maturity of High Reliability Organizations in five levels. For each of the levels,
characteristics and features are provided based on research findings and results.
Research findings, model components and characteristics have been reviewed and
improved several times, and the final results have been validated by referring to experts
in this field. This model can be a basis for evaluating and recognizing the maturity level
of High Reliability Organizations, as well as a framework for determining planning for
improvement and development in these organizations.
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