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Abstract: In organizations that manufacture products or provide services as well as in academic
practice, the visualization of management systems’ standards is presented primarily in the form
of static diagrams or tables. Demands for the quality of products and services are reflected in the
complexity and interconnectedness of standards, which could cause complications during the imple-
mentation phase. This article presents a visualization of the standard IATF 16949 Automotive Quality
Management System Standard, Quality management system requirements for automotive production and
relevant service parts organizations, which incorporates in its content ISO 9001 Quality Management
Systems—Requirements using a dynamic cluster model built using software TouchGraph Navigator.
The visualization process began with a detailed examination of the two-stage requirements, docu-
mented information, and notes detailed in IATF 16949 and continued with the creation of a central
node to which new nodes were subsequently connected, containing the introductory parts of the
standard, including clauses. The activation of clauses and sub-clauses for other parts of the document
followed. The dynamic behavior of the resulting cluster can be used in the implementation, execu-
tion, maintenance, or certification process to encourage organizations to improve their operational

processes by incorporating more rigorous quality considerations into their operational frameworks.

Keywords: visualization; cluster; IATF 16949; ISO 9001; automotive industry; management system;
standard; management system standards

1. Introduction

The reason why it is worth visualizing standards is derived from the needs of all
stakeholders. Stakeholders relevant to the management system are those who are in any
way influenced by the system or constitute a part of its operation, e.g., shareholders, cred-
itors, stock investors, suppliers, employees, customers, or local communities. Typically,
they all have different interests in the company. The importance of understanding their
expectations and requirements is best known to those who deal with the implementation
of management systems and their associated standards within the company. The imple-
mentors are responsible for and required to have a detailed understanding of what the
standard deals with, its scope, structure or the number of levels of a structure, or how the
standard intends to help establish, maintain, and improve management systems.

Standards can be, by default, quite complicated to work with correctly. One can use
graphics to make them more understandable, but that is not sufficient. Graphics on their
own are also insufficient, they are part of a whole. They complement the text and are
complemented by the text [1]. Hence, there is a search for a synergy between text and
graphics, where one can retrieve the text related to the graphic information instantaneously
and move fluently within the standard. Visualization provides such a solution and at the
same time communicates the purpose behind the process.

Technical and management standards are not frequently visualized in industrial
practice. The standard use could be found in terms of pure data/value visualization, but
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not as data/text visualization. The transition from a paper-based approach to visualization
is not simple. Becoming visual requires many skills. One needs to know how to process and
mine data to identify findings, generate presentation quality graphics, and communicate
outcomes to the target audience [2]. In this case the targeted audience are people directly
working with management systems.

It is crucial for managers, as internal stakeholders, to have the ability to navigate
as quickly and as clearly as possible within the standard, and its individual clauses. It
is not appropriate for them either to fumble and thus sabotage the implementation of a
management system during the implementation stage, or, during the maintenance stage, if
the system is in place and needs regular care to work correctly.

Visualization is a kind of storyline that gives a clear answer to a question without
necessary details. By focusing on the original intent of the question, you can eliminate such
details because the question provides a benchmark for what is and is not necessary [3].

Many people who are involved in the various stages of the lifecycle of the management
system adhere strictly to the Plan-Do-Check-Act (PDCA) cycle or, more effectively, to the
Plan-Do-Study-Act (PDSA). PDSA was originally designed by Deming [4], and supporters
of this type of cycle are more aware of the complexity and scope of the management system
if they do not look at it “classically.” Classically, or conventionally, means that they have the
document (standard) in question in their hands or on the monitors and in order to locate
the information they need to look for it manually. “Non-classical” means that they have a
visualized dynamic cluster available that is alive, and one click brings immediate results.
In such an unconventional representation, the proverb that “It is better to see once than to
hear three times” is valid.

1.1. Visualization Management

The Moravian pedagogue Jan Amos Komensky, who also supported visualization
as a didactic means of acquiring knowledge, has clearly stated that, “There is nothing in
reason that was not in the senses before” [5]. Thus, visualization will help to ensure that
the standard makes its way effectively through the eyes to the mind of the stakeholder.

People, or stakeholders, are constantly looking for a way to identify new information.
They try to find them as quickly as possible. The reason we want to be better informed is
so that we can make better decisions. Research shows that visualized information is faster
and easier to understand and is much more likely to be remembered by people [6].

It is not easy to define what visualization means and how to “grasp” this concept
intellectually. Some authors are considering information visualization because visualization
can also be multimodal, that is, composed of both textual and visual elements such as lines,
shapes, icons, or background images. These elements are then used to organize information
visually [7].

Other authors understand visualization as a process of graphically representing data
or information. Here, the visualization itself provides encoded relationships, patterns,
similarities, and differences through shape, color, position, and size. These visual represen-
tations of the data can make findings and ideas stand out. Data visualization is a basic skill
in our modern, data-driven world. Almost every aspect of our daily routine generates data:
the steps we take; the movies we watch; the products we buy; and the conversations we
lead. Much of this data from our digital “exhaust” is stored, waiting for someone to make
sense of it [8].

The abbreviation “infovis” stands for information visualization, but it is not easy to
define the MSS visualization in such a way that it is applicable to all projects and can
be distinguished from other related areas such as scientific visualization or information
design. The preliminary definition includes a mapping between discrete data and the
representation visual [2].
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1.2. Management Systems Standards Suitable for Clustering

Management system visualization means the ability to create a dynamic cluster for
any MSS, which can then be merged with other clusters into one multi-cluster through
interconnections and thus integrate management systems. One such larger cluster already
available is a visualized integrated model for up to three standards: ISO 9001 QMS (Quality),
ISO 14001 EMS (Environment), and ISO 20121 SEMS (Sustainability Events) [9] or a single
small cluster dedicated to only one standard, ISO 46001 WEMS (Water Efficiency) [10].

Currently, 98 management systems are defined in standards by the International Au-
tomotive Task Force and International Organization for Standardization as well as alternative
standards in the International Workshop Agreement (IWA). The International Workshop
Agreement is one of several working alternatives to ISO international standards where the
rapid development and publication of a document is a priority. Compared to the usual ISO
process of developing international standards through a technical commission structure,
IWA documents are developed in open workshops and organized by the National Stan-
dards Institute. The documents are approved by consensus between the participants in
these workshops [11].

The list of standards is constantly being expanded to include new management systems
that have a harmonized structure (HS). The standards, which are registered under the list
of management standards as HS, have the same structure and contain many of the same
terms and definitions as the “Consolidated ISO Supplement”. This harmonized label is
particularly useful for those organizations that choose to operate a single management
system that can meet the requirements of two or more management system standards
simultaneously [12,13].

The standards revised since 2015 have a high level of structuring (HLS), which means
that the standards arranged in this way provide the same structure, text, and common
terms and definitions for all future MSS ISOs. In this way, all ISO management systems’
standards can be harmonized to facilitate the full integration of multiple standards into a
single management system for operation in a single organization [14].

2. Materials and Methods

The key goal of this work was to create a cluster for a specific single standard called
IATF 16949, which belongs to an organization with international operations, whose abbre-
viation and designation of the standard are identical [15].

2.1. Automotive Quality Standards

IATF is a global technical specification and quality management standard for the auto-
motive industry. Based on the standard ISO 9001:2015, it was published in October 2016
and replaces standard ISO/TS 16949. It is designed to be used in conjunction with standard
ISO 9001:2015 and includes supplementary requirements specific for the automotive in-
dustry rather than being a standalone QMS. IATF combines standards from across Europe
and the U.S. IATF 16949:2016 outlines everything you need to know about achieving best
practice when designing, developing, manufacturing, installing, or servicing automotive
products [16].

IATF organization is developed for that purpose by a group of automobile manufac-
turers and their related national associations of the automotive industry with the aim of
providing the customers in the automotive industry with high quality products.

Following is a list of specific purposes for which the IATF was established:

e To develop a consensus regarding international fundamental quality system require-
ments, primarily for the participating companies” direct suppliers of production mate-
rials, products, or service parts or finishing services (e.g., heat treating, painting, and
plating). These requirements will also be available for other interested parties in the
automotive industry;

e To develop policies and procedures for the common IATF third party registration
scheme to ensure consistency worldwide;
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e To provide appropriate training to support IATF 16949 requirements and the IATF
registration scheme;

e  To establish formal liaisons with appropriate organizations to support the goals of
IATF [17].

The history of IATF 16949 is somewhat complicated, as it was developed by
two organizations simultaneously, although with the same goal. That was to create a
standard that would ensure quality in the automotive industry specifically. It embodies
ISO 9001, which is a generic standard for the assessment of quality management sys-
tems. It is not a product standard. ISO/TS 16949 does not contain requirements with
which a product or a service can comply. There are no product acceptance criteria in
ISO/TS 16949, so you cannot inspect a product against the standard [18]. Thus, while the
original ISO/TS 16949 addresses only the organization’s requirements, IATF 16949 also
includes specifications and customer requirements in the audit to determine whether the
service organization or product organization meets them [19].

We can find the answer to the question why two manuals are there, IATF 16949:2016
and ISO 9001:2015, to address the same issue, in the IATF document 16949:2016 FAQ,
revised and reissued in April 2021. The IATF and ISO were simply not able to reach a
licensing agreement to publish IATF 16949 in an integrated document. In order to not
further delay the launch of the new IATF 16949 standard, the IATF decided to publish it in
a two-manual format. Prior to release, the IATF confirmed with international accreditation
organizations that other industry sectors use a two manual format model to define their
sector specific requirements, and auditing with the two manual model, while not optimal,
is effective. The IATF maintains strong cooperation with ISO by continuing the liaison
committee status, ensuring continued alignment with ISO 9001 [20].

IATF 16949 could therefore be characterized as two standards in one. We could also
label it as a superstructure because ISO 9001 QMS forms the basis—the so-called “golden
core” of the management system in IATF 16949. Compared to the two management systems,
we can say that the IATF is a much more rigorous standard than ISO 9001, which is generally
more widely applicable to all organizations that offer services or manufacture products.
In addition, the QMS standard includes another ISO 9000 standard, which deals with
management system terminology [21,22].

A topic that is often discussed is the connection between IATF 16949 and ISO 9001.
According to a study conducted by Laserukin-Iturbea at al. the findings show that
IATF 16949 adds value to a more flexible ISO 9001 in five main areas: market, customer
service in the supply chain, operational performance, staff, and technology [23]. Overall,
IATF 16949 is seen as a ‘license to operate” for automotive sector suppliers, for whom
ISO 9001 seems to have lost its signaling value. The rigor of IATF 16949 is also evident
from the number of revisions in a given time interval. The revisions concern in particular
the binding interpretations of the individual articles of the standard, because the binding
interpretations change the interpretation of the rules or requirements, and the latter itself
becomes a disagreement (non-compliance). The first edition of IATF 16949 was published
in English in October 2016 and entered into force on 1 January 2017. The first revision has
been in force since October 2017 and there is currently a fifth edition containing 22 revisions
valid from November 2021 [24]. On the other hand, the ISO 9001:2015 standard shows
greater resistance because it was last revised and validated in May 2021, while the original
version of the standard remains current.

As part of continuing support, the IATF organization published the fifth edition in
February 2021 of FAQs for certification organizations and interested parties, in order to
improve the understanding of existed requirements [20].

Based on the above, we are of the opinion that it is significantly necessary to facil-
itate the orientation of interested parties in the discussed standard IATF 16949 and the
subsequent understanding of its requirements. Another support tool (outside the IATF
organization) appears to be the creation of a visualized concept of a quality management
system standard in the automotive industry using a software application that allows, in ad-
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dition to the desktop use, also a presentation on a web platform. This concept should help
managers working in organizations producing series production and production of relevant
components in the automotive industry to fully meet the requirements of stakeholders
and facilitate first-, second- and third-party audits at a higher level. The amount of work
involved in developing the concept is significant only at the beginning, the incorporation
of Sanctioned Interpretations (IATF 16949) can be completed on an ongoing basis as revisions
are issued.

As already mentioned, the other materials used for the concept development are the
ISO 9001 and ISO 9000 standards. They represent an integral part and without them it is not
possible to develop the given cluster correctly. The Supplementary Materials were already
discussed in detail in the following article: “Innovative Approaches to Model Visualization
for Integrated Management Systems” [9].

2.2. Methodology of Visualization

To create a cluster using visualization, it is necessary to emphasize that visualization is
notjust an image that at first glance presents its content, but it is a smart project that captures
the essence, has a descriptive value, and is dynamic. Visualization is used to present
project models for spatial networks, hierarchical structures, relationships, interactions, and
communities. The process of visualizing the cluster follows the following procedure:

e  Selection of a data set, which can also be completed by importing data from an external
database, their correct filtering and data transformation, which is performed if we do
not have the data in the required form and it is necessary to transform it;

e  Defining individual nodes or cells of the cluster and graphical differentiation according
to selected criteria, whether using the size, shape, color, or other attribute of the node;

e  Defining individual edges between the nodes and, again, graphical differentiation in
terms of thickness, format, color, etc.;

Control of the interaction correctness;
Research and further study of the cluster.

However, there are many formats available for storing data, and a large number of
generic or specialized software applications for cluster networking and analysis. Many
software packages are available in paid format, as a volume license for academic processes,
Or as open-source programs.

To develop a visualized concept of the Automotive Quality Standards, TouchGraph
Navigator software was used. It enables the generation of interactive network visualizations
of existing data that could be retrieved from the Excel (.xls) database.

In a given computer application, it is possible to analyze and variously visualize
individual connections in a cluster, export visualizations to .pdf, png and .jpg formats and
export the data to Table Data (Excel MS), Graph, or Merged Graph (Vna) formats [25]. This
software is also used in the author’s workplace, where several large-scale projects related
to legislation and MSS have already been built based on it.

To create a data set for MSS visualization of the IATF 16949 standard in the TouchGraph
Navigator application, the data file must be compiled correctly. For convenience, only one
sheet of the Excel file was used for the cluster, in which detailed data contained in IATF
16949 were edited and specially arranged. These data include the structure of the standard
with its clauses, individual management system requirements, documented information,
and notes for further explanation of the MSS. A total of 276 rows and a range of A-AC
columns were used. Because IATF 16949 is a paid document and is not publicly available,
the AC column is edited as an example only, for illustration. This file serves as a database
for our network visualization of the MSS cluster.

3. Results

Based on a detailed examination of the common and specific requirements, docu-
mented information and notes for IATF 16949, Table 1 has been derived. The table shows
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the assignment of clauses to the PDCA cycle phases for ISO 9001. The other clauses
contained in the IATF 16949 extension standard are shown in bold.

Table 1. Phases of PDCA Cycle management system according to IATF 16949 (Source: author).

Phase of PDCA Cycle ISO 9001 (Base) and IATF 16949 (Extension/Supplemental)

0 Introduction
0.1 General
0.2 Quality management principles
0.3 Process approach
0.3.1 General
0.3.2 Plan-Do-Check-Act cycle
0.3.3 Risk-based thinking
0.4 Relationship with other MSSs !

1 Scope
1.1 Scope—automotive supplemental to ISO 9001:2015

2 Normative references
2.1 Normative and informative references

3 Terms and definitions
3.1 Terms and definitions for the automotive industry

4 Context of the organization
4.1 Understanding the organization and its context
I. phase: PLAN 4.2 Understanding the needs and expectations of interested parties
L. phase: PLAN 4.3 Determining the scope of the QMS 2
4.3.1 Determining the scope of the QMS—supplemental
4.3.2 Customer-specific requirements
4.4 Quality management system and its processes

441
I. phase: PLAN 4.4.1.1 Conformance of product and processes
L. phase: PLAN 4.4.1. 2 Product safety
442
5 Leadership

5.1 Leadership and commitment
5.1.1 General
5.1.1.1 Corporate responsibility
5.1.1.2 Process effectiveness and efficiency
5.1.1.3 Process owners
5.1.2 Customer focus

L. phase: PLAN 5.2 Policy
I. phase: PLAN 5.2.1 Establishing the quality policy
I. phase: PLAN 5.2.2 Communicating the quality policy
L. phase: PLAN 5.3 Organizational roles, responsibilities, and authorities
I. phase: PLAN 5.3.1 Organizational roles, responsibilities, and authorities—supplemental
I. phase: PLAN 5.3.2 Responsibility and authority for product requirements and corrective actions
6 Planning
6.1 Actions to address risks and opportunities
6.1.1
6.1.2

6.1.2.1 Risk analysis
6.1.2.2 Preventive action
All clauses No. 6—I. phase: PLAN 6.1.2.3 Contingency plans
6.2 Quality objectives and planning to achieve them
6.2.1
6.2.2
6.2.2
6.2.2.1 Quality objectives and planning to achieve them—supplemental
6.3 Planning of changes
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Table 1. Cont.

Phase of PDCA Cycle

ISO 9001 (Base) and IATF 16949 (Extension/Supplemental)

All clauses No. 7—II. phase: DO

7 Support
7.1 Resources
7.1.1 General
7.1.2 People
7.1.3 Infrastructure
7.1.3.1 Plan, facility, and equipment planning
7.1.4 Environment for the operation of processes
7.1.4.1 Environment for the operation of processes—supplemental
7.1.5 Monitoring and measuring resources
7.1.5.1 General
7.1.5.1.1 Measurement system analysis
7.1.5.2 Measurement traceability
7.1.5.2.1 Calibration/verification records
7.1.5.3 Laboratory requirements
7.1.5.3.1 Internal laboratory
7.1.5.3.2 External laboratory
7.1.6 Organizational knowledge
7.2 Competence
7.2.1 Competence—supplemental
7.2.2 Competence—on-the-job
7.2.3 Internal auditor competency
7.2.4 Second-party auditor competency
7.3 Awareness
7.3.1 Awareness—supplemental
7.3.2 Employee motivation and empowerment
7.4 Communication
7.5 Documented information
7.5.1 General
7.5.1.1 Quality management system documentation
7.5.2 Creating and updating
7.5.3 Control of documented information
7531
7532
7.5.3.2.1 Record retention
7.5.3.2.2 Engineering specifications

All clauses No. 8—II. phase: DO

8 Operation
8.1 Operational planning and control
8.1.1 Operational planning and control—supplement
8.1.2 Confidentiality
8.2 Requirements for products and services
8.2.1 Customer communication
8.2.1.1 Customer communication—supplemental
8.2.2 Determining the requirements for products and services
8.2.2.1 Determining the requirements for products and services—supplemental
8.2.3 Review of the requirements for products and services
8.2.3.1
8.2.3.1.1 Review of the requirements for products and services—supplemental
8.2.3.1.2 Customer-designated special characteristics
8.2.3.1.3 Organization manufacturing feasibility
8.2.3 Review of the requirements for products and services
8.2.4 Changes to requirements for products and services
8.3 Design and development of products and services
8.3.1 General
8.3.1.1 Design and development of products and services—supplemental
8.3.2 Design and development planning
8.3.2.1 Design and development planning—supplemental
8.3.2.2 Product design skills
8.3.2.3 Development of products with embedded software
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Table 1. Cont.

Phase of PDCA Cycle ISO 9001 (Base) and IATF 16949 (Extension/Supplemental)

8.3.3 Design and development inputs
8.3.3.1 Product design and development inputs
8.3.3.2 Manufacturing process design input
8.3.3.3 Special characteristics
8.3.4 Design and development controls
8.3.4.1 Monitoring
8.3.4.2 Design and development of validation
8.3.4.3 Prototype program
8.3.4.4 Product approval process
8.3.5 Design and development outputs
8.3.5.1 Design and development outputs—supplemental
8.3.5.2 Manufacturing process design output
8.3.6 Design and development changes
8.3.6.1 Design and development changes—supplemental
8.4 Control of externally provided processes, products and services
8.4.1 General
8.4.1.1 General—supplemental
8.4.1.2 Supplier selection process
8.4.1.3 Customer-directed sources (also known as “Directed-Buy”)
8.4.2 Type and extent of control
8.4.2.1 Type and extent of control—supplemental
8.4.2.2 Statutory and regulatory requirements
8.4.2.3 Supplier quality MS development
8.4.2.3.1 Automotive product-related SW or automotive products with embedded SW
8.4.2.4 Supplier monitoring
8.4.2.4.1 Second-party audits
8.4.2.5 Supplier development
8.4.3 Information for external providers
8.4.3.1 Information for external providers—supplemental
8.5 Production and service provision
8.5.1 Control of production and service provision
8.5.1.1 Control plan
8.5.1.2 Standardized work—operator instructions and visual standards
8.5.1.3 Verification of job set-ups
8.5.1.4 Verification after shutdown
8.5.1.5 Total productive maintenance
8.5.1.6 Management of production tooling and manufacturing, test, inspection tooling
and equipment
8.5.1.7 Production scheduling
8.5.2 Identification and traceability
8.5.2.1 Identification and traceability—supplemental
8.5.3 Property belonging to customers or external providers
8.5.4 Preservation
8.5.4.1 Preservation—supplemental
8.5.5 Post-delivery activities
8.5.5.1 Feedback of information from service
8.5.5.2 Service agreement with customer
8.5.6 Control of changes
8.5.6.1 Control of changes—supplemental
8.5.6.1.1 Temporary change of process controls
8.6 Release of products and services
8.6.1 Release of products and services—supplemental
8.6.2 Layout inspection and functional testing
8.6.3 Appearance items
8.6.4 Verification and acceptance of conformity of externally provided products and
services
8.6.5 Statutory and regulatory conformity
8.6.6 Acceptance criteria
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Table 1. Cont.

Phase of PDCA Cycle

ISO 9001 (Base) and IATF 16949 (Extension/Supplemental)

8.7 Control of nonconforming
8.7.1
8.7.1.1 Customer authorization for concession
8.7.1.2 Control of nonconforming product—customer-specified process
8.7.1.3 Control of suspect product
8.7.1.4 Control of reworked product
8.7.1.5 Control of repaired product
8.7.1.6 Customer notification
8.7.1.7 Nonconforming product disposition
8.7.2

All clauses No. 9—III. phase
CHECK

9 Performance evaluation
9.1 Monitoring, measurement, analysis and evaluation
9.1.1 General
9.1.1.1 Monitoring and measurement of manufacturing processes
9.1.1.2 Identification of statistical tools
9.1.1.3 Application of statistical concepts
9.1.2 Customer satisfaction
9.1.2.1 Customer satisfaction—supplemental
9.1.3 Analysis and evaluation
9.1.3.1 Prioritization
9.2 Internal audit
9.2.1
922
9.2.2.1 Internal audit program
9.2.2.2 QMS audit
9.2.2.3 Manufacturing process audit
9.2.2.4 Product audit
9.3 Management review
9.3.1 General
9.3.1.1 Management review—supplemental
9.3.2 Management review inputs
9.3.2.1 Management review inputs—supplemental
9.3.3 Management review outputs
9.3.3.1 Management review outputs—supplemental

All clauses No. 10—IV. phase ACT

10 Improvement
10.1 General
10.2 Nonconformity and corrective action
10.2.1
10.2.2
10.2.3 Problem solving
10.2.4 Error-proofing
10.2.5 Warranty MS
10.2.6 Customer complaints and field failure test analysis
10.3 Continual improvement
10.3.1 Continual improvement—supplemental

Annex A: Control Plan
A.1 Phases of the control plan
(a) Prototype
(b) Pre-launch
(c) Production
A.2 Elements of the control plan
General data
Product control
Process control
Methods
Reaction plan
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Table 1. Cont.

Phase of PDCA Cycle

ISO 9001 (Base) and IATF 16949 (Extension/Supplemental)

Annex B: Bibliography—supplemental automotive
Internal audit
Nonconformity and corrective action
Measurement system analysis
Product approval
Product design
Product control
QMS administration
Risk analysis
SW process assessment
Statistical tools
Supplier quality management
Health and Safety

1 MSSs—Management Systems Standards. 2 QMS—Quality Management Systems.

3.1. Development of the Visualized Cluster of IATF 16949 Standard

The visualized cluster is seemingly complicated, but its dynamic behavior facilitates
the user with a simple orientation. The cluster is based on the so-called degrees of separa-
tion. The number of degrees depends on the complexity of the document being processed;
the IATF 16949 cluster we created has a total of seven degrees of separation. Each subse-
quent level of separation increases the information available to the user.

The following steps describe the process of cluster formation and the basic characteris-
tics of each step.

The first step involves creation of a central node, from which other nodes connected
by connectors are networked (node switching). The central node is called “IATF Standard
16949:2016 AQMS” and is marked as a blue rounded rectangle with a colored circle that
expresses a “halo” effect, see Figure 1. The number of degrees of separation in the first step
is 0.

The second step involves the creation of 13 new nodes, which contain the “Introduc-
tion” section and a dozen of main Clauses plus two Annexes, according to Table 1. The
nodes correspond exactly to the structure of IATF 16949. The nodes forming the Clauses
and Annexes are activated with the first degree of separation. They are shown as blue
rounded rectangles networked with a central node. Networking is oriented outwards from
the main node to 13 new points. Individual nodes are linked with the core node by using
edges, or so-called connectors. They vary based on the depth of the structure separation
and the type of the node.

The third visualization step activates 36 sub-clauses, according to Table 1, and net-
works them with the main 10 clauses. For these nodes, blue rounded rectangles are also
used as a mean for display. The Annexes also have their two Sub-annexes marked as “A1”.
“Phases of the control plan” and “A2. Elements of the control plan”. Networking of PDCA
clauses and sub-clauses also occurs in this step. Again, we use Table 1. The nodes for
“Plan”, “Do”, “Control”, and “Act” are displayed as orange rounded rectangles with a
round halo effect and a label expressing the rainbow cycle. Undirected connectors are visu-
alized by a thick orange line. A very important node called “Alignment with ISO 9001:2015”
with its connectors was also visualized. This is shown as a distinct green (reflective green)
rounded rectangle. This node and its connectors are connected to all nodes (clauses,
sub-clauses, etc.) that contain parts of the basic standard ISO 9001:2015. The last node
marked as “ISO 9001:2015 QMS—Fundamentals and Vocabulary”, linked to Clauses 2 and 3,
expresses the shared references, terms, and definitions for IATF 16949 of ISO 9001:2015. It
is shown as a gray rounded rectangle with a small eye tag, see Figure 2, with a separation
degree equal to two.
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Figure 1. The core node “Standard IATF 16949:2016 AQMS” with its main clauses (Source: author).
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{4.3)
Requirements = 6
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The fourth step is a separation level equal to three, see Figure 3. It visualizes the
sub-sub-clauses, in this case from the sub-sub-clause “0.3.1 General” to the sub-sub-clause
“10.3.1 Continual improvement—supplemental” as blue rounded rectangles. These nodes
are extremely important because they are related to the mandatory management system
requirements according to the standard. The requirements of subclauses are shown in a
distinctive red color with a circular halo effect in the background. To emphasize them, each
requirement is assigned a label in the form of an icon. In our case, the anchor was chosen.
Each node also has a number of requirements. Each requirement node is networked with
the relevant clauses or subclauses that contain the requirement in the text of the standard.
The connectors are solid, oriented lines in red color and connect individual nodes.
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Figure 3. The cut-out of IATF 16949 cluster as viewed in the software with its affiliated requirements,
documented information, and notes; (Source: author).

In the fourth step, the nodes for binding Documented information are also activated,
because in addition to meeting the requirement, evidence must also be provided to the
interested parties that the requirement was, in fact, met. Nodes for binding requirements
are displayed as white rounded rectangles with a tag that represents the edited page of the
document. In a similar way to requirements, the extent of binding documented information
is provided. The connectors are expressed in a dark blue and unoriented, dashed line.

The nodes for Notes, which are listed for each clause or subclause, are also presented.
They are displayed as gray text with a pencil mark tag. These nodes serve more as a closer
look at the request. They are not binding, they are explanatory. Connectors are expressed
by a gray and undirected solid line.

As the degrees of separation are progressing, more requests, documented information,
and notes are added along with other sub-sub-clauses. Sub-sub-sub-clauses are already
distinguished by the turquoise color of the node. When specifying the number of requests
and documented information, the numerical interval is sometimes given, e.g., from—to.
This is especially the case if the customer has additional requirements of the organization
and requires documentation to prove the facts.
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Together, the IATF 16949 cluster has seven degrees of separation, with more elements
of this vast structure being displayed in turn. The complex model is shown in Figure 4.
Due to the complexity of the figure, the same picture, but in its highest possible definition,
was added to the section Supplementary Materials under the title: “Complex cluster for
individual MSS according to IATF 16949”.

Figure 4. Full view of a complex cluster for individual MSS according to IATF 16949 —three with their
affiliated clauses, subclauses, requirements, documented information, and notes; (Source: author).
Note: Figure 4 is also available in the section Supplementary Materials in higher resolution.

It might seem that the model is becoming very confusing. In static display, this
statement is true, but for dynamic display, it is possible to zoom the cluster, and create
longer or even shorter connectors. Simply put, the user can jump directly to the part he
needs to explore. It is also possible to activate a specific node or hide unnecessary nodes.
The unique option is to “shake” the whole structure or just parts of it.

3.2. Management Review and Audits Support

In assessing the extent of cluster structuring, this visualization is the most extensive
for one management system according to the standard because, as mentioned above, it
connects two management systems into one. This system connection can be referred to as
“internal integration”. Managers must study two documents: ISO 9001 and IATF 16949.
This visualized dynamic cluster serves as a tool, which allows the interested parties the
so-called intelligent (smart) view and subsequent analysis and synthesis of management
systems according to these two standards.
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It follows that this is a valuable support for those stakeholders who must create,
maintain, and continually improve the management system according to IATF 16949 in
their organization. These are mainly the internal managers of the organization and internal
auditors. For all parties involved in other party audits and certification audits, it is an
excellent tool for minimizing discrepancies and nonconformities. The aim is, therefore, that
the audits in the organization are carried out without the complications that arise when a
standard-related audit criterion is not met.

The interested party can easily and quickly find out how many requirements to deal
with and gain an insight into the text content of the standard by activating the given
node (as a representative of the clause). Because the text of IATF 16949 is commercially
provided this sharing must be limited to only examples in this article. Specifically, we
chose and activated for selected visualized image (red-yellow border of the blue round
rectangle) sub-sub-clause 8.6.3 “Appearance items”, which lists the quality attributes for the
appearance of the product, see Figure 5. The figure shows the text content of the activated
node, located in the right part of Figure 5. This text corresponds precisely to the content of
the sub-sub-clause No. 8.6.3 defined by the standard IATF 16949.
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The advantage of this IATF 16949 visualization cluster is that it is possible to examine
each item (clause, sub-clause, requirement, or documented information) separately. The
given cluster also visualizes the connection with the ISO 9001 standard, i.e., it also makes
the internal integration of the given management system available to interested parties.
If the addition of other management systems according to ISO standards continues, the
database in MS Excel could be expanded with new sheets, i.e., new management systems.
This is especially advantageous for integration with consolidated management systems or
those that have been revised [26].

4. Discussion

In organizations that manufacture products or provide services as well as in academic
practice, the visualization of management systems standards is presented primarily in the
form of static diagrams or tables. This article presents a visualization of the standard IATF
16949 Automotive Quality Management System Standard, Quality management system require-
ments for automotive production and relevant service parts organizations, which incorporates in
its content ISO 9001 Quality Management Systems—Requirements using a dynamic cluster
model built using software TouchGraph Navigator and MS Excel applications to create a
source database.

This article is intended to highlight the usefulness of such an approach to technical
specifications or standards for stakeholders who wish to plan, implement, maintain, and
continuously improve the management system. These stakeholders include, in particu-
lar, the top managers of the organization, internal auditors, external auditors, but also
auditees [27].

The presented cluster enables the analysis of the standard structure, its individual
clauses, sub?clauses, sub3clauses, sub*clauses, sub®clauses (up until the fifth level), binding
requirements and documented information and explanatory notes. In the cluster, after the
activation of individual nodes, it is possible to display the text content of the standard and
learn the specifications related to the requirements and documented information, which
are required during the activities with the management system.

After the analysis, it is possible to develop an effective synthesis from the acquired
knowledge and thus simplify and speed up the “manipulation” with the standard.

The article emphasizes the use of visual management for management systems of
given standards, which could be perceived as management for management.

For further processing, it is possible to connect other management systems to the given
cluster according to selected ISO standards and create twins, triplets, etc. Management
systems, in Table 2, that have great potential for integrated visualization with respect to
QOMS and AQMS include the following management systems with HS or HLS structure.

From the research perspective it would be fitting to observe if the frequency of updates
for ISO 90001, which is now set for five years, would be also suitable for the IATF 16494
due to the acceleration of the update in the form of Sanctioned Interpretation (SIs) of the
Technical Specification for IATF 16949.

Furthermore, for the purpose of this research we intend to study if visualization, as a
working tool, would enhance and simplify the understanding of the management systems
and standards related to them. It will be useful to identify such visualization expressions
that would have the support and acceptance of most stakeholders.

Finally, it will be appropriate to examine, considering that management systems
according to ISO standards are restructured after updating and have an HLS or HS structure,
whether there is a finite number of management systems that can be integrated into one
organization while maintaining the functionality of the integrated complex.
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Table 2. The selected ISO standards with a potential for integration visualization (arranged by
standard number from lowest to highest).

Number of

Year of

Title of Standard for Management Systems  Requirements {R} Guidance for

ISO Standard  Publication (MSs) Use (G} Reference
10012 2003 Measurement MSs (R} for measur'ement processes [28]
and measuring equipment
14001 2015 Environmental MSs {R} with {G} [29]
Information technology—Security

27001 1 2013 techniques—Information {R} [30]

security MSs

Security and resilience—Business

22301 2019 continuity MSs {R} [31]
28000 2007 Specification for securi’fy MSs for the [32]

supply chain

Security MSs for the supply chain—Best
28001 2007 practices for implementing supply chain {R} and guidance [33]
security, assessments and plans
Security MSs for the supply

28002 2011 chain—Development of resilience in the {R} with {G} [34]

supply chain
30301 2019 Information and documentation—MSs R) [35]

for records

37301 2021 Compliance MSs {R} with {G} [36]
39001 2012 Road traffic safety (RTS) MSs {R} with {G} [37]
44001 2017 Collaborative business relationship MSs {R} and framework [38]
50001 2018 Energy MSs {R} with {G} [39]
56001 2 202X Innovation management—Innovation MSs {R} with {G} [40]

L1 ISO/IEC; 2 1SO/ AWL.

5. Conclusions

One of the most widely used international standards for quality management in the
automotive industry, ISO/TS 16949, is being developed with the release of a new global
industry standard by the International Automobile Task Force (IATF). ISO/TS 16949 was
initially created in 1999 by the IATF in cooperation with the ISO’s Technical Committee on
Quality Management and Quality Assurance (ISO/TC 176). It has subsequently become
one of the most commonly used international standards in the automotive industry and it
seeks to synchronize various assessment and certification systems in the global automotive
supply chain.

IATF 16949:2016 was first published by the IATF in October 2016 and it supersedes
and replaces the last version of the ISO/TS 16949. IATF 16949:2016 is in accordance with the
latest version of the ISO 9001:2015 quality management system standard, refers to it, and
entirely respects its structure and requirements. IATF 16949: 2016 is not an independent
quality management standard but is implemented in addition to and in conjunction with
ISO 9001:2015. The IATF will ensure continual conformity to the ISO 9001 by maintaining
strong cooperation with ISO through its participation in ISO/TC 176 [41].

The aim of the article was to present a visualization cluster that supports this conjunc-
tion and helps decision-makers as well as other stakeholders. It also intends to support
persons involved in the preparation of the implementation of several standards within the
organization. Implementing a standard cluster that incorporates IATF 16949, ISO 9001, and
ISO 9000 standards can lead to effective preparation for certification, which is considered
an indicator of success where the organization demonstrates its commitment to systemic
management. Such an approach can inspire organizations to expand their internal oper-
ational processes by integrating sustainability and quality aspects into their operational
contexts. As stated by Silva et al. [42], QMS aims to help organizations respond to change
by creating more open and agile models. The QMS also aims to promote ongoing dialogue
with stakeholders, to respond more flexibly to current challenges and to create a lasting
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systemic environment. The effectiveness of such an approach is reflected in the increased
adaptability of production and in the shortening of the reaction time to the implementation
of changes. The result is reflected in the greater competitiveness of the organization.

The benefits of the application of visualization in practice are both internal and exter-
nal. The internal benefits include, for example, raising the awareness of top management
and internal stakeholders about the implementation of IATF 16949 in automotive organi-
zations, and its use as a powerful decision-making tool. Visualization offers an insight
into complexity and a scope of the management system according to IATF 16949 and
better understanding of the internal integration between ISO 9001 and IATF 16949 as an
inseparable pair of management systems.

Flexibility is yet another benefit to visualization because the organization can eventu-
ally add other management systems to the picture and adjust existing clusters according to
its changed requirements.

Reducing administrative requirements is also considered as a benefit, as visualization
contains a significant amount of supporting documentation that does not have to be
stored physically.

From an external point of view, we can consider the advantage of increasing the
competitiveness of the organization by obtaining quality certification [43]. The visual-
ized format of the standard is very helpful during the audit. Information found in the
clauses “Management review” and “Improvement” are especially important during the
process and simplified access to this information can streamline the process of certification
or re-certification.

Limitations of the software application are mostly seen during the creation of a certain
number of nodes and edges; the number depends on the type of SW and its quality.
Moreover, at low resolution, the 2D views of nodes and description may be unreadable.
The study of IATF 16949 is limited to a comprehensive 3D view.

The ultimate goal of every manufacturer or service provider in the automotive industry
is to offer high quality products and services, to be successful and competitive, and at the
same time to be able to meet all the necessary requirements for sustainable production or
service provision.
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