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Abstract: Fatal accidents in UK’s manufacturing sector are expected to remain the same or
increase in coming years. This paper has tried to combat this issue by adapting and further
developing a previously defined Safety Framework for the Paint Sector, to evaluate the
safety performance of a metal manufacturing facility. To achieve this, the original Safety
Framework was updated to align with the current British safety legislation outlined by the
British Standards Institution. The framework was based on a three-level multi-attribute
value theory (MAVT). Upon reviewing BSI 45001, the Safety Framework was founded upon
the concept of Deming’s Plan, Do, Check, Act (PDCA) which is the foundation for the origi-
nal framework, therefore, the first-level attributes remained consistent. The 13 attributes of
the second level and 36 attributes of the third level were derived from the literature review
and updated to relevant legislation. To develop the Safety Framework, the Delphi method
was used. This included interviews that were conducted with employees and managers
from either a Safety or Engineering background. The second part of the paper involved
the improvement of the Safety Framework, based on the interview feedback. The main
findings of the study revealed that the final Safety Framework has been deemed relevant
for the Metal Manufacturing Sector by Industry Suitably Qualified and Experienced Per-
sonnel (SQEP). The majority of Interviewees deemed the Safety Framework to have a clear
layout and easy to understand. The interviews and final Safety Framework suggested the
importance of a company’s emphasis on employee welfare and health, in order to reduce
accidents in the workplace. The originality of this paper lies in its application and validation
of a sector-specific safety framework, contributing to the body of knowledge by offering a
replicable methodology for adapting safety frameworks to other manufacturing sectors.

Keywords: accident reduction; delphi method; safety evaluation; manufacturing industry;
safety management system

1. Introduction

Safety in the workplace is of paramount importance across all sectors. In the man-
ufacturing sector, however, evolving technologies and increasing levels of automation
introduce specific and complex safety challenges that require focused attention [1]. The
United Kingdom (UK) manufacturing sector continues to develop into an increasingly
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autonomous and technology-led environment [2,3]. This evolving context brings with it
new types of risks compared to those traditionally associated with manufacturing plants [4].
Risks are no longer purely physical; cyber threats have become significant concerns within
the manufacturing workplace [5]. For example, hackers could theoretically manipulate
machinery to operate in dangerous ways or within hazardous environments [6,7].
Traditionally, a tradesperson would be deemed most susceptible to physical risks such
as lacerations, falling objects and working at height [8]. It could be argued that these risks
may be amplified depending on the individual’s personal health [9]. Ill physical health
and/or mental wellbeing may affect an employees’ concentration, memory and decision
making, making them more at-risk in the workplace [10,11]. It has been found that:

“Employees who have had an occupational accident endured more physical stress in
addition to mental workload (MWL) compared to employees who did not have an acci-
dent” [12].

Figure 1 shows the number of employees killed in the Manufacturing sector from
work-related accidents, spanning from 2018 through to July 2024 [8]. Unfortunately, being
only two-thirds of the way through the year 2023, the fatality count would therefore be
expected to remain the same or increase. While the data in Figure 1 do not indicate a
consistent increase, the number of fatal accidents has remained unacceptably high over
recent years. This level of risk remains a critical concern and requires targeted interventions
to improve safety. It's important to note that these statistics are taken from a sample of
100,000 employees annually, ensuring proportional representation regardless of population
fluctuations. Recognising the unsustainable nature of this trend this paper has tried to
evaluate the safety performance of a metal manufacturing facility.
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Figure 1. Fatal Accidents in the UK Manufacturing Sector [8].

It is clear that a comprehensive solution needs to be determined to stop this increasing
trend in fatal accidents and make the workplace a safer place to be. This solution needs to
be equipped with tools that can tackle the various types of risks in the metal manufacturing
industry, such as cyber safety, physical safety, and employee wellbeing.

A Safety Framework offers an orthodox methodology for managing safety in the
workplace. A Safety Framework is a series of tools or steps that, when followed, can
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support the accomplishment of a safety goal. The motivation for this study is to reduce risks
and therefore accidents in the workplace. Current safety frameworks are often categorised
as either strategic or tactical [13]. The gap between strategic safety goals and specific
legislation for operational tasks in the workplace is abundant. There is a requirement for a
Safety Framework that can bridge the gap between the strategic higher-management goals,
and operational workers’ tangible actions.

The Manufacturing sector is made up of a variety of industries including mining and
quarrying, energy supply, water supply and waste management [14]. As shown in Figure 1,
fatal accidents in the UK manufacturing sector have remained relatively steady. According
to Innova [15], the manufacturing sector employs approximately 2.5 million workers and
has reported an average of 22 worker fatalities per year over the past five years. In addition,
there are typically over 3100 major injuries and around 4100 injuries that result in absences
of seven days or more. These persistent safety issues highlight the need for more effective
frameworks tailored to high-risk environments like metal.

The main aim of this research is to improve workplace safety and reduce accident and
fatality rates in UK metal manufacturing facilities by developing a Safety Framework that
will serve as a guideline for companies to consider, with the intention of accident prevention
and reduction. The following objectives were identified to achieve the aforementioned aim.

1.  To establish an in-depth literature review of Safety Frameworks in the Manufacturing
sector, as well as other industries, to determine the most significant safety attributes.

2. To develop a Safety Framework for the metal manufacturing sector to help prevent
further accidents from occurring.

3. To validate the developed framework via industry suitably qualified and experienced
personnel (SQEP).

Since, safety is a broad category; the scope of the research has been bound based upon
the British Standards Institution (BSI) categories. The BSI has four main categories, namely,
ISO 9001 Quality Management Systems, ISO 14001 Environmental Management, ISO/IEC
27001 Information Security Management, and ISO 45001 Occupational Health and Safety
Management. This paper will focus on the latter category only.

2. Literature Review
2.1. Safety Frameworks

Before delving into the current literature, it was important to clearly define what
a Safety Framework is. Carthey [16] described a Safety Management Framework as “a
broader framework for safety, in contrast to individual interventions (e.g., bundles, check-
lists)”. Whereas Welsh Government [17] describe a Safety Framework as “the interlinked
key elements that must always be working together to ensure continuous improvement
in quality: planning; improvement; and control; and to provide overall assurance that the
system is working effectively to deliver the outcomes”. Either way; it is clear that a Safety
Framework is a proactive step up in terms of governance (when compared with a list of
legislation) for safety in the workplace and employees.

2.2. Literature Divergence

The literature review aimed to investigate current and pertinent research related to
Safety Frameworks and, consequently, initiatives aimed at mitigating workplace accidents.
The literature review drew insights from papers source from both the Scopus database
and Google Scholar. Google Scholar was particularly useful as it often provided access to
papers that Scopus did not. Initially, 23 key words were pinpointed, encompassing 45 key
words that included alternatives and synonyms for common terms associated with the
topics: manufacturing, accidents, and safety. See Table A1 for the list of key words utilised
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in various combinations with Boolean Operators, ensuring a comprehensive and thorough
literature review.

In spite of developments in safety management frameworks and the incorporation
of cyberinfrastructure considerations, there remains a prominent research gap in the de-
velopment of sector-specific safety frameworks personalised to the unique needs of the
UK metal manufacturing industry. Existing frameworks, such as the one developed by
Chang and Liang [18] for the paint sector, have shown the potential for cross-sector adap-
tation. However, these frameworks often fail to address the growing risks linked with
modern manufacturing environments, specifically those involving cyber threats, digital
transformation, and the mental wellbeing of employees. Additionally, the literature reveals
limited exploration of incorporating emotional accident prevention and education factors,
such as trust and employee wellbeing, into safety frameworks. Furthermore, while some
studies propose comprehensive attributes for safety frameworks, there is a lack of empirical
validation of these frameworks across varied facilities within the metal manufacturing
sector. This highlights the need for an updated, validated, and sector-specific framework
that connects the gap between strategic safety objectives and practical on-ground safety
implementations, while incorporating emerging risks and legislative changes.

2.3. Literature Convergence

The initial searches returned a minimum of 7346 papers, see the breakdown of papers
sourced in Figure 2. These papers were then filtered by English language only. The
subsequent step involved narrowing down the results to encompass papers published from
2006 onwards. This refined filter led to a reduced count of 5916 papers. The year 2006 was
chosen because according to [19]

Records identified through
database searching on Scopus /
Google Scholar (n=7346)

v ¥ ¥

¥
Records with keyword search

(safety AND frameowork OR
model AND accident* AND
manufactur* OR occupational
(n=5123)

Records with keyword search
(manufacturing AND safety AND
framework) (n=1570)

Records with keyword search
("safety framework”) (n=403)

Records with keyword search
("safety management system”
AND manufacturing) (n=250)

l

l

l

Screening

Records filtered by English
language and post 2006 only
(n=3970)

Records filtered by English
language and post 2006 only
(n=1375)

Records filtered by English
language and post 2006 only
(n=378)

Records filtered by English
language and post 2006 only
(n=193)
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Reviewed titles and abstracts for
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18 papers found covering variety
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!
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Figure 2. Flow diagram showing literature filtration process. Note: The asterisk * symbol in the
figure acts as a wildcard, representing any number of characters after the root word. For example, if

v

you search for “accident” it would likely return results for “accident”, “accidents”, and “accidental”.
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The next step was to sort a selection of the papers in order of relevance by skim-
reading the paper titles, abstracts, key words, and dates published. At this point in time,
the papers had not been filtered by sector. This was a lengthy process and resulted in
18 relevant papers.

The final step was to thoroughly review all 18 papers in further depth. To make the
revision consistent, and clear to refer back to, a table was created which included columns
for Paper Author(s), Paper Title, Manufacturing Sector Type, Publication Year, Type (of
Framework), Limitations of the Research, Research Findings, and Research Gaps. The
papers covered a wide range of sectors, namely Manufacturing, Travel (Road), Travel (Rail),
Construction, Healthcare, and General Occupational. Ten of these papers were associated
with the manufacturing sector specifically, see Figure 3 for the proportion of papers from

each sector.

m Manufacturing m Construction = Travel (Road & Rail) m Healthcare m General Occupational

Figure 3. Proportion of Research Papers Across Various Manufacturing Sectors.

The spread of publication year can be seen in Figure 4, paper publication ranged from

2006 through to 2023.
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Figure 4. Years of Publication of the chosen Literature Review Papers.
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The papers adopted diverse strategies for accident reduction. Various terms were
employed to characterize the models proposed in these papers, including framework,
business process model, risk assessment framework, accident classification framework,
safety management system, and conceptual model.

Interestingly, Chang and Liang’s [18] paper regarding an Accident Classification
Framework for the construction sector, determined categories based upon negatives as op-
posed to positives. For example, some of the categories were labelled: unsafe management,
unsafe machine/tool, unsafe environment, and so on. The framework was derived based
upon the frequency of accidents relating to each category. Two different perspectives to
approach reduction of accidents are reactive and proactive. Chan and Liang [18] took a
reactive approach through the collation of past events data, which resulted in an output
of recurring factors and accident patterns. Aminbakhsh et al. [20] took a similar reactive
approach but alternatively calculated the magnitude of each risk through the product of
probability and severity, more similar to Process Failure Mode and Effects Analyses [21].
The metal manufacturing industry is subject to many safety risks, including occupational
injuries, workshop risks such as slips, trips, poor housekeeping, manual handling, and
close proximity to machinery, and substance hazards. Studies by the Health and Safety
Executive (HSE) have revealed that the most injuries sustained in metal fabrication are
related to handling and carrying or being struck by moving machinery or falling objects
(18%). In contrast, the results of Aminbakhsh, et al. [20] indicated that the category Trips
and Falls required the most significant investment.

Alternatively, Tabibzadeh et al. [22] took a proactive approach through the develop-
ment of a risk assessment framework by “integrating the 10 traits of the positive safety
culture, initially introduced by the U.S. Nuclear Regulatory Commission”. The framework
comprised of six levels (top-to-bottom order) namely: Government, Regulators and as-
sociations, Company, Management, Staff, and Work. An identified gap with this paper
was that the “Not Applicable” column (“comprised of framework factors that were not
directly associated with violating one of the traits of a positive safety culture”), was not
further explored.

A completely different proactive approach adopted by Omrany et al. [23] was to
create a digital map of a physical workshop, which “can establish the twins of the physical
workshop from different dimensions such as geometry, behaviour, and environment”. The
digital mock-up could detect risks such as workers close proximity to a dangerous area,
or equipment being moved from a safe area to unsafe area. This approach would heavily
rely on 55 Six Sigma [24] physical implementations such as shadow boards. A significant
limitation of this approach was that the workshop behaviours ever-changing and complex,
making it difficult to use the virtual dataset to train the network which ultimately resulted
in a low detection accuracy.

In the industrial context, the relationships between safety management systems and
risk assessment activities is critical for realising high consistency and operational safety.
Safety management systems provide the tactical and practical framework, whereas risk
assessment extends the analytical footing for recognising and reducing hazards. Di Bona
et al. [25] proposed the Global Safety Improve Risk Assessment (G-SIRA) model which
uses analytical hierarchy process (AHP) to effectively and efficiently recognise and mitigate
risks compared to traditional methods.

Similarly, Cagno et al. [26] introduced an AHP-based risk assessment method that
holistically assesses and prioritises workplace hazards and their causes—machine, operator,
procedures, and environment—offering more flexible and systematic safety management
than traditional approaches.
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The different models mentioned above may not apply directly to the metal manufac-
turing industry, but the methodologies used could be applied to develop an all-inclusive
Safety Framework suitable to the UK metal manufacturing industry.

A clear gap in the current research was the inclusion of a suppressor variable, as
proposed by Tong et al. [27]. This paper concluded that the attribute “trust” increases
the predictive validity of other attributes (when used in a regression equation). This
paper addressed the importance of emotional accident prevention and reduction factors, as
opposed to simply physical factors.

One particular paper; Chang and Liang [18] derived a Safety Framework for auditing
paint facilities. It seemed appropriate to assume a similar Safety Framework could be
updated and adapted for a different manufacturing industry, such as the metal manufactur-
ing industry. Chang and Liang [18] suggested “testing the validity of this model on more
facilities in the paint industry as well as in other industrial sectors.”

2.4. Analysis of Selected Literature

To appropriately develop the previously determined Safety Framework (originally for
the paint sector), for the metal manufacturing sector, it was critical to explore all citations of
the Chang and Liang [18] paper since publication in 2009. There were 69 citations in total,
of which 11 papers were inaccessible using Cranfield University portals via both Google
Scholar and Scopus. This was a minor limitation of the research as it was assumed that the
Safety Framework developed by Chang and Liang [18] had not since been developed or
adapted for an alternative sector. All remaining 57 papers did not cite the original paper in
terms of either developing or adapting the framework. The citations were predominantly
used to explain Demings Plan Do Check Act (PDCA) process [28].

2.5. Legislation Change

The critical element that needed to be addressed was that the original paper was
published in 2009. Since then, there have been significant changes in terms of safety
legislation on a global scale due to the COVID-19 pandemic. For example, BSI have
published a complete new set of guidelines, namely PD ISO/PAS 45005:2020, Occupational
health and safety management-General guidelines for safe working during the COVID-19
pandemic [29]. It was therefore of upmost importance to not only adapt the framework to
a different sector (metal manufacturing sector), but also to update the framework based on
developments in European legislation since 2009.

3. Research Methodology

The methodology was split into 5 phases, see Figure 5. Phase 1 aimed to ensure the
research was relevant and covered a variety of framework designs for different sectors.

The research then converged to the metal manufacturing sector specifically in Phase
2, looking at papers post-2006 to ensure they were current. The year 2006 was chosen
because according to [19] “The concept of cyberinfrastructure entered the vocabulary around that
time.” It was therefore important to recognise that accident prevention and reduction would
also need to consider risks associated with cyberinfrastructure, as opposed to traditional
occupational risks.

Phase 3 defined the framework itself. Phase 4 validated the framework through
industry professional’s opinions otherwise known as the Delphi method [30]. Finally,
Phase 5 discussed the research conclusions, limitations to the framework, and any areas for
future research.
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m Project Understanding & Literature Review

. Research safety trends in the Manufacturing Sector
Source relevant journals, reports, papers and articles
Source current company frameworks

Decide on appropriate scope of framework

Research Interrogation

. Identify the findings of the current research
Identify limitations within current research
Identify gaps in current research

Converge research

m Defining the Framework

. Define criteria for third level attributes
2. lIdentify and define criteria for missing or weak 15t or 2nd
level attributes e.g. employee’s health upon/during shift

Poh=

P GV =

-

1. Validate the framework
a) Cranfield Academics
b) Manufacturing Sector SQEP
2. Improve framework based on validation comments:
a) Was the framework easily understood?
b) Check for the completeness of the model e.g.,
was anything missing?
c) Revise and improve to make the framework more
complete

Conclusion and Findings

1. Suggest limitations of the framework
2. ldentify areas for further research

Figure 5. Research Methodology.

4. Framework Development
4.1. Foundation

Teo and Ling [31] developed a model to measure the effectiveness of a Safety Manage-
ment System framework based upon the following attributes: policy, process, personnel,
and incentive, as well as using a 3-level MAVT approach. Using the model determined by
Teo and Ling [31], Chang and Liang [18] used the multi-attribute value theory (MAVT) to
derive a Safety Index (SI) for each paint facility. The SI of metal manufacturing facilities
could also be determined based upon the assessment of Safety Representatives; however,
this is not part of the scope of this research.

4.2. The First Level

The original Safety Framework was developed and updated using a systematic process.
To begin with, the first levels were reviewed to see if the foundation, namely PDCA (see
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Figure 6), remained unchanged and relevant to UK industry. The infographic shows
numbers four to nine (from ISO 45001 OH&S Management System), but neglects to include
numbers 1, 2, and 3. This is because the infographic is numbered in such a way that each
number corresponds to the chapter within the Occupational Health and Safety Management
Systems publication, therefore chapters 1, 2, and 3 are Scope, Normative References, and
Terms and Definitions, respectively. These sections were not relevant to the PDCA cycle. It
transpired that Deming had since developed the PDCA process to PDSA (Plan, Do, Study,
Act) [32]. Deming [32] had found that the term Check focussed solely on implementing
a change, with a binary outcome of either success or failure. Whereas the term Study
encouraged the user to study the results but then use said results to revise or update any
previous theories.

-
,7 Internal & external Context of the organisation (4)

N
Needs & expectations of
’ issues (4.1)

’ interested parties (4.2)
’ P it - \
I} \ Scope of the OH&S management system (4.3/4.4) / \
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\

/ P \
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6)

Support
(7) &
Operation

()}

Improvem
ent (10)

Leadership & Worker
Participation (5)

Performan
ce
evaluation

©)

>
O

A Intended outcomes of the 4
N OH&S management system 2

- -

Figure 6. ISO 45001 OH&S Management System Scope [33].

4.3. The Second Level
4.3.1. Coding Original Sources

The next step was to look at the second level attributes and their corresponding
original sources. It was assumed that the attribute weightings determined from the original
Chang and Liang [18] paper (via MAVT and The Analytical Hierarchy Process and factor
analysis) were still relevant. One, by one, every original source for all remaining second
attributes were reviewed. Sources were colour coded as red, amber, and green, meaning
the source was either not relevant, updated, or remained relevant (to either the UK or
metal manufacturing facilities) respectively. See Table A2 for an example of the colour
coding used. The red sources were removed, amber sources were updated with current UK
legislation, and green sources remained.
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4.3.2. Removing Attributes

The only second-level attribute that was completely removed was “Hazardous Mate-
rials Management”. While paints and other chemicals are rightly considered hazardous,
this category is a primary risk area in the paint industry, which justified its inclusion as
a standalone attribute in the original framework. In contrast, the metal manufacturing
sector presents a broader range of risks where hazardous materials are relevant, but not
central enough to require a dedicated second-level attribute. These risks are addressed
under broader categories. The most significant safety issues in metal manufacturing remain
“Slips, trips or falls on same level” [34] for non-fatal injuries, and “Contact with moving
machinery” [34] for fatal injuries.

4.3.3. Updating Attributes

Current UK legislation and guidelines were sourced from reputable companies and
constitutions, namely International Labour Organization (ILO) [35], International Organi-
zation for Standardization (ISO) [36], and British Standards Institution (BSI) [37]. BSI 45001
is one of four categories defined by BSI as Occupational Health and Safety Management,
all BSI sources were taken from this category only. Rather than simply source either BSI
or ILO for each attribute, the specific standard was documented, this should make future
updates of the Safety Framework an easier task to complete.

4.3.4. Missing Attributes

The final step was to determine if there were any missing second level attributes,
keeping metal manufacturing facilities in mind. It was determined that there were no
missing attributes.

4.4. The Third Level

A similar approach (as for second level attributes) was taken for third level attributes;
however, both the attributes and corresponding sources from the original Safety Framework
were not made available to the public. Therefore, the third level attributes for this new
Safety Framework were derived completely based upon a deeper level of categories relating
to their predecessor; the corresponding second level attributes.

4.5. The Resulting Safety Framework

The resulting Safety Framework (see Table A3) consisted of four consecutive stages and
three levels, see Table A3. The framework had 4 first level attributes, 13 s level attributes,
and 36 third level attributes, see Figure 7. While most attributes reflect commonly accepted
safety management elements, the inclusion of “Environmental Monitoring” under the
Study category is intended to support early detection of potentially unsafe conditions—
such as toxic emissions or overheating machinery—which can act as precursors to accidents.
This proactive surveillance role aligns with the prevention focus of the framework. To
help user to understand, the Safety Framework is proposed to be used as a structured tool
for internal audits and continuous improvement. It follows the Plan-Do-Study-Act cycle
and is not a checklist. Users may designate qualitative or quantitative scores based on
facility-specific relevance and performance.

The framework is portrayed in a similar format to that of Chang and Liang [18].
However, there was a significant reduction in the number of third level attributes. The
original framework read left-to-right and was coloured in black and white. The new
framework also read left-to-right but was coloured coded to clearly define the order of the
first level attributes.
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Figure 7. Safety Framework Levels and their Corresponding Number of Attributes.

5. Framework Validation
5.1. Validation Type

The validation process of the developed Safety Framework was a critical step because it
demonstrated that the framework was accurate in its guidance towards accident reduction.

The Delphi method [30] was chosen to validate the Safety Framework. The British
Psychological Society [38] described it as “a method for structuring a group communication
process so that the process is effective in allowing a group of individuals, as a whole, to deal
with a complex problem”. This seemed relevant for justification of the Safety Framework.
Using the Delphi method also made the validation consistent with that of the original
Safety Framework derived by Chang and Liang [18].

5.2. Validation Demographies

The Safety Framework was validated by seven industry professionals; three Engineers,
three Safety, Health, and Environment (SHE) Representatives and a Digital Architect who
each individually analysed the Safety Framework and completed the interview survey (see
Table A5 for the list of questions). All of the industry professionals provided responses (see
Table A6 for the responses).

The combined industry experience across the participants was at least 45 years, with
a median of 8 years and an estimated mean of 10.9 years. The specific job titles have
been coded for anonymity, see Table 1 below for further details, and Figure 8 for the
respondents’ data.

Table 1. Coding of Job Roles for the Validation Interviewees.

Code Job Role
1 Employee
2 Team Leader Level
3 Higher Management Level
S Safety Department
E Engineer
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Figure 8. Bar Chart of Job Role coding of Validation Interviewees.

It was important to include responses from different levels of the business, such as
ground-level employees, middle management, all the way up to higher level management.
Each of these different levels of employee would be exposed to different risks and be-
haviours. For example, a ground-floor employee would be more likely to comment from
the perspective of their peers, and as someone who operates machinery on the shop floor.
Whereas a higher-level manager may perceive risks from a more strategic perspective.

In hindsight, a rating from 1-10 (with 1 being the lowest and 10 being the highest)
alongside the free-text field questions would have allowed quantitative test statistics to
be used, such as the Chi-square test and the Wilcoxon signed rank test. This data was not
collected so the tests cannot be performed.

By taking the midpoint of each category for the question, “How many years’ experience
do you have in your sector?”, it can be deduced that the median experience of respondents
is 8 years and the mean is 10.93 years. Note that for the 21+ year’s category, the upper
bound was deemed to be the current UK retirement age of 66 years old.

The interview survey started with three demographic style questions. The main body
of the interview comprised of nine sub-questions contained within four main question
themes: feasibility of the framework content, feasibility of the framework language, feasibil-
ity of the framework presentation, and adaptability of the framework. All questions were
mandatory and in a multiple-choice format with an accompanying free text field if the in-
terviewee felt further comments were necessary. The mandatory multiple-choice questions
were put in place to avoid any blank free-text fields and therefore incomplete surveys.

5.3. Validation Results

The results of the interview survey demonstrated that the industry professionals (with
varying levels of experience) generally agreed with the use of the Safety Framework for the
metal manufacturing industry, pending some minor improvements.

5.3.1. Similarities

The question that returned a concurrent answer was with regards to the Safety Frame-
work’s layout. All respondents selected “Yes”. Associated respondent comments were
regarding the clarity of the text in the framework, commenting that it was “blurry”. A
change of format would quickly resolve this issue. Some further comments offered sugges-
tions such as a black and white colour scheme, and a top-to-bottom tree-diagram layout.

Another question that returned mainly “Yes” results (bar one response from a SHE
representative) was with regards to how easy the content of the Safety Framework was to
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understand. The “No” respondent exclaimed “I don’t understand how to use the Safety
Framework, is it a checklist? Does it need accompanying guidelines? Is there a final score?”,
raising cause for concern that the Safety Framework itself needed further introduction or
explicit instructions provided prior to distribution. Most “Yes” respondents gave supple-
mentary comments, all echoing the former comment. One respondent commented on the
use of the unexplained acronym “SMS”.

5.3.2. Differences

Some differences were seen in response to the “Feasibility of the Framework” questions.
Of the respondents, 86% found the content relevant. Similarly, the same 86% believed the
content was current. The “no” respondent commented that the Safety Framework could
have “a priority list or ranking of each attribute”. The framework has not been derived
with a priority list of attributes in mind as this could mislead internal Auditors to focus on
attributes that are in fact less important for said facility. However, the respondent raises a
good point in offering internal Auditors the option of ranking the attributes (using their
subject matter expert knowledge) prior to audit to determine the most important attributes
for specific or specialised facilities.

Another respondent commented on the visibility of the sources used to derive the
attributes. The sources were not included in the survey version of the Safety Framework as
to not clutter the table. However, the intention would be to provide this information to the
internal Auditors within the digital version of the framework, with the option of hiding the
information for clarity. Two respondents agreed that the framework could include some
more specific attributes relating to risks in the metal manufacturing industry specifically.

Finally, one respondent made a comment regarding the lack of attributes covering
“culture and people”. It could be suggested that each attribute may be approached with
Ishikawa’s 6M [39] mnemonic in mind, Manpower, Method, Machine, Material, Milieu and
Measurement. This addition would add a further dimension to the framework and thus
leaves room for complication and audit duration concerns (46 third level attributes being
approached using 6M results in a staggering 276 attributes to consider). However, the
addition of a 6M layer could resolve the issue of the lack of “culture and people” attributes,
as it would encourage each attribute to be approached from a “man” perspective.

The most divisive question was concerning whether the content was “missing any
key attributes?”. Three out of seven respondents answered ‘Yes” and four answered ‘No’.
Interestingly, the majority of “No” respondents were those of less experience. This is to be
expected and could indicate a lack of confidence in forming own opinions at such an early
stage in the respondents’ careers. One of the “Yes” respondents mentioned the lack of a
mental wellbeing attribute. Another mentioned the lack of a personal protective equipment
specific attribute.

The final question queried whether the respondent knew of “another industry this
framework could be adapted to?”. This question yielded varying answers as it was a
free-text field. Comments ranged from “most industries I've worked in”, and “any type
of construction or manufacturing industry”, to “the textiles/fashion industry”. The an-
swers to this question were particularly enlightening as they painted a picture that the
respondents viewed the Safety Framework as very generalised, especially when combined
with previous comments regarding the lack of metal manufacturing specific attributes.
Improvements were required to tailor the framework even further towards the metal
manufacturing industry.
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5.4. Improvements

Upon receiving the interview survey responses, numerous changes were made to the
Safety Framework. Firstly, a title and short instruction was added which explained how the
Safety Framework was intended to be used. The instruction stated “The Safety Framework
foundation was built upon Deming’s sequential PDCA improvement cycle, and therefore must be
used in exactly that order i.e., first consult the Plan section (first, second, and then third level
attributes), then the Do section, next the Study section, and finally the Action section. The Safety
Framework is intended to be used as a basis for an internal facility audit, leaving it for the User to
decide whether to qualitatively or quantitively score each element”.

The next improvement made to the Safety Framework was to recolour the table in
black and white. This new colour scheme made visibility easier for colour-blind people, and
also looked more professional. Another minor improvement was made by expanding the
acronym SMS to Safety Management System. A final minor improvement was to improve
the quality of the Safety Framework image for the User.

Bearing in mind the interview comment “Mental wellbeing of our employees is a key
factor in keeping everyone in our workplace safe. I can’t see anything about employee
wellbeing in the framework”. It was decided to add an additional third level attribute
to the Safety Framework, namely Employee Support Programme. This new attribute is
located within the 1st Level Do, 2nd Level Education and Training. The addition of the
Employee Support Programme attribute puts more focus on the emotional wellbeing of
the employees. As discovered by Jame Chenarboo et al. [12], an employee with ill physical
or mental state is more at risk to accidents when compared with that of a sound-minded
person. Obviously, the scale of a person’s state of mind is very subjective and complex.
It could be suggested to begin with a simple measuring tool such as a regular employee
questionnaire, with answers in the format of a Likert scale, similar to Huo and Jiang’s
approach [40].

The final Safety Framework can be seen in Table A4. The final framework had four
first level attributes, 13 s level attributes, and 37 third level attributes.

6. Conclusions, Limitations and Future Scope

A Safety Framework designed to measure the safety performance (and therefore reduce
accidents in the workplace) of metal manufacturing facilities has been developed based
upon the original framework proposed for the paint industry by Chang and Liang [18]
and the MAVT approach. The framework is more user-friendly for the auditor because it
is bespoke to the metal manufacturing industry and has only 37 third-level attributes as
opposed to 276.

Referring back to the three objectives defined in Section 2, the following conclusions
can be made:

e  The Safety Framework is up-to-date and aligns to both ILO and BSI standards. First,
second and third level attributes were adapted to be relevant for the metal manufactur-
ing industry. The most significant safety attributes can be determined as the attributes
that have remained in the framework post legislation update.

e  The final Safety Framework has been deemed relevant for the Metal Manufacturing
Sector by Industry SQEP personnel. The majority of Interviewees deemed the Safety
Framework to have a clear layout and easy to understand.

e  The main findings of the Validation suggested the importance of having an emphasis
on employee welfare and health, in an effort to reduce accidents in the workplace. This
was taken into consideration and an extra attribute (relating the employee welfare)
added to the third level of the Safety Framework.
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A benefit of this research is that it has proved useful through adapting and updating
a pre-determined Safety Framework (for the paint industry) and making it relevant for
a different industry (the metal manufacturing industry). This provides confidence in the
opportunity to further adapt the new Safety Framework for other industry sectors. It also
encourages continuous improvement of pre-determined research, as opposed to starting
from scratch every time, and therefore wasting valuable time and resources.

One sustained disadvantage (from the original framework) is that no incentive factor
has been explored within the attributes, as well as the effectiveness of either safety incentive
or disincentives. With the recent COVID-19 pandemic, and a company’s safety largely in
the hands of their employees and subsequent willingness to test, there should be a surplus
of data within industry to explore incentive factors.

The framework is complimentary to companies that have already adopted a safety
management system in line with BSI’s three essential elements (Product, Process, and
People) such as ISO 45001. This is an advantage to said companies as they are already
aligned to the foundation of the Safety Framework, however this is a disadvantage to
companies whose safety management system is derived from other principles.

A final limitation of the framework is the number of third level attributes that require
on-site evaluation. Alternatively, the digital push that COVID-19 encouraged (to mitigate
germ spread) could combat this timely issue. Shop floor tablets, pooled laptops and
personal devices mean digital auditing is a far more accessible option than ever before.

Future work could focus on retrieving more industry-SQEP opinions, further defining
the criteria for scoring the different elements, and testing the validity of the framework on
more facilities in the metal manufacturing industry.

Future work should also explore interactions between attributes, as understanding
how different elements influence each other could offer deeper insights into systemic safety
risks and intervention points.

It would be particularly interesting to approach elements of the Safety Framework
audits from a factorial design method as opposed to experimental design. Looking at
interactions between some of the attributes may yield useful trends, indicating facility
future focus areas to de-risk. However, careful consideration would need to be made in
terms of timeframes as factorial design can be costly and impractical.

Another topic of future research could delve further into the employee wellbeing
attribute. Many businesses enforce thresholds on e.g., alcohol and drugs to safeguard
against the effects these have on human physical and cognitive performance. Research
has proven the significant effect that fatigue and alcohol have on human performance [41].
Artisan manufacturing plants with limited onsite robotics (due to perhaps long lead items
or complex product manufacture) may have a lack of automation. This can result in a
heavy reliance on human performance, making employee wellbeing (including workplace
fatigue) a critical factor in the safety of the company employees. An individual’s sleep
duration and quality cannot be controlled as easily as their decision to ingest/not ingest a
substance. It would be interesting to explore whether there are particular groups at-risk.

Additionally, while the current validation was conducted through industry expert in-
terviews to ensure the framework’s relevance, future work should incorporate case studies
with descriptive and inferential statistical analysis. This would provide deeper insights
into the framework’s effectiveness and strengthen the validation process. Expanding the
validation through empirical data across multiple organisations and industry settings
would enhance the framework’s applicability and generalisability.

Ultimately, the aim is to further update and develop Safety Frameworks across nu-
merous different industry sectors to further reduce accidents and minimise risks in the
workplace. Additionally, the structure of the proposed Safety Framework shows consid-
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erable alignment with elements of CSA Z-767:2024 (Process Safety Management). This
similarity provides external validation of the framework’s comprehensiveness and rele-
vance, particularly for high-risk industrial settings.
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Appendix A
Table A1l. List of key Words.
Keyword Alternatives/Synonyms
Accident * Accidents
Case study
Categor * Category, Categories
Classif * Classification, Classify
Conceptual
Construction
Culture
Defence
Defence-in-depth
Defense
Factor * Factors
Framework * Frameworks, Model
Functional
Industr * Industry, Industries, Industrial
Manage * Management
Manufactur * Manufacture, Manufacturing, Manufactured
Nuclear
Occupation * Occupational, Occupations
Organi * Organisation, Organization
ORSAC Overall Safety Concept
Risk
Safe * Safety
Work * Workplace

Note: The asterisk * symbol acts as a wildcard, representing any number of characters after the root word. For

i

example, if you search for “accident” it would likely return results for “accident”, “accidents”, and “accidental”.
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Table A2. Colour Coding Example of Original Sources.

Original 2nd Level
Attributes

Original Source(s)
Not Relevant,

Remains
Relevant

New 2nd Level Attributes

New Source

High-level
commitment

[42]; [43]; [44]; [45

6.1 Actions to address risks and opportunities [49]
6.1 OH&S objectives and planning to achieve
them [49]

6.1 Hazard identification and assessment of risks
and opportunities [49]

6.1 Determination of legal requirements and other
requirements [49]

6.1 Planning action [49]

3.5 Occupational safety and health management
system in the organisation [50]

[49];
[50];

Organization and
responsibility

45]; [46]; [51]; [52
53]; [31]; [48];

6.2 OH&S objectives [49]
6.2 Planning how to achieve OH&S objectives [49]
3.3 Responsibility and accountability [50]

[49];
[50];

Laws and
regulations

[46]; [53]; [31];

EN 292: Part 1: 1991—Safety of machinery. Basic
concepts, general principles for design [54]

EN 292: Part 2: 1991—Safety of machinery.
Technical principles and specifications [55]

BS EN 1050: 1997—Safety of machinery. Risk
assessment [56]

Risk assessment

[42]; [43]; [46]; [51
53] [31]; [48];

BS EN 292: Part 1: 1991—Safety of machinery.
Basic concepts, general principles for design [54]
BS EN 292: Part 2: 1991—Safety of machinery.
Technical principles and specifications [55]

BS EN 1050: 1997—Safety of machinery. Risk
assessment [56]

Education and
training

[43]; [57]; [46]; [48];
53] [31];

7.1 Resources [49]
3.4 Competence and training [50]

Contractor
management

[42], [46]; [48]; [43];
45 [53]; [31];

8.1 Operational planning and control [49]
8.1 Eliminating hazards and reducing
OH&S risks [49]

5.1 Management of change [49]

5.1 Procurement (General, Contractors, &
Outsourcing) [49]

3.10.5 Contracting [50]

Emergency response

[42]; [46]; [48];
[43]; [51]; |58

8.2 Emergency preparedness and response [49]
3.40 Hazard prevention [50]

Self-inspection

521153

7.3 Awareness [49]

Work permit

[42]; [46]; 52

7.2 Competence [49]
3.4 Competence and training [50]

Safety equipment
management

[42]; 153]; [31];

7.5 Documented information [49]
3.5 Occupational safety and health management
system documentation [50]




Safety 2025, 11, 59

18 of 25

Table A2. Cont.

Original 2nd Level

Original Source(s)
Not Relevant,

Attributes

New 2nd Level Attributes

New Source

Remains

Relevant

Hazardous materials

management
Safety protection [31];
Communication [42]; [46]; [48]; [43]; 7.4 Internal / External communication [49] [49];
471, |58 3.6 Communication [50] [50];
Table A3. Original Safety Framework.
1st Level 2nd Level 3rd Level
. Top Management Commitment
el e Consultation and Participation of Workers
. s Safety Objectives
Organisation and Responsibility Responsibility and accountability
Plan :
. . Legal requirements
Planning Standards Compliance S L, ——
Physical factors (machinery, infrastructure,
. substances)
ISt Ag e Social factors (working time directive, culture)
External factors (weather, emergencies)
Education and Training A Resources' .
Competence and training
Contractor Management Contractor Management
Preparation
Emergency Response Response
Do Recovery & reconstruction
Support & Operation Display
Suspension
Work Permit Permit interaction
Handover/Hand-back
Permit authorisation and supervision
. Internal
Communication
External
Monitoring
Environment Monitoring Measurement
Analysis & Evaluation
Identify Failures (of current SMS)
Study Personnel Investigation

Performance Evaluation

Accident Investigation

Results Communication
Corrective Action
Reports Produced

Safety Audit

Internal
External

Action
Improvement

Continuous Improvement

Technology (machines, materials)

Processes (improved and standardised practices)

People (worker capabilities or competence)

Performance
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Table A4. Post-Validation Safety Framework.

Instructions:

The Safety Framework foundation was built upon Deming’s sequential PDCA improvement cycle, and therefore must
be used in exactly that order i.e., first consult the Plan section (first, second, and then third level attributes), then the

Do section, next the Study section, and finally the Action section.

The Safety Framework is intended to be used as a basis for an internal facility audit, leaving it for the User to decide

whether to qualitatively or quantitatively score each element.

1st Level Attributes

2nd Level Attributes

3rd Level Attributes

Plan
Planning

Personnel Commitment

Top Management commitment
Consultation and participation of workers

Organisation and
Responsibility

Safety objectives
Responsibility and accountability

Standards Compliance

Legal requirements
Other requirements

Risk Assessment

Physical factors (machinery,

infrastructure, substances)

Social factors (working time directive, culture)
External factors (weather, emergencies)

Do
Support & Operation

Education and Training

Available Resources
Competence and training
Employee Support Programme

Contractor Management

Contractor Management

Emergency Response

Preparation
Response
Recovery & reconstruction

Work Permit

Display

Suspension

Permit interaction
Handover/Hand-back

Permit authorisation and supervision

Communication

Internal
External

Study
Performance Evaluation

Environment Monitoring

Monitoring
Measurement
Analysis & Evaluation

Accident Investigation

Identify Failures (of current Safety
Management System)

Personnel Investigation

Results Communication
Corrective Action

Reports Produced

Safety Audit

Internal
External

Action
Improvement

Continuous Improvement

Technology (machines, materials)

Processes (improved and standardised practices)
People (worker capabilities and competence)
Performance
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Table A5. Interview Survey.

1. Interviewee

N

W

'y

a1

What is your job title?

e  [Free text field]

What sector do you work in?
e  [Free text field]

How many years’ experience do you have in your sector?
yy y

o 0-2years 3-5years 6-10years 11-20 years
. Feasibility of the framework content

Is the content relevant?

e Yes

e No

Is the content current?

e Yes

e No

Is the content missing any key factors?
e Yes

If so, please explain:
e No

How could the framework be improved?
e  [Free text field]

. Feasibility of the framework language

Is the content easily understood?

o Yes
e No

How could this be improved?
o  [Free text field]

. Feasibility of the framework presentation

Is the layout clear?

e Yes
e No

How could this be improved?
e  [Free text field]

. Adaptability
Can you think of another industry this framework could be adapted to?

o  [Free text field]

21+ years
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Table A6. Interview Survey Response.

Interview 1

Interview 2

Interview 3

Interview 4

Interview 5

Interview 6

Interview 7

1. Interviewee

Code S1 S1 E1l E2 S3 E1l E3
What sector do you . g . - Engineering/ . . .
work in? Shipbuilding Ship Building Manufacturing Defence Ship Building Defence Public Sector
How many years’
experience do you 0-2 years 6-10 years 6-10 years 3-5 years 6-10 years 3-5 years 21+ years
have in your sector?
2. Feasibility of the framework content
Is the content Yes Yes No Yes Yes Yes Yes
relevant?
Is the content Yes Yes Yes Yes Yes Yes Yes
current?
Yes, mental
wellbeing of our
Yes, I can’t see ?;rclfolsgfisel: ?nkey
. anything about PPE, eeping
Is the content missing N everyone in our
maybe it fits into one No Yes No Yes Yes
any key factors? workplace safe. I
of the current i .
. can’t see anything
categories?
about employee
wellbeing in the
framework.
Some instructions on
how to use the
- References to framework would be I think the
Some more specific relevant documents useful. I'd assume framework is missin
How could the risks around metal To include more A priority list or ) &

framework be
improved?

manufacturing
facilities, it still seems
quite generic

factors relating to
culture and people.

ranking of each
factor.

might be useful
(although this may
clutter the
framework)

Some context around
each section/level

it’s like a checklist of
things to assess for
each facility. I would
be interested to know
the sources of each
factor.

some specialised 2nd
and 3rd levels for
metal manufacturing
facilities specifically
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Table Aé6. Cont.

Interview 1

Interview 2

Interview 3

Interview 4

Interview 5

Interview 6

Interview 7

3. Feasibility of the framework

Is the content easily

understood? Yes No Yes Yes Yes Yes Yes
I don’t understand I think the Some iustification
It would be good to how to use the safety framework would and c gntext as
How could this be remove the acronym  framework, isita benefit from a mentioned above. The language s

improved?

SMS, or write it out
fully, I don’t know
what this is

checklist? Does it
need accompanying
guidelines? Is there a

No comments made

sentence or two of
context/how it is to
be

Just to be clear how it
relates into the level
above.

easily understood.

The language is clear

final score? used/implemented.

4. Feasibility of the framework
Is the layout clear? Yes Yes Yes Yes Yes Yes Yes

It could be presented Have the layout s

as a tree diagram more clear to the user. The text is a bit out of Li?;lexgiiigs
How could this be working from the top I think the Have reference to It’s a bit blurry when .
. . . focus and on the No comments made colour, a simple black
improved? level down, as framework is clear where you get info . blown up. .
. small side and white table
opposed to i.e. the HSE or who would suffice
left-to-right regulates it etc. ’
5. Adaptability

I think it could be

used in the

textiles/fashion

industry. It would be

good to outline Any of our facilities An o of

attributes that are on site, large I think this Most industries I've con}; ttr};}i tion or
Can you think of specific to the metal steelwork framework could be ~ worked in could I'd imagine any manufacturin
another industry this  industry, so that construction, easily applied to benefit. Heavy manufacturing . &

. . g No . . . . industry could likely
framework could be  other industries woodwork facilities, most manufacturing  engineering such as industry could adopt use this safet
adapted to? would easily know to it would probably and construction ship building would  this framework. framework aZit is

adapt/change that need developing for based industries. especially benefit. . -

specific cat but thi loctrical quite generalised.
pecific category bu anything electrica

could trust that the

rest of the framework
is suitable for their
industry.
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