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Abstract

The aim of this study was to develop a five-layer balanced scorecard (BSC) model for production
safety, expanded to include a digital perspective consistent with the Industry 4.0 concept and to de-
velop a strategy map. This approach enables the integration of strategic and operational objectives, the
identification of cause-and-effect relationships, and their mapping within the structure of key perfor-
mance indicators (KPIs). The research used a literature review, a conceptual approach, and elements
of systems modelling. The research was carried out in close collaboration with a manufacturing com-
pany, allowing the adaptation of the developed model based on actual process data and its partial
verification in a production environment. This solution increased the applicability of the proposed
approach. The research results indicate that expanding the classic Balanced Scorecard with a digital
component enhances the company’s ability to make sound decisions in conditions of rapid develop-

ment and high technological risk.

DOI: 10.30657/pea.2026.32.33

1. Introduction

The growth of modern manufacturing companies is driven
by the need to ensure high quality standards, ever-increasing
competition, pressure to improve operational efficiency, and
the need to maintain stable production process safety (Yang et
al., 2025; Fan et al., 2022). At the same time, enterprises op-
erating in the industrial sector are forced to respond to chang-
ing technological, market and regulatory conditions, which
implies the implementation of modern tools that support stra-
tegic and operational management (Pogodina et al., 2022;
Czerwinska and Pacana, 2022). The integration of various ar-
eas of the enterprise, including technological processes, risk
management, human resources and environmental aspects, is
becoming particularly important (Sa et al., 2025; Ingaldi and
Ulewicz, 2025; Ingaldi and Ulewicz, 2020 ).

A major challenge in the management of modern organisa-
tions is ensuring consistency between the strategic and opera-
tional levels, particularly in matters relating to production
safety. The growing complexity of technological processes,
their high level of automation, and the presence of a large
number of risk factors mean that safety management should
not be treated as a separate area, but should be viewed as an

@ © 2026 Author(s). This is an open access article licensed
under the Creative Commons Attribution (CC BY)

License (https://creativecommons.org/licenses/by/ 4.0/).

integral part of the enterprise management system (Pitelinsky
et al., 2025; Klimecka-Tatar and Niciejewska, 2021). This ap-
proach requires the use of tools that enable the simultaneous
monitoring of a significant number of operational aspects,
along with their interrelationships, thereby facilitating the
identification of cause-and-effect relationships and the mak-
ing of appropriate management decisions (Di Paco et al.,
2026; Gajdzik, 2014).

One of the tools that supports a comprehensive approach to
management is the Balanced Scorecard (BSC), which enables
the translation of a company’s strategy into a set of measura-
ble objectives and key performance indicators (Krylov, 2025;
Dagidir and Ozkan, 2024). The approach is based on analysing
the organisation from complementary perspectives, which
most commonly include the financial perspective, internal
processes, customers, and development (learning and growth).
This concept makes it possible not only to monitor current per-
formance effectively, but also to identify cause-and-effect re-
lationships between activities carried out in different areas of
the organisation (Alanazi, 2025, Ulewicz et al., 2023). In prac-
tice, the BSC is a tool that integrates strategic objectives with
operational activities and supports decision-making processes
(Quesado et al., 2025; Krynke, 2023).
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The aim of this study was to develop a five-layer model of
a balanced scorecard for production safety, extended to in-
clude a digital perspective in line with the Industry 4.0 con-
cept, and to develop a strategy map illustrating the cause-and-
effect relationships between the analysed perspectives.

2. Literature review

The concept of the strategic scorecard is seen as a means of
improving performance and eliminating errors arising from in-
efficient company management (Armijos et al., 2025; Liao et
al., 2025, Dobrovi¢, et al., 2018). The method combines the
process of strategy formulation with that of its implementa-
tion, as it serves not only to make optimal choices and imple-
ment strategies, but also to communicate management’s ex-
pectations and measure progress towards strategic objectives
(Lucyanda et al., 2025). The balanced scorecard is recom-
mended as an effective tool for improving business perfor-
mance by promoting a holistic approach to performance man-
agement that is geared towards sustainable growth (Vuong,
2025; Koleci, 2025).

A consequence of the BSC-based approach adopted is the
need to operationalise the strategy set out therein, which im-
plies the use of appropriate tools to measure and monitor its
implementation. In this regard, indicators that enable the on-
going assessment of the extent to which set objectives are be-
ing achieved and the effectiveness of the actions taken become
particularly important (Larsson et al., 2025).

Key performance indicators (KPIs) are the foundation for
the effective use of the BSC in industrial enterprises, as they
enable strategic objectives to be translated into measurable op-
erational results. The selection of KPIs should be closely
linked to the adopted analysis perspectives, which will ensure
consistency between the adopted strategy and the activities
carried out at various levels of the enterprise (Pacana and
Czerwinska, 2023). It is important that each KPI is directly
linked to the adopted strategic objective and allows for the
monitoring of progress in its implementation (Pacana and
Czerwinska, 2020). At the same time, each of the BSC per-
spectives requires the use of specific KPIs that are appropriate
to the nature of the company’s operations (Martynenko et al.,
2020; Zani et al., 2022; Krynke, 2023 ).

In the practice of manufacturing companies, we are increas-
ingly seeing modifications to the traditional perspectives of
the balanced scorecard. This is achieved by incorporating a
sustainability perspective (Dagidir and Ozkan, 2024), as well
as modifications to the BSC related to eco-management, lead-
ing to the creation of Green Balanced Scorecard (GBSC) mod-
els (Pham et al., 2025) or the development of the Sustainabil-
ity Balanced Scorecard (SBSC) (Lucyanda et al., 2025).
Academic studies also point to the integration of the Sustain-
able Development Goals (SDGs) with the balanced scorecard,
identifying evolutionary trends (Quesado et al., 2025; Gare-
falakis et al., 2025). The direction of BSC development in in-
dustrial enterprises points to its transformation from a perfor-
mance monitoring tool into a comprehensive strategic
management system, taking into account the organisation’s
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impact on its environment. This implies adapting it to prevail-
ing trends in industrial practice and the need to design KPIs
that not only measure operational efficiency but also support
long-term value in environmental and social dimensions.
With the development of digital technologies in manufac-
turing environments and the growing popularity of the Indus-
try 4.0 concept, the standard BSC framework needs to be up-
dated and expanded. Modern industrial enterprises are
increasingly adopting solutions characteristic of this concept,
such as the Internet of Things (IoT), artificial intelligence,
real-time data analysis and systems integrating IT and OT en-
vironments (Czerwinska et al., 2025; Velinov & Konovalova,
2022; Ingaldi & Ulewicz, 2026). These technologies are trans-
forming the way production processes are carried out and in-
fluencing safety management methods by enabling a shift
from a reactive to a predictive and proactive approach
(Miskiewicz and Wolniak, 2020; Krynke, 2021). In response
to current trends in industry, it makes sense to expand the clas-
sic balanced scorecard structure to include an additional digi-
tal perspective. This additional perspective will enable the
consideration of a company’s level of digitalisation, the inte-
gration of systems, and the use of analytical tools to support
production safety management (Krynke, 2021).
Incorporating an additional digital perspective into the BSC
allows for a more comprehensive representation of how mod-
ern industrial enterprises operate and enables the management
model to be better aligned with digital transformation. Fur-
thermore, in the context of ensuring efficiency within produc-
tion safety management, it is appropriate to replace the cus-
tomer perspective with an environmental/operational
perspective, which better reflects the conditions of industrial
enterprises and emphasises the importance of safety aspects
and the impact on the environment. This approach forms the
foundation for developing extended BSC models that integrate
technological, organisational and operational aspects, support-
ing effective production safety management in the face of the
growing complexity of digitalised production processes.

3. Method

The balanced scorecard provides a comprehensive overview
of the effectiveness of the company’s strategy, taking key per-
spectives into account. It should be emphasised, however, that
this is not a method used to develop an organisation’s strategy.
The strategy serves as the starting point for creating a balanced
scorecard. The development of the scorecard is used to moni-
tor the implementation of the adopted strategy and enables its
improvement. The process of creating and applying a balanced
scorecard is illustrated in Figure 1.

The development of a balanced scorecard should be pre-
ceded by the establishment of a task force responsible for co-
ordinating and overseeing the implementation of the entire
process. It is advisable for the team to include representatives
from various levels of management and different areas of the
organisation. A diverse team composition helps to ensure that
multiple perspectives are taken into account and improves the
accuracy of the decisions made.
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The process of creating a balanced scorecard
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Fig. 1. The concept of developing and implementing a balanced scorecard

The work of the appointed team should begin with the de-
velopment of a new or in-depth analysis of the organisation’s
existing vision, mission and strategy. This stage is of key im-
portance, as it forms the foundation for formulating coherent
operational and strategic objectives, which are then cascaded
down to the level of departments, teams and individual em-
ployees. It is important to ensure alignment between objec-
tives at different levels of the organisation, as this supports the
effective implementation of strategic objectives.

The next key step is to identify and define in detail the ob-
jectives and tasks that stem from the strategy. Objectives are
formulated within the framework of four classic perspectives,
namely customer, finance, internal processes and develop-
ment (learning), as well as (in response to contemporary con-
ditions and industry trends) within the framework of an addi-
tional digital perspective, which is consistent with the Industry
4.0 concept. Supplementing the classic perspectives with a
digital perspective enables a comprehensive analysis and inte-
gration of issues relating to digital transformation, automation
and the use of data in the management of an industrial enter-
prise.

Each of the defined objectives should be assigned appropri-
ate Key Performance Indicators (KPIs) that allow for a quan-
titative or qualitative assessment of the level of their achieve-
ment. When selecting indicators, consideration should be
given to data availability, unambiguous interpretation and a
close link to strategic objectives. On this basis, a balanced
scorecard is created, which is a structured set of objectives,
indicators and improvement initiatives.

The management process does not end with the implemen-
tation of a balanced scorecard. It requires systematic monitor-
ing and regular review. Continuous analysis of target achieve-
ment and the relevance of indicators enables the rapid
identification of deviations and the implementation of appro-
priate preventive and corrective actions. The need for modifi-
cation may arise, amongst other things, from errors at the de-
sign stage, inappropriate setting of target levels, changes in the
industry and market environment, dynamic competitive con-
ditions, as well as the occurrence of unforeseen events.

As a result of the correct and consistent use of the balanced
scorecard, management gains not only a control tool but also
a comprehensive system supporting strategic management. It
enables ongoing control over the implementation of tasks and
objectives, oversight of the relevance of indicators in a chang-
ing industrial environment, and monitoring of progress within
the analysed perspectives; ultimately, it allows for the verifi-
cation of the effects of implementing an industrial enterprise’s
strategy.

4. Results and discussion

The research was conducted in close collaboration with an
industrial foundry company based in south-eastern Poland.
This enabled the development of a model based on the specific
characteristics of the actual production processes and the or-
ganisational and technological conditions of the entity under
analysis. The research utilised process data relating, amongst
other things, to equipment operating parameters, safety-re-
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lated incidents and selected environmental aspects. This ap-
proach enabled the model structure (a correlated strategic map
with an extended version of the sustainable scorecard) and the
proposed KPIs to be appropriately adapted to the company’s
operating conditions. The approach adopted helped to pre-
serve the model’s applicability and ensured its alignment with
industrial practice, whilst enabling a preliminary assessment
of its usefulness in supporting decision-making processes in
the field of production safety.

Following the developed model requires the identification
of a set of KPIs that enable the measurement, analysis and as-
sessment of production safety levels within a foundry. The se-
lection of appropriate indicators was carried out taking into
account the specific nature of the company and the foundry
processes carried out there, which are characterised by a sig-
nificant level of technological risk, associated, amongst other

things, with the effects of high temperatures, working with
molten metal and the emission of harmful substances.

The set of KPIs was developed based on the principles and
logic of the balanced scorecard, taking into account both fi-
nancial and non-financial indicators assigned to the key per-
spectives of the company’s operations. The classic approach
is complemented by the digital perspective (Industry 4.0),
which highlights the significant role of modern technologies
in monitoring, analysis and decision support in the area of
safety, as well as in the digital transformation of enterprises.

Table 1 presents the set of KPIs developed, which provides
a summary of the key indicators that determine the level of
production safety in a foundry. The table also includes an in-
terpretation of the indicators and outlines the potential uses of
digital tools to support their measurement and analysis.

Table 1. Key performance indicators in the BSC model for production safety, with an extension to include the digital perspective

Reasons for the choice

The use of Industry 4.0 technol-
ogy

BSC per- KPI Unit
spective
_ Cost of workplace accidents PLN / year
<
Q
§ Cost of furnace downtime PLN / hour
= - i .
Cost of non gonformmg cast PLN / year
ings
Number of accidents (LTI) number
72}
[}
2 Number of near-miss inci-
o number
o dents
a
= MTBEF for furnaces and ma-
s hi hours
5 chinery
=
- MTTR (mean time to repair) hours
- Number of specialist health number /
& § and safety training courses year
H 2
= Accident-related absence rate percent
L Emissions of dust and gases mg/m3
2 £
L% qé Level of employee exposure mg/m*/
to harmful factors ppm /°C
Number of predictive failure
number
alerts
) .
< Response time to threats second
=
é Level of digitalisation of secu-
& . percent
= rity processes
E Proportion of automatically
é" detected incidents percent
Level of IT/OT system inte-
gration percent

The direct impact of safety on costs

A critical cost in foundry operations

The link between quality and process
safety

A key safety indicator
Early identification of risks
Reliability of critical equipment
Efficiency of response to breakdowns

Critical factors when working with
molten metal

Consequences of hazardous incidents

One of the main hazards in foundries

The direct impact of environmental
conditions on workers’ health and
safety

Early detection of hazards
Key to minimising the impact of inci-
dents

The extent to which digital solutions
have been implemented

The effectiveness of threat detection
systems

The consistency of data flow within
the organisation

Integration with ERP systems and
cost data analysis
Real-time furnace monitoring
(IoT)

Quality analysis systems based on
Al and computer vision
Digital incident reporting and
analysis systems
Mobile apps and reporting plat-
forms

Predictive maintenance (IoT, Al)

CMMS/MES systems supporting
maintenance management

VR/AR training and e-learning
platforms

HR analytics systems

Environmental sensors and real-
time emissions monitoring

Workplace monitoring systems
(IoT, wearable sensors)

Al / Machine Learning algorithms

Real-time analytics systems

Integration of MES, SCADA and
IoT systems

Al, computer vision, detection
systems

ERP-MES-SCADA integration
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The set of KPIs presented in Table 1 reflects a comprehen-
sive approach to production safety management in an indus-
trial enterprise, taking into account the specific nature of the
technological processes carried out and potential hazards. Ex-
tending the classic balanced scorecard structure by incorporat-
ing an additional digital perspective (Industry 4.0) highlights
the significance of this element within modern enterprise man-
agement systems. This approach enables a comprehensive as-
sessment of the level of production safety, the company’s
technological maturity, and the effectiveness of Industry 4.0
tools within its management framework. The addition of this
perspective goes beyond the traditional approach of merely
monitoring current events. It enables the prediction of risks
and the proactive implementation of preventive measures,
which significantly strengthens the enterprise’s ability to ef-
fectively manage safety in a digital environment.

In the context of KPI-based management, the ‘Industry 4.0
Adoption’ column (Table 1) is also of significant importance,
as its contents highlight potential technological solutions that
support the management process through KPIs. The proposed
tools, such as IoT systems, artificial intelligence, real-time
data analytics, and MES and ERP systems, enable automation
in data collection, enhance data reliability, and allow for a re-
duction in response times to emerging threats. Thanks to the
implementation of Industry 4.0 tools, KPIs cease to serve a
purely monitoring function and instead form part of a dynamic
decision support system.

The integration of indicators with digital solutions supports
the development of a data-driven management environment,
within which it is possible to identify cause-and-effect rela-
tionships and continuously improve processes. As a result, the
developed set of KPIs can serve not only as a tool for moni-
toring and assessing safety levels, but also as a basis for im-
plementing improvement and optimisation measures, as well
as for enhancing an industrial enterprise’s resilience to tech-
nological risks.

The set of KPIs presented in Table 1 serves as a starting
point for analysing the interrelationships between the various
areas of production safety management. While defining the in-
dicators themselves is important in terms of measuring effec-
tiveness, it does not fully capture the dynamics of a safety sys-
tem based on the interrelationships and interactions between
processes, technology and resources.

To illustrate these relationships and identify the mechanisms
through which key factors (defined by the KPIs) influence the
level of production safety, a strategy map has been drawn up
using the balanced scorecard approach (Figure 2). The map
developed enables the mapping of cause-and-effect relation-
ships between the KPIs included in the individual perspec-
tives, indicating how actions implemented at the technological
and operational levels translate into the results achieved by the
company.

The structure of the strategy map (Figure 2) reflects a logical
cause-and-effect relationship, whereby actions taken at lower
levels determine the outcomes achieved at higher levels.

The starting point for analysing the relationships and mech-
anisms through which key factors influence production safety
levels is the employees’ perspective (Figure 2). This includes

indicators such as the number of specialist health and safety
training sessions and the accident-related absence rate. These
KPIs reflect the level of risk awareness, competence and em-
ployee engagement in identifying hazardous situations. An in-
crease in the number of training sessions helps to reduce the
number of actual accidents and stabilise operational processes.

The internal processes perspective (Figure 2) includes key
operational indicators such as: the number of near-miss inci-
dents, MTBF for furnaces and machinery (mean time between
failures), MTTR (mean time to repair), and the number of ac-
cidents (LTI). The values of these indicators are directly influ-
enced by activities undertaken as part of hazard identification
and human resource management. The near-miss indicator has
been assigned to the internal processes perspective, as it re-
flects the effectiveness of the hazard detection and reporting
system, whilst being strongly linked to the level of employee
engagement and awareness (the employee perspective). In-
creased equipment reliability (MTBF) and reduced response
times to breakdowns (MTTR) lead to a reduction in the num-
ber of accidents and incidents and, consequently, improved
production continuity.

An important element of the strategy map (Figure 2) is the
digital perspective, which is closely linked to current trends in
the manufacturing sector associated with the Industry 4.0 con-
cept. This perspective serves an integrating and supporting
function for the other areas. It includes operational indicators
such as the number of predictive failure alerts and response
time to threats, as well as indicators of digital maturity, includ-
ing the level of IT/OT system integration, the level of digiti-
sation of safety processes, and the proportion of events de-
tected automatically. The extent of IT/OT system integration
is a prerequisite for the digitisation of security processes,
which in turn enables the implementation of advanced mech-
anisms for the automatic detection of incidents. Consequently,
an increase in the digital maturity of an industrial enterprise
leads to more effective threat identification and a reduction in
operational risk. A carefully selected set of indicators within
the digital perspective enables a shift from a reactive to a pre-
dictive and proactive strategy, which enhances the effective-
ness of threat identification and supports real-time decision-
making.

The environmental perspective focuses on two complemen-
tary indicators: emissions of dust and gases, and the level of
worker exposure to harmful factors. The first KPI indicates the
impact of foundry operations on the external environment,
whilst the second indicator relates directly to working condi-
tions and worker health. Taking both KPIs into account pro-
vides a more complete picture of the relationship between the
working environment and production safety. It also indicates
that reducing emissions and monitoring exposure levels con-
tribute to reducing health risks, lowering staff absenteeism,
and improving the overall level of safety and operational sta-
bility of the company. The indicator measuring the level of
employee exposure to harmful factors in the presented frame-
work of interdependencies acts as an intermediate link be-
tween pollutant emissions and the health consequences for
staff and operational consequences.
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Financial perspective

Cost of accidents

at work

Cost of furnace
downtime

Cost of non-

conforming castings

Low operating costs
A
|
Environmental/ operational perspective
Dust and gas emissions > Level of employee exposure to
harmful factors
4
Digital perspective (Industry 4.0)

Predictive failure alerts —  » Response time to a threat
Level of IT/OT Digitisation of Proportion of events
system integration security processes detected automatically
1 1 1

Perspective of internal processes
—» Number of near- MTBF of MTTR Number of [
miss incidents [ furnacesand | | (meantime | | accidents

machines to repair)

A A A A

I I I I
Employee perspective

Specialist Health and Accident absence
Safety Training rate

Fig. 2. Strategy map for production safety in a foundry

At the highest level of the strategy map (Figure 2) is the fi-
nancial perspective, which takes into account the costs of
workplace accidents, furnace downtime and casting shortages.
The KPIs listed here provide a summary of the effectiveness
of the measures implemented at lower levels. Improvements
in production safety, increased process reliability and the use
of digital technologies contribute to a reduction in financial
losses (low operating costs) and an increase in the operational
efficiency of an industrial enterprise.

The use of a strategy map allows for a clear illustration of
the cause-and-effect relationships between the specified per-
spectives and key performance indicators. This approach fa-
cilitates a better understanding of the mechanisms that shape
the level of production safety. Visualising these relationships
aids the accurate identification of key areas for intervention,
which supports decision-making processes and promotes the
implementation of a data-driven management approach. Con-
sequently, this approach leads to increased efficiency and re-
silience of an industrial enterprise against technological risks.

To determine the level of safety before and after the imple-
mentation of the presented model, a production safety index
(WBP) was developed — a composite indicator that aggregates
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the values of defined KPIs from a multi-perspective approach.
This approach enables the comparison of indicators with dif-
ferent units and a comprehensive assessment of the level of
production safety. The construction of the WBP involved
three stages.

KPI normalisation (step 1) involves converting the values of
individual indicators to a uniform, dimensionless scale (0;1),
where: 0 — very poor; 1 — very good, using appropriate math-
ematical relationships. For indicators where a higher value is
favourable (stimulants: number of near-miss incidents, mean
time between failures, number of health and safety training
sessions, number of predictive failure alerts, level of digitisa-
tion of safety processes, proportion of automatically detected
incidents, level of IT/OT system integration), the following
formula is applied:

__ thewvalue achieved — minimum value (1)

For indicators where a lower value is desirable (destimu-
lants: number of accidents, time taken to rectify faults, acci-
dent-related absence rate, emissions of dust and gases, level of
employee exposure to harmful factors, cost of workplace ac-
cidents, cost of furnace downtime, cost of non-conforming

t maximum value—mminimum value
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castings, response time to hazards), the following formula is
used:

__ maximum value — the value achieved

X ()

Step 2 involves assigning weights to individual KPIs, re-
flecting their importance in assessing the level of production
safety. In this study, it has been assumed that all KPIs have
equal weighting, which allows the model to remain neutral.
This means that each indicator contributes equally to the final
value of the WBP indicator.

It should be emphasised, however, that in industrial practice,
weights may be defined on a case-by-case basis for a given
company. The determination of weights may be based on ex-
pert knowledge using multi-criteria methods such as AHP,
fuzzy AHP, ANP or DEMATEL. Additionally, sensitivity
analysis enables the assessment of the impact of changes in
weights on the final value of the WBP index and the identifi-
cation of indicators of greatest significance for production
safety. Assigning different weights to individual KPIs allows
for a better reflection of the actual significance of the analysed
safety areas under the specific operating conditions of a man-
ufacturing company. In practice, however, not all indicators
have the same impact on safety levels; therefore, greater
weight can be assigned to KPIs related to critical processes,
the risk of failure or employee safety.

However, the study opted to apply uniform KPI weights,
which allowed the model to retain its universal and neutral

maximum value—minimum value

Table 2. Normalisation of the identified KPIs

character and simplified the calculation procedure. This ap-
proach also facilitates the implementation of the model and its
adaptation across various manufacturing companies, regard-
less of their organisational and technological characteristics.

Step 3 involves calculating a synthetic production safety in-
dex by aggregating the normalised values of the individual
KPIs. If equal weights are applied to all indicators, the index
value is determined as the arithmetic mean of their normalised
values, according to the formula:

3)

where: xi — normalised value of the i-th KPI, n — number of
indicators analysed.

In general terms, taking the weights into account, the index
can be expressed as:

WBP = YL w; " x; 4)

Assuming equal weights, the following holds: w; =%,

which simplifies the calculations to an arithmetic mean. This
approach ensures transparency and makes the results easy to
interpret, whilst enabling a comprehensive assessment of pro-
duction safety levels based on a wide range of indicators.

For the calculation of the PSS indicator, the values of indi-
vidual KPIs were collected and analyzed. Table 2 presents the
normalized values of the KPIs divided into stimulants (1) and
destimulants ().

KPI Value Before Xi Following Xi
Min Max implementation  before  implementation after
Cost of workplace accidents (]) 200 500 420 0.27 280 0.73
Cost of furnace downtime (|) 400 700 650 0.17 480 0.73
Cost of non-conforming castings (|) 700 1000 900 0.33 720 0.93
Number of accidents (LTI) (|) 5 15 12 0.30 8 0.70
Number of near-miss incidents (1) 20 80 45 0.42 78 0.97
MTBF for furnaces and machinery (1) 100 200 120 0.20 165 0.65
MTTR (mean time to repair) (|) 3 8 6 0.40 4 0.80
Number of specialist health and safety training 10 35 18 0.32 30 0.80

courses (1)

Accident-related absence rate (]) 3 6 5.2 0.27 3.8 0.73
Emissions of dust and gases (|) 50 100 85 0.30 65 0.70
Level of employee exr()(l))sure to harmful factors 50 20 70 0.33 55 0.83
Number of predictive failure alerts (1) 10 50 15 0.13 42 0.80
Response time to threats (|) 60 150 120 0.33 70 0.89
Level of digitalisation of security processes (1) 30 80 45 0.30 70 0.80
Proportion of automatically detected incidents (1) 20 70 30 0.20 65 0.90
Level of IT/OT system integration (1) 30 80 40 0.20 75 0.90

The data presented in Table 2 relate to a specific manufac-
turing company and are provided by way of example. The
main aim of this study is to present the proposed methodology;
the numerical values themselves are of secondary importance.
The actual KPI values should be entered individually by the
users of the model, which will enable a proper assessment of

the safety level and the implementation of rational improve-
ment measures tailored to the specific characteristics of the
company in question.

In step 2, which involves assigning weights, the study as-
signed equal weights to all KPIs, meaning that each KPI has
an identical impact on WBP:

—=0.0625
In step 3, the WBP index is calculated:

w; =

)
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e calculating the sum of all normalised KPI values (xi):
before implementation: ), x; = 4.17  (6)

following implementation: ), x; = 12.86 (7)

e calculation of WBP:
before implementation: WBP = % = 0.28 (8)
following implementation: WBP = % = 0.80 (9)

The interpretation of the safety level result was based on the
ranges shown in Table 3.

Table 3. Interpretation of WBP results

WBP Security Description
level
0-0.04 low High risk, lgck of effecnve.process con-
trol, predominance of reactive measures.
0.04 — medium Partial process control; the safety system
0.70 requires further improvement.
0.70 — hich Effective safety management, a proactive
1.00 & approach and the use of digital tools.

The results obtained indicate a marked improvement in pro-
duction safety, as evidenced by the rise in the WBP ratio from
0.28 to 0.80. This change reflects a significant reduction in
operational risk and an improvement in the stability of produc-
tion processes. The result achieved also indicates better con-
trol over processes, an increase in the effectiveness of preven-
tive measures, and an improvement in the company’s ability
to identify and minimise risks.

5. Summary and conclusion

The aim of the research was to develop an integrated model
of a sustainable scorecard for production safety, which takes
into account both strategic and operational aspects of manage-
ment, whilst addressing the challenges associated with the dig-
ital transformation of enterprises in the context of Industry 4.0.
The research was designed to present a tool enabling decision-
making in conditions of increased technological risk and dy-
namic changes in production processes within enterprises in
the foundry industry.

As part of the research, a set of key performance indicators
(KPIs) was developed based on the principles of a balanced
scorecard, extended to include a digital perspective, reflecting
current trends in industrial enterprises. Furthermore, a strategy
map was created which defines the relationships between KPIs
and enables the identification of mechanisms through which
key factors influence production safety levels. The developed
map enables the mapping of cause-and-effect relationships be-
tween the KPIs included in the individual perspectives, indi-
cating how actions implemented at the technological and op-
erational levels translate into the results achieved by the
company.

The proposed model may be useful for production manag-
ers, industrial safety specialists and analysts involved in risk
and process management within industrial enterprises. Future
research will focus on adapting the model to the specific char-
acteristics of various industrial sectors and on analysing the
impact of organisational culture and employee competencies
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on the effectiveness of implementing the concept of an ex-
tended balanced scorecard in industrial practice.
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