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DIVERGING PATHS TO ORGANIZATIONAL RESILIENCE: THE
ROLE OF DYNAMIC MANAGERIAL CAPABILITIES, BENEVOLENT
LEADERSHIP, ORGANIZATIONAL UNLEARNING AND
PARADOXICAL THINKING

Tomasz Ingram”

The University of Economics in Katowice, Faculty of Economics, Poland

Abstract: This paper investigates the determinants of organizational resilience, defined as the
capacity to effectively counter and respond to external threats through organizational processes
and strategic posture, and to recover from unexpected crises. It examines the role of dynamic
managerial capabilities, leading to benevolent leadership, organizational ability to unlearn
ineffective practices and processes, and handling strategic paradoxes, which collectively enable
effective strategies for countering unexpected adversities. It argues that environmental
dynamism (changeability) significantly influences the effectiveness of the aforementioned
determinants of organizational resilience. Drawing on data collected from 379 Polish
organizations between September and November 2023, the study tests these relationships using
structural equation modeling (SEM). To further explore these complex relationships, fuzzy set
qualitative comparative analysis (FSQCA) is employed to validate the SEM results. The
findings indicate that dynamic managerial capabilities, coupled with benevolent leadership and
organizational unlearning, contribute to increased organizational resilience, particularly in
dynamic environments. However, paradoxical thinking has a minor inhibitory effect on
organizational resilience. FSQCA analyses corroborate the SEM results but underscore the
importance of deeper consideration of complexity in management studies.

Keywords: Organizational resilience, dynamic managerial capabilities, structural equation
modeling, fuzzy set qualitative comparative analysis.

1. INTRODUCTION

Organizational resilience, often defined as an organization's capacity to effectively
manage and overcome adversities (Weick, 1993, 2024), has garnered significant attention from
both practitioners and scholars alike (Williams et al., 2021). The growing prevalence of external
and internal challenges and disruptions has fueled interest in this concept (Danes et al., 2009;
Williams & Shepherd, 2016; Clément & Rivera, 2017;). In this paper, organizational resilience
is conceptualized following Duchek's (2020) framework, which views it as the organizational

* Corresponding author: tomasz.ingram@uekat.pl
Tomasz Ingram, ORCID: 0000-0002-4161-6261
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ability to anticipate potential threats, navigate unforeseen adversities effectively, and adapt to
evolving conditions.

Irrespective of an organization's size or tenure, there's a concerted effort to cultivate
capabilities geared towards weathering crises stemming from unpredictable environmental
dynamics. While the manifestations of organizational resilience are observable during
disruptions, there exists ongoing debate regarding the determinants of these critical
organizational capabilities.

Organizational resilience may stem from various preconditions, yet researchers diverge
in their conclusions regarding the organizational contexts that foster resilience. Consequently,
this paper aims to address this research gap by examining how dynamic managerial capabilities,
benevolent leadership, organizational unlearning, and paradoxical thinking, within the context
of environmental dynamism, interact and influence organizational resilience.

To achieve this objective, data from 379 Polish organizations are analyzed using
structural equation modeling (SEM). To ensure the robustness of the findings, SEM results are
cross-validated with those obtained through fuzzy set qualitative comparative analysis. The
ensuing discussion encompasses hypotheses derived from a literature review, methodological
considerations, and implications, thus paving the way for future research directions.

2. LITERATURE REVIEW AND HYPOTHESES
2.1. Organizational resilience — the rise of interest

The concept of organizational resilience has surged in prominence in recent decades.
Initially rooted in fields such as psychology and disaster management, the notion gradually
permeated organizational studies, driven by a growing recognition of the need for businesses to
navigate an increasingly complex and turbulent environment. One of the primary catalysts for
the rise of organizational resilience is the frequency and severity of disruptions faced by
businesses worldwide (Hillman & Guenther, 2021). These disruptions span a spectrum of
sources, including natural disasters, economic downturns, geopolitical instability, technological
advancements, and pandemics (Linnenluecke, 2017). The escalating interconnectedness of
global economies and markets has amplified the ripple effects of such disruptions, underscoring
the imperative for organizations to fortify their resilience.

Simultaneously, advances in technology and communication have accelerated the pace
of change, fostering a dynamic and unpredictable operating environment (Vrontis et al., 2022).
Organizations are confronted with rapid shifts in consumer preferences, market dynamics,
regulatory frameworks, and competitive landscapes. In current conditions, the ability to
anticipate, adapt, and recover from shocks is of a great importance (Andersson et al., 2019).

Scholars and practitioners have responded to these imperatives by delving deep into the
topic, seeking to unveil its antecedents, manifestations, and implications (Duchek, 2020). This
interest has spawned a rich body of literature, encompassing diverse disciplines such as
management, strategy, psychology, or sociology (Hepfer & Lawrence, 2022). Researchers
have developed frameworks, models, and tools to conceptualize, measure, and enhance
organizational resilience, offering valuable insights to guide managerial practice (Chen et al.,
2021).

In sum, the rise of the notion of organizational resilience reflects a fundamental shift in
how organizations perceive and respond to uncertainty and adversity. It emphasizes the
recognition that resilience is not merely a desirable trait but a strategic imperative for survival
and success in today’s turbulent business landscape. However, the most important question
remains, so far, unanswered. How does other organizational properties, strategies, and
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processes enable organization to become resilient. This is the question about determinants of
this important phenomenon.

2.2.0n (numerous) determinants of organizational resilience

Pal et al. (2014) prepared a long list of organizational resilience enablers. In the paper,
I focus on just a few of them — namely dynamic managerial competencies, as swift leaders
manouver challenges effectively enabling the preparation of organization; leadership, which
enables employees in making effective decision-making under pressure, organizational
learning, as it creates the foundation for resilience to occur (Weick, 1993); and managing
paradoxes by appropriate posture —while the increasing complexity requires effective balancing
of competing tensions and contradictions (Hargrave & Van de Ven, 2017).

Firstly, dynamic managerial capabilities play a pivotal role in shaping organizational
resilience by equipping leaders with the agility, foresight, and adaptability needed to navigate
turbulent environments effectively (Helfat & Martin, 2015). These capabilities encompass a
spectrum of competencies, including strategic visioning, decision-making agility, change
leadership, and resource allocation acumen. Leaders adept in dynamic managerial capabilities
exhibit a heightened capacity to anticipate emerging threats, seize opportunities, and mobilize
organizational resources swiftly in response to changing circumstances. By fostering a culture
of innovation, learning, and experimentation, these leaders cultivate organizational agility,
enabling their teams to pivot rapidly in the face of disruptions. Moreover, dynamic managerial
capabilities facilitate the alignment of organizational strategy with external realities, ensuring
that businesses remain responsive and resilient amidst shifting market dynamics and
competitive pressures (Huynh et al., 2022). In essence, by fostering a proactive and adaptive
leadership ethos, dynamic managerial capabilities empower organizations to thrive in the
landscape characterized by uncertainty and complexity. On this basis | formulate the first
hypothesis:

H1: Dynamic managerial capabilities are positively linked organizational resilience.

Dynamic managerial capabilities are intertwined with leadership, and it may be argued,
that benevolent leadership, as leaders with dynamic capabilities often demonstrate empathy,
compassion, and a genuine concern for the well-being and development of their employees,
fostering a supportive and nurturing work environment (Karakas & Sarigollu, 2012). This
benevolent leadership style, coupled with dynamic managerial capabilities, fosters a culture of
trust, collaboration, and psychological safety within the organization, which in turn enhances
employee morale, engagement, and commitment. As a result, employees are more likely to
demonstrate resilience in the face of adversity, proactively problem-solve, and adapt to
changing circumstances, ultimately bolstering the overall resilience of the organization
(Nonaka et al., 2016). This leads to the following two hypotheses:

H2: Benevolent leadership is positively linked to organizational resilience, and

H3: Benevolent leadership mediates the relationship between dynamic managerial
capabilities and organizational resilience.

Further, dynamic managerial capabilities stimulate organizational unlearning, perceived
as abandoning ineffective practices, routines and processes to create a space for new solutions
(Tsang & Zahra, 2008), by encouraging a culture of openness to new perspectives,
experimentation, and reflection, which prompts individuals and teams to challenge existing
assumptions, routines, and mental models. This process of organizational unlearning facilitated
by dynamic managerial capabilities enables the organization to shed obsolete practices, beliefs,
and strategies, thereby enhancing its ability to adapt to evolving conditions and respond
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effectively to disruptions, ultimately strengthening its resilience in the face of uncertainty and
change. This leads to the following two hypotheses:

H4: Organizational unlearning is positively linked to organizational resilience, and

H5: Organizational unlearning mediates the relationship between dynamic managerial
capabilities and organizational resilience.

Finally, managers encompassing dynamic managerial competencies are able to
encourage employees to think differently — look at the problem from different perspectives.
Paradoxical thinking, understood as ability to perceive the reality from different standpoints,
balancing contradictive tensions, enable organization to become more resilient in the face of
crisis (Forster et al., 2022). This leads to the next two hypotheses:

H6: Paradoxical thinking is positively linked to organizational resilience, and

H7: Paradoxical thinking mediates the relationship between dynamic managerial
capabilities and organizational resilience.

Finally, organizations do not operate in a vacuum. Since the dynamism of the
environment pose significant challenges on the everyday’s life, it may be assumed that the
dynamism of the environment effectively changes — moderates — the effectiveness of
organizational endeavours, and affects the company handles adversities and crises (Do et al.,
2022). This enables formulation of a final hypothesis:

H8: Environmental dynamism moderates relationships between benevolent leadership,

organizational unlearning, paradoxical thinking and organizational resilience.

3. METHODOLOGY
3.1. Sample characteristics

To test the research hypotheses, | employed a quantitative research approach based on
empirical data gathered from companies’ representatives. In the first step, a questionnaire
reflecting the tested variables was created (the research model was operationalized), which was
later distributed to a random sample of 1000 companies selected from a database containing
10,009 entries in September 2023. Simultaneously, a second sample of the same size was
randomly selected from the database. Questionnaires were sent to the representatives of the first
sample. If the selected company from the first sample did not agree to participate in the study,
the questionnaire was then sent to a company from the second sample marked with the same
number. In this manner, 402 questionnaires were gathered, from which 379 were included in
the final sample. Questionnaires with missing data or assessed as non-reliable (for example,
containing the same answers for all the questions) were removed from the sample. This yielded
a rather unimpressive effective response rate of nearly 20%, which is consistent with other
studies.

In the sample, there were 72 trading, 193 service, 35 production, and 79 mixed-type
companies. 100 respondents declared that their companies operate locally, 71 had regional
reach, 130 were reaching customers nationally (in Poland), and there were also 63 international
and 15 global companies. The median size of the studied organizations equaled 14, with a mean
equal to 241 and a standard deviation of 1155. The smallest company employed just 2 people,
while the largest employed more than 17,000, indicating a highly skewed sample (skewness =
10.069) and kurtosis equaled 129, signifying that the distribution of the data is non-normal.

Considering the age of organizations, the median equaled 16 with a mean equal to 19.91
years, and a standard deviation of 18.3. Skewness equaled 3.81 with kurtosis of 23.93. 178
companies were family-owned, and 201 were non-family businesses.
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3.2. Measures

The main dependent variable, organizational resilience, was measured using the
questionnaire proposed by Orth and Schuldis (2021), composed of 8 items measured on a 7-
point Likert scale. Cronbach’s alpha for the scale equaled 0.873. Exploratory factor analysis
(KMO = 0.880, Bartlett’s test: chi-square = 1351.35 with 28 degrees of freedom, p < 0.001)
revealed that organizational resilience is a unidimensional construct, and one factor explains
roughly 54% of the variance of all the items.

Dynamic managerial capabilities were measured using a 6-item research tool measured
on a 7-point Likert scale, previously developed and tested by Schilke (2014). Cronbach’s alpha
equaled 0.837, but one item reflecting the diversification of staff in a company was removed
after the analysis. Its removal improved the value of alpha to a more respectable level of 0.876.
Exploratory factor analysis (KMO = 0.849, Bartlett’s test: chi-square = 937.86, with 10 degrees
of freedom, and p < 0.001) revealed that one factor explains over 67% of the items’ variance.

Benevolent leadership was operationalized following the framework proposed by
Cheng et al. (2004). The scale, comprising 11 items, demonstrated high internal consistency
(Cronbach’s alpha = 0.946) and constituted a unidimensional construct (KMO = 0.940; approx.
chi-square = 3453.235 with 55 degrees of freedom, p < 0.001), explaining over 66% of the
cumulative variance of the items.

Organizational unlearning was measured using the scale developed by Lyu et al. (2020),
composed of 6 items measured on a 7-point Likert scale. Cronbach’s alpha for the scale
accounted for 0.899, signifying high reliability of the construct. Exploratory factor analysis
(KMO = 0.865, Bartlett’s test: chi-square = 1368, with 15 degrees of freedom, p < 0.001)
showed that organizational unlearning is a unidimensional construct, and one factor explains
over 66.5% of the variance of all the items.

Paradoxes were measured using the scale previously created by Ingram et al. (2016),
composed of 6 items measured on a 7-point Likert scale. Cronbach’s alpha for the scale was
not satisfactory, equalling 0.642. However, after removing the first item, the value of the
coefficient increased to 0.685 — still below the 0.7 cut-off line, but such values can be cautiously
included in the research. Exploratory factor analysis for the scale revealed it is a unidimensional
construct, with one factor explaining 45% of the cumulative variance.

Finally, environmental dynamism was measured using a 5-item long scale developed
and tested by Kwiotkowska (2018). Cronbach’s alpha for the scale equaled 0.780, and
exploratory factor analysis revealed that a single construct explains nearly 54% of the
cumulative variance of all the items (KMO = 0.747, Bartlett’s test: chi-square = 540.68, with
10 degrees of freedom, p-value < 0.001).

4. RESEARCH RESULTS

The initial phase of the analysis involved examining a model consisting of six
components: organizational resilience as the dependent variable, dynamic managerial
capabilities as the primary independent variable, and paradoxical thinking, organizational
unlearning, and benevolent leadership as mediators, with environmental dynamism serving as
a moderator. This phase aimed to investigate correlations between the variables. Spearman’s
rank correlation coefficients, along with descriptive statistics, were calculated for this purpose.
Metavariables were computed as the mean of all the items comprising the variable. The findings
are summarized in Table 1.
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Table 1. Spearman’s rank correlations and descriptives

1 2 3 4 5 6 7 8
1. Organizational resilience 1,000
2. Dynamic managerial capabilities ,594™ | 1,000
3. Benevolent leadership ,589™ | ,343™ | 1,000
4. Organizational unlearning ,696™ | ,469™ | ,490™ | 1,000
5. Paradoxical thinking -073 | -,098" | -,024 | -,079 | 1,000
6. Environmental dynamism ,418™ | ,183™ | ,308™ | ,274™ | ,108" | 1,000
7. Log size -,207" | -,006 |-,335™(-107" [ ,043 [-,184™| 1,000
8. Log age -,107" | -,097" | -,195™ | -, 127" | ,015 | -,115" | ,521™ | 1,000
Mean 518 | 494 | 470 | 507 | 314 | 488 | 1,25 | 117
Sd 090 [ 090 | 121 | 104 | 063 [ 097 | 082 | 035

** _ correlation significant at p<0.01, single-tailed; * - correlation significant at p<0.05, single-tailed, n=379.

Spearman’s rank correlations were chosen due to the non-normal distribution of the
studied variables, and single-tailed p-values were used for calculating correlations. Examining
the correlation table reveals relatively high relationships between organizational resilience and
dynamic managerial capabilities (p = 0.594, p < 0.01), benevolent leadership (p = 0.589, p <
0.01), organizational unlearning (p = 0.696, p <0.01), and environmental dynamism (p =0.418,
p < 0.01). Conversely, the correlation between organizational resilience and paradoxical
thinking was insignificant (p = -0.073).

Dynamic managerial capabilities significantly correlate with benevolent leadership (p =
0.343, p <0.01), organizational unlearning (p = 0.469, p < 0.01), and environmental dynamism
to a lesser extent (p = 0.183, p <0.01). The correlation with paradoxical thinking is significant,
albeit with a negative sign (p =-0.089, p < 0.05).

Benevolent leadership exhibits a strong correlation with organizational unlearning (p =
0.490, p < 0.01) and a significant correlation with environmental dynamism (p = 0.308, p <
0.01). However, it does not significantly correlate with paradoxical thinking.

Organizational unlearning does not significantly correlate with paradoxical thinking,
but it does correlate with environmental dynamism (p = 0.274, p < 0.01). Conversely,
paradoxical thinking demonstrates negative correlations with all variables except for its
relationship with environmental dynamism (p = 0.108, p < 0.05), albeit relatively small.

Table 2. Linear regression coefficients and multicollinearity statistics

Model Unstandar | Standard | Standardize t-value p-value Multicollinearity statistics
dized error d
parameter parameters
S (Beta)

Tolerance VIF
Constant 0,389 0,229 1,696 0,091 - - -
Benevolent 0,183 0,026 0,246 6,988 <,001 0,693 1,442
leadership
Organizational 0,34 0,032 0,394 10,802 <,001 0,646 1,547
unlearning
Dynamic 0,29 0,034 0,288 8,51 <,001 0,75 1,333
capabilities
Paradoxical -0,031 0,042 -0,022 -0,725 0,469 0,974 1,027
thinking
Environmental 0,178 0,029 0,191 6,109 <,001 0,875 1,142
dynamism
Dependent variable: organizational resilience
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The size and age of organizations generally exhibit weak to moderate correlations with
other variables, typically negative, indicating that older and larger organizations tend to have
lower levels of other variables. These two variables covary significantly in the model (p=0.521,
p < 0.01). The relatively high correlation levels may indicate autocorrelation issues in further
analyses. To address this concern, a VIF analysis was conducted in the next step. Initially,
regression analyses with VIF statistics were calculated, with organizational resilience as the
main dependent variable and all other variables as independent ones. Control variables were
omitted in this analysis. Table 2 presents the results of the VIF analysis (and parameter
estimates).

As indicated in Table 2, VIF statistics do not exceed 4, which is commonly perceived
as an indicator of multicollinearity between variables. Additionally, the coefficients in the table
exhibit the same direction (the same sign) as the relationships indicated in the correlation
matrix, suggesting that the probability of multicollinearity is low.

Therefore, in the subsequent steps, | conducted structural equation modeling using
Mplus software. Initially, following the recommendations of Boemelburg et al. (2023), |
assessed the internal consistency of the model using confirmatory factor analysis. At this stage,
| specified the internal structure of latent variables (all variables in the model were treated as
latent ones). The estimation results are presented in Figure 1.
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Figure 1. Confirmatory factor analysis: The measurement model

Legend: dk — dynamic capabilities, ou — organizational unlearning, par — paradoxical thinking, blead — benevolent leadership,
or — organizational resilience, env_d — environmental dynamism. Above the lines factor loadings are provided. Latent variables
covary, and covariances are given above the lines.

As illustrated in the model presented in Figure 1, most of the factor loadings are
statistically significant. Moreover, the model demonstrates a reasonable fit with RMSEA =
0.046, CFI1 =0.922, TL1 = 0.914, SRMR = 0.066, and Akaike AIC = 42,610.266. These results
suggest that the proposed structure aligns well with the data and supports further analyses.
However, due to poor factor loadings, item “env1” with a value of 0.36 was excluded from
subsequent analyses.
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In the following step, a structural equation model was estimated using a random type of
analysis with MLR estimator and integration algorithm, allowing for testing of the mediation
and moderation effects between latent variables. In this type of analysis, no fit indices are
provided, and thus, the model's quality is evaluated using comparative measures, such as
Akaike AIC, compared to the base model. Lower AIC levels indicate a better fit, while
significantly higher AIC levels suggest a poor fit of the model to the data. To enhance clarity,
a graphical representation of the model was created using the draw.io web application. The
estimation results are presented in Figure 2.

0.209
(0.048;
Environmental 0.000)
dynamism
mediation effect (indirect):
0.088 (0.021; 0.000) 0.006
0.452 zET ] | 0.08L
(0.053; (0.045; | -0.820)
0.000 Benevolent ~0.000) 0.048
leadership (0.068;
| 0.478)
mediation effect (indirect): 0.045
0.177 (0.034; 0.000) (0.063;
0.477) h 4
0.528 0.431 &
(0.056; (0.051; |
Dynamic managerial 0.000) Organizational 0.000) ¢ - Organizational
capabilities unlearning '@ence
A
mediation effect (indirect):
0.010 (0.008; 0.202)
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Figure 2. Structural model of relationships between dynamic managerial capabilities
and organizational resilience with mediation effect of benevolent leadership, organizational
unlearning, and paradoxical thinking and moderating effect of environmental dynamism

Legend: Above lines standardized parameters, standard errors and p-values are provided. Green color denotes significant
relationships, orange color — relationships statistically insignificant. For a better clarity structural loadings are removed.

The model presented in Figure 2 exhibited relatively good fit, with Akaike AIC =
42,653.522. In comparison with the Akaike of the structural model presented in Figure 1, it is
slightly less well-fitted, with the change accounting for 41 points.

To summarize the analyses, as depicted in Figure 2, dynamic managerial capabilities
foster organizational resilience both directly (standardized coefficient = 0.318) and indirectly,
through benevolent leadership (mediation effect of 0.088) and organizational unlearning
(mediation effect = 0.177). Dynamic managerial capabilities significantly influence all three
mediating variables, most prominently benevolent leadership (standardized coefficient = 0.452)
and organizational unlearning (standardized coefficient = 0.528), while also exerting a negative
influence on paradoxical thinking (standardized coefficient = -0.179).

Both benevolent leadership (standardized coefficient = 0.251) and organizational
unlearning (standardized coefficient = 0.431) significantly influence organizational resilience,
whereas paradoxical thinking shows no significant relationship with organizational resilience
(standardized coefficient = -0.071).
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In the estimated model, environmental dynamism does not significantly moderate the
relationships between benevolent leadership, organizational unlearning, paradoxical thinking,
and organizational resilience. However, it does strengthen the level of organizational resilience
(standardized coefficient = 0.209).

5. ROBUSTNESS CHECKS

To ensure the robustness of the results, | chose to specify the model differently.
Embracing a configurational approach to management, | posited that various configurations of
dynamic managerial capabilities, organizational unlearning, benevolent leadership, paradoxical
thinking, and environmental dynamism could lead to increased organizational resilience. From
this configurational perspective, | hypothesized that different combinations of determinants
might foster the development of organizational resilience capability within the organization.
Configurational approaches in management studies are predicated on causal asymmetry, where
a particular outcome may result from specific conditions, and the absence of the outcome may
stem from a very different set of conditions. Hence, | opted to utilize fSQCA (see Fiss, 2011)
to test this assumption. Accordingly, 1 employed fuzzy set qualitative comparative analysis to
identify configurations of factors associated with both increased and decreased organizational
resilience. In conducting the analyses, | adhered to the recommendations of Pappas & Woodside
(2021).

In the initial step, the data (metavariables used to calculate correlations) were
transformed into fuzzy sets using a calibration method with values ranging from —to 1. Statistics
utilized for data calibration are provided in Table 3.

Table 3. Statistics used to compute thresholds

Variable Organizatio | Organizatio | Dynamic | Environmen
Benevolent nal nal managerial tal Paradoxical
leadership | unlearning | resilience | capabilities | dynamism thinking
Sth percentyle 2,545 3,333 3,75 3,333 32 2
50th percentile (median) 472 4.9 512 4.9 47 31
95th percentile 6,636 6,833 6,625 6,333 6,4 4,166

Calibration measures play a crucial role in assessing the goodness of model fit. Thanks
to the calibration procedure, | was able to harmonize data collected across different Likert
scales. All computations were conducted using dedicated software — FSQCA, available from
https://sites.socsci.uci.edu/~cragin/fsQCA/software.shtml.

Additionally, I conducted a truth table analysis with a frequency cutoff set at 5. This
approach resulted in the removal of approximately 5 percent of all observations, eliminating
configurations that were rarely present from the analysis. The outcomes of the analysis
encompass complex, parsimonious, and intermediate combinations of configurations.

A complex solution represents a comprehensive set of conditions leading to a specific
outcome. However, these conditions are sufficient but not necessary for the outcome to occur.
Consequently, researchers typically focus on two other solutions provided by the program.

The parsimonious solution comprises combinations of conditions that are deemed
necessary for a particular outcome to manifest and is part of the intermediate solution, which is
commonly regarded as the most relevant set of significant conditions for the outcome to occur.
Typically, results are presented with intermediate solutions, clearly indicating (often
highlighted) the parsimonious components contained within. The parsimonious and
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intermediate solutions for both high and low levels of organizational resilience are detailed in
Tables 4 and 5, respectively.

Table 4. Intermediate configurations leading to high organizational resilience

Intermediate solution (with parsimonious solution raw unique consistency
highlighted) coverage coverage

1 BLead * OUnlearn 0.70845 0.0552464 |0.885788

2 OUnlearn * DynCap 0.715293 0.0669392 |0.894173

3 OUnlearn * ~ParTh * Env_D 0.468215 0.0095479 |0.909091

4 DynCap * ~ParTh * Env_D 0.449477 0.0077610 |0.893797

5 Blead * DynCap * Env_D 0.556497 0.0199131 |0.907494

Consistency cutoff: 0.867622

solution coverage: 0.88241

solution consistency: 0.8293

Blead — benevolent leadership, OUnlearn — organizational unlearning, DynCap — dynamic managerial capabilities, ParTh —
paradoxical thinking, Env_D — environmental dynamism; “~” stands for a low level of a condition; lack of “~” signifies high
level of a condition for an outcome to occur.

Table 5. Intermediate configurations leading to low organizational resilience

Intermediate solution (with parsimonious solution raw unique consistency
highlighted) coverage coverage
1 ~BLEAD*~DC*~PARTH 0.442205 0.0100461 |0.913593
2 ~BLEAD*~OU*~PARTH 0.453944 0.0093365 |0.921628
3 ~BLEAD*~DC*ENV_D 0.461206 0.0132677 | 0.902457
4 ~BLEAD*DC*PARTH*~ENV D 0.341796 0.0096093 | 0.913069
5 ~OU*~DC*PARTH*ENV_D 0.415724 0.0340157 |0.937108
6 ~BLEAD*~OU*~ENV_D 0.555282 0.0045318 | 0.944992
7 ~BLEAD*~OU*~DC 0.597925 0.0216761 | 0.952095
Consistency cutoff: 0.89993
solution coverage: 0.752661
solution consistency: 0.870705

Blead — benevolent leadership, OUnlearn — organizational unlearning, DynCap — dynamic managerial capabilities, ParTh —
paradoxical thinking, Env_D — environmental dynamism; “~” stands for a low level of a condition; lack of “~” signifies high
level of a condition for an outcome to occur.

Solution coverage, defined as the extent to which identified solutions account for the
observed cases of the outcome, is relatively high, indicating that the identified combinations of
conditions explain a significant portion of the observed cases. Specifically, it stands at 88% and
75%, respectively. Conversely, consistency, referring to holding consistency across different
cases in the dataset, is also high, at 0.82 and 0.87, respectively. This signifies that the results
are consistent and explain a majority of the cases studied.

As depicted in Table 4, there are five configurations leading to high organizational
resilience within a company. In this solution, both organizational unlearning and dynamic
managerial capabilities, along with benevolent leadership and high dynamism of the
environment, contribute to the creation of increased organizational resilience. Additionally,
firms should adopt a relatively straightforward approach to dilemmas and contradictions.
However, paradoxical thinking negatively influences organizational resilience in two out of the
five configurations. Conversely, in one configuration, such a streamlined approach to
embedded complexity pays dividends in terms of creating organizational resilience capabilities.

Table 5, on the other hand, illustrates that low levels of organizational resilience result
from seven configurations. In the majority of cases, low levels of benevolent leadership,
organizational unlearning, and dynamic managerial capabilities are critical factors leading to
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decreased levels of organizational resilience. Only in one solution does a low level of
environmental dynamism, signifying favorable environmental conditions, also appear to
contribute to low levels of organizational resilience.

6. DISCUSSION AND CONCLUSIONS

The primary objective of this study was to underscore the pivotal role of dynamic
managerial capabilities, coupled with organizational unlearning, benevolent leadership, and
paradoxical thinking, in fostering organizational resilience in highly dynamic environments.
Out of the 8 research hypotheses, there is clear support for the claim that dynamic managerial
capabilities create conditions in which organizational resilience may emerge. This supports H1.
Next, benevolent leadership facilitates the emergence of organizational resilience and partially
mediates the relationships between dynamic managerial capabilities and organizational
resilience. This supports the second hypothesis and partially supports the third, while the effect
should be described as partial mediation. Thirdly, SEM analyses confirm that organizational
unlearning is positively linked to organizational resilience, confirming the fourth hypothesis.
The fifth hypothesis can be partially supported, while there is a partial mediation effect of
organizational unlearning in the relationship between dynamic managerial capabilities and
organizational resilience. Fourthly, paradoxical thinking is not significantly linked to
organizational resilience, which falsifies the sixth hypothesis. It does not mediate the
relationship between dynamic managerial capabilities and organizational performance as well,
signifying rejection of the seventh hypothesis. Finally, environmental dynamism does not
effectively moderate relationships between mediators and organizational resilience, which
falsifies the eighth hypothesis.

The integration of findings from structural equation modeling (SEM) and fuzzy-set
qualitative comparative analysis (fSQCA) yields insightful observations. Notably, within highly
dynamic contexts, the cultivation of dynamic managerial capabilities, benevolent leadership,
and organizational unlearning appears conducive to bolstering organizational resilience.
Conversely, an abundance of paradoxical thinking appears to impede organizational efforts
towards heightened resilience. However, the intricacies revealed by fsSQCA suggest a nuanced
reality—there exist numerous alternative pathways through which organizational resilience
may be attained. Moreover, the absence or low presence of a specific condition or independent
variable does not necessarily equate to diminished organizational preparedness or recovery
capabilities in the face of adversity. This underscores the value of a configurational approach
to studying organizational phenomena, shedding light on the inherent complexity of modern
organizations (Kumar et al., 2022). Consequently, organizational strategies predicated on
assumptions of universal best practices may fall short in addressing real-world complexities,
underscoring the need for more adaptive and context-sensitive approaches (Meyer et al., 1993).

The study clearly demonstrates how organizational resilience might be achieved
through diverse pathways. While certain antecedents help bolster the level of organizational
preparedness for adversity (such as dynamic managerial capabilities, benevolent leadership,
and organizational unlearning), they might become ineffective in certain configurations of other
factors. Thus, for a better understanding of organizational resilience, it can be argued that more
in-depth qualitative studies might be necessary to comprehend the role of certain conditions in
facilitating organizational resilience. For example, benevolent leadership might be effective in
specific conditions, which may not hold true if the conditions change (Papworth et al., 2009).

11



International May Conference on Strategic Management — IMCSM24
May, 2024, Bor, Serbia

REFERENCES

Andersson, T., Céker, M., Tengblad, S., & Wickelgren, M. (2019). Building traits for
organizational resilience through balancing organizational structures. Scandinavian
Journal of Management, 35(1), 36-45. https://doi.org/10.1016/j.scaman.2019.01.001

Boemelburg, R., Zimmermann, A., & Palmié, M. (2023). How paradoxical leaders guide their
followers to embrace paradox: Cognitive and behavioral mechanisms of paradox
mindset development. Long Range Planning, 1023109.
https://doi.org/10.1016/j.1rp.2023.102319

Chen, R., Xie, Y., & Liu, Y. (2021). Defining, conceptualizing, and measuring organizational
resilience: A multiple  case  study.  Sustainability,  13(5), 2517.
https://doi.org/10.3390/su13052517

Cheng, B. S., Chou, L. F., Huang, M. P., Wu, T. Y., & Farh, J. L. (2004). Paternalistic leadership
and subordinate reverence: Establishing a leadership model in Chinese organizations.
Asian Journal of Social Psychology, 7(1), 89-117. https://doi.org/10.1111/].1467-
839X.2004.00137.x

Clément, V., & Rivera, J. (2017). From adaptation to transformation: An extended research
agenda for organizational resilience to adversity in the natural
environment. Organization & Environment, 30(4), 346-365.
https://doi.org/10.1177/10860266166583

Danes, S. M., Lee, J., Amarapurkar, S., Stafford, K., Haynes, G., & Brewton, K. E. (2009).
Determinants of family business resilience after a natural disaster by gender of business
owner. Journal of Developmental Entrepreneurship, 14(04), 333-354.
https://doi.org/10.1142/S1084946709001351

Do, H., Budhwar, P., Shipton, H., Nguyen, H. D., & Nguyen, B. (2022). Building organizational
resilience, innovation through resource-based management initiatives, organizational
learning and environmental dynamism. Journal of Business Research, 141, 808-821.
https://doi.org/10.1016/j.jbusres.2021.11.090

Duchek, S. (2020). Organizational resilience: A capability-based conceptualization. Business
Research, 13(1), 215-246. https://doi.org/10.1007/s40685-019-0085-7

Fiss, P. C. (2011). Building better causal theories: A fuzzy set approach to typologies in
organization research. Academy of Management Journal, 54(2), 393-420.
https://doi.org/10.5465/AMJ.2011.60263120

Forster, C., Paparella, C., Duchek, S., & Giittel, W. H. (2022). Leading in the paradoxical world
of crises: How leaders navigate through crises. Schmalenbach Journal of Business
Research, 74(4), 631-657. https://doi.org/10.1007/s41471-022-00147-7

Hargrave, T. J., & Van de Ven, A. H. (2017). Integrating dialectical and paradox perspectives
on managing contradictions in organizations. Organization Studies, 38(3-4), 319-339.
https://doi.org/10.1177/01708406166408

Helfat, C. E., & Martin, J. A. (2015). Dynamic managerial capabilities: Review and assessment
of managerial impact on strategic change. Journal of Management, 41(5), 1281-1312.
https://doi.org/10.1177/01492063145613

Hepfer, M., & Lawrence, T. B. (2022). The heterogeneity of organizational resilience:
Exploring functional, operational and strategic resilience. Organization Theory, 3(1),
26317877221074701. https://doi.org/10.1177/263178772210747

Hillmann, J., & Guenther, E. (2021). Organizational resilience: A valuable construct for
management research? International Journal of Management Reviews, 23(1), 7-44.
https://doi.org/10.1111/ijmr.12239

12


https://doi.org/10.1016/j.scaman.2019.01.001
https://doi.org/10.1016/j.lrp.2023.102319
https://doi.org/10.3390/su13052517
https://doi.org/10.1111/j.1467-839X.2004.00137.x
https://doi.org/10.1111/j.1467-839X.2004.00137.x
https://doi.org/10.1177/10860266166583
https://doi.org/10.1142/S1084946709001351
https://doi.org/10.1016/j.jbusres.2021.11.090
https://doi.org/10.1007/s40685-019-0085-7
https://doi.org/10.5465/AMJ.2011.60263120
https://doi.org/10.1007/s41471-022-00147-7
https://doi.org/10.1177/01708406166408
https://doi.org/10.1177/01492063145613
https://doi.org/10.1177/263178772210747
https://doi.org/10.1111/ijmr.12239

International May Conference on Strategic Management — IMCSM24
May, 2024, Bor, Serbia

Huynh, K., Wilden, R., & Gudergan, S. (2022). The interface of the top management team and
the board: A dynamic managerial capabilities perspective. Long Range Planning, 55(3),
102194. https://doi.org/10.1016/j.1rp.2022.102194

Ingram, A. E., Lewis, M. W., Barton, S., & Gartner, W. B. (2016). Paradoxes and innovation
in family firms: The role of paradoxical thinking. Entrepreneurship Theory and
Practice, 40(1), 161-176. https://doi.org/10.1111/etap.12113

Karakas, F., & Sarigollu, E. (2012). Benevolent leadership: Conceptualization and construct
development. Journal of Business Ethics, 108, 537-553.
http://www.jstor.org/stable/23259290.

Kumar, S., Sahoo, S., Lim, W. M., Kraus, S., & Bamel, U. (2022). Fuzzy-set qualitative
comparative analysis (fsQCA) in business and management research: A contemporary
overview. Technological Forecasting and Social Change, 178, 121599.
https://doi.org/10.1016/j.techfore.2022.121599

Kwiotkowska, A. (2018). Dynamism, hostility and complexity of the organisation's
environment. Empirical verification of the construct. Organizacja i Zarzgdzanie:
kwartalnik naukowy.

Linnenluecke, M. K. (2017). Resilience in business and management research: A review of
influential publications and a research agenda. International Journal of Management
Reviews, 19(1), 4-30. https://doi.org/10.1111/ijmr.12076

Lyu, C., Yang, J., Zhang, F., Teo, T. S., & Guo, W. (2020). Antecedents and consequence of
organizational unlearning: Evidence from China. Industrial Marketing Management,
84, 261-270.

Meyer, A. D., Tsui, A. S., & Hinings, C. R. (1993). Configurational approaches to
organizational analysis. Academy of Management journal, 36(6), 1175-1195.
https://doi.org/10.2307/256809

Nonaka, I., Hirose, A., & Takeda, Y. (2016). ‘Meso’-foundations of dynamic capabilities:
Team-level synthesis and distributed leadership as the source of dynamic creativity.
Global Strategy Journal, 6(3), 168-182. https://doi.org/10.1002/gsj.1125

Orth, D., & Schuldis, P. M. (2021). Organizational learning and unlearning capabilities for
resilience during COVID-19. The Learning Organization.

Pal, R., Torstensson, H., & Mattila, H. (2014). Antecedents of organizational resilience in
economic crises—an empirical study of Swedish textile and clothing SMEs.
International Journal of Production Economics, 147, 410-428.
https://doi.org/10.1016/j.ijpe.2013.02.031

Pappas, I. O., & Woodside, A. G. (2021). Fuzzy-set Qualitative Comparative Analysis
(fsQCA): Guidelines for research practice in Information Systems and marketing.
International Journal of Information Management, 58, 102310.
https://doi.org/10.1016/j.ijinfomgt.2021.102310

Papworth, M. A., Milne, D., & Boak, G. (2009). An exploratory content analysis of situational
leadership.  Journal of management  development, 28(7), 593-606.
https://doi.org/10.1108/02621710910972706

Schilke, O. (2014). On the contingent value of dynamic capabilities for competitive advantage:
The non-linear moderating effect of environmental dynamism. Strategic Management
Journal, 35, 179-203. https://doi.org/10.1002/smj.2099

Tsang, E. W., & Zahra, S. A. (2008). Organizational unlearning. Human Relations, 61(10),
1435-1462. https://doi.org/10.1177/001872670809571

Vrontis, D., Christofi, M., Pereira, V., Tarba, S., Makrides, A., & Trichina, E. (2022). Artificial
intelligence, robotics, advanced technologies and human resource management:. A

13


https://doi.org/10.1016/j.lrp.2022.102194
https://doi.org/10.1111/etap.12113
http://www.jstor.org/stable/23259290
https://doi.org/10.1016/j.techfore.2022.121599
https://doi.org/10.1111/ijmr.12076
https://doi.org/10.2307/256809
https://doi.org/10.1002/gsj.1125
https://doi.org/10.1016/j.ijpe.2013.02.031
https://doi.org/10.1016/j.ijinfomgt.2021.102310
https://doi.org/10.1108/02621710910972706
https://doi.org/10.1002/smj.2099
https://doi.org/10.1177/001872670809571

International May Conference on Strategic Management — IMCSM24
May, 2024, Bor, Serbia

systematic review. The International Journal of Human Resource Management, 33(6),
1237-1266. https://doi.org/10.1080/09585192.2020.1871398

Weick, K. E. (1993). The Collapse of Sensemaking in Organizations: The Mann Gulch Disaster.
Administrative Science Quarterly, 38(4), 628-652. https://doi.org/10.2307/2393339

Weick, K. E. (2024). Mann Gulch Revisited: Improvisation as a Surface of
Apprehension.  Academy of Management Discoveries, 10(1), 146-149.
https://doi.org/10.5465/amd.2024.0006

Williams, A., Whiteman, G., & Kennedy, S. (2021). Cross-scale systemic resilience:
Implications for organization studies. Business & Society, 60(1), 95-124.
https://doi.org/10.1177/00076503198258

Williams, T. A., & Shepherd, D. A. (2016). Building resilience or providing sustenance:
Different paths of emergent ventures in the aftermath of the Haiti earthquake. Academy
of Management Journal, 59(6), 2069-2102. https://doi.org/10.5465/amj.2015.0682

14


https://doi.org/10.1080/09585192.2020.1871398
https://doi.org/10.2307/2393339
https://doi.org/10.5465/amd.2024.0006
https://doi.org/10.1177/00076503198258
https://doi.org/10.5465/amj.2015.0682

International May Conference on Strategic Management — IMCSM24
May 2024, Bor, Republic of Serbia

International May Conference

Volume XX, Issue (1) (2024) 15-23 on Strategic Management

DOI: 10.5937/IMCSM24002B Original research

ICT PENETRATION AND STOCK MARKET DEVELOPMENT:
EMPIRICAL EVIDENCE FROM EMERGING MARKET ECONOMIES

Yilmaz Bayar!

! Bandirma Onyedi Eylul University, Faculty of Economics and Administrative Sciences,
Turkiye

Abstract: Stock markets play a vital role for economic growth and development through
providing capital to businesses and investment options to the investors. Therefore,
determination of factors underlying stock market development is significant to make the
economic progress. This study investigates the interaction between ICT indicators including
internet usage, mobile cellular subscriptions, and fixed broadband subscriptions and stock
market development in the emerging market economies over the 2001-2022 period through
causality analysis. The results of the panel level causality analysis uncover a mutual interaction
between ICT indicators and stock market development. However, the results of the cross-
sectional causality analysis reveal that the interaction between ICT indicators and stock market
development differs among the emerging market economies.

Keywords: ICT indicators, stock market development, emerging market economies, panel
causality test.

1. INTRODUCTION

Stock markets have become one of the drivers of economic growth and development
through the channels of liquidity creation, savings mobilization, risk diversification, acquisition
and dissemination of information about firms, and corporate governance (Demirgu¢-Kunt &
Levine, 1996; Dike, 2016). However, stock market liquidity can also negatively impact
economic growth by decreasing savings rate through income and substitution effects (Devereux
& Smith, 1994). Furthermore, risk diversification can also negatively impact economic growth
through decreasing savings rates (Devereux & Smith, 1994; Levine, 2004). However, the
majority of empirical studies have uncovered a positive impact of various stock market
indicators on economic growth and development for different countries and country groups
(Bui & Doan, 2021; Kapaya, 2020; Chikwira & Mohammed, 2023).
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The critical role of stock markets for the economies has motivated the researchers to
conduct the factors underlying stock market development. The studies have uncovered that
economic factors including as income level, gross domestic investment, banking sector
development, private capital flows, stock market liquidity, trade and financial openness and
institutional factors including different legal origins, stock market integration, legal protection
of investors, and corporate governance are significant determinants of stock market
development (Garcia & Liu, 1999; Yartey, 2008; Ho & lyke, 2017; Adjasi et al., 2022).

ICT can also impact stock market development through introducing electronic markets
and automatic order execution which result in lower fees, more efficient markets, and greater
information and transparency for investors (Lee et al., 2019). However, spread of false
information about stocks through ICT can negatively affect stock market development (Lee et
al., 2019). On the other hand, stock market development can positively impact ICT penetration
through increasing the use of ICT at the society. In conclusion, a bilateral causal interplay
between ICT indicators and stock market development is theoretically expected.

In this study, we investigate the ICT indicators on stock market development in the
emerging markets considering the gap in the empirical literature, although the globalized world
has achieved significant progress in ICT penetration. Furthermore, the studies have generally
investigated the effect of ICT indicators on stock market development. The bilateral interplay
between ICT indicators and stock market development is examined unlike the related empirical
literature. In the rest of the paper, Section 2 reviews the empirical literature on the nexus
between ICT and stock market development. Section 3 defines the dataset and methodology
and Section 4 performs the econometric tests and discusses the results of the causality analysis.
The paper is concluded with the Conclusions.

2. LITERATURE REVIEW

Stock markets have remarkably developed with the contribution of the globalization
process during the past four decades. Therefore, economic impacts of stock markets and drivers
of stock market development have been widely explored. In this study, we focus on the bilateral
interplay between ICT indicators and stock market development considering the gap in the
empirical literature. In the related empirical literature, Lee et al. (2017), Afshan et al. (2020),
Igwilo and Sibindi (2022), and Suragan and Durmuskaya (2022) uncovered a positive effect of
various ICT indicators on stock market development. Furthermore, Pradhan (2014) revealed a
bidirectional causal relationship between ICT and stock market development. On the other
hand, Okwu (2015) disclosed an insignificant relationship between ICT indicators and stock
market capitalization.

Pradhan (2014) analyzed the interaction among ICT, stock market development, and
economic growth in Asian countries during the 1961-2012 period through panel VAR and
uncovered a bidirectional causality between ICT and stock market development. On the other
hand, Okwu (2015) investigated the effect of ICT on Nigeria and South Africa over the 1995—
2014 period through regression and found that ICT indicators had an insignificant impact on
stock market capitalization, but mobile telephone subscriptions had a positive impact on value
of traded shares and number of personal computers had a positive effect on stock market
liquidity.

Lee et al. (2017) examined the relationship between ICT indicators and stock market
development in 81 countries over the period 1998-2014 through regression and found that ICT
development is positively associated with stock market capitalization. On the other hand, Lee
et al. (2019) examined the relationship between ICT and stock market efficiency in 71 countries
between 2002 to 2014 through regression and revealed that stock markets in countries with high
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ICT diffusion are efficient while stock markets in countries with low or medium ICT diffusion
are not all efficient.

Afshan et al. (2020) studied the relationship between ICT indicators and stock market
development in 10 Asian countries (China, India, Japan, Malaysia, Pakistan, Philippines,
Russia, South Korea, Thailand, and Turkiye) for the period of 2000-2016 through quantile-on-
quantile cointegration and discovered a positive interaction between ICT indicators and stock
market development.

Igwilo and Sibindi (2022) investigated the effect of ICT proxied by number of
broadband users, mobile—telephone users, Internet users, and fixed telephone users on the
development of African stock exchanges in 11 African stock exchanges for the period 2008—
2017 through dynamic regression and uncovered a positive effect of ICT on stock market
development in African countries.

Suragan and Durmuskaya (2022) examined relationship between stock market indexes
and ICT indicators (fixed telephone subscriptions, mobile telephone subscriptions, and internet
users) in G7 and E7 countries (China, Russia, India, Brazil, Turkiye, Mexico, and Indonesia)
for the period between 2003 and 2019 through Pedroni and Kao cointegration test and revealed
that mobile telephone subscriptions and individuals using the internet have a positive impact
on stock markets and their significance.

3. DATA AND METHODOLOGY

This study investigates the causal relationship between ICT indicators and stock market
development in the emerging markets during the 2001-2022 period through Emirmahmutoglu
and Kose (2011) causality test. The symbols and definitions of the variables used in the
econometric analyses are shown in Table 1. In this context, stock market development is
proxied by market capitalization of listed domestic companies as a percent of GDP. On the
other hand, ICT penetration are represented by indicators of individuals using the Internet as a
percent of population, mobile cellular subscriptions, and fixed broadband subscriptions. All
these variables are provided from database of World Bank (2024a,b,c,d).

Table 1. Definition of variables (Author own)

Variables Definition
STOCKDEV Market capitalization of listed domestic companies (% of GDP)
INET Individuals using the Internet (% of population)
MCS Mobile cellular subscriptions
FBB Fixed broadband subscriptions

The emerging markets are selected based on MSCI (2024) classification considering the
data availability and in turn Brazil, Chile, China, Greece, Hungary, India, Indonesia, Korea
Rep., Malaysia, Mexico, Peru, Philippines, Poland, South Africa, Thailand, and Turkiye are
included in our sample. On the other hand, presence of stock market capitalization and ICT
indicators have led us to determine the study period as 2001-2022. The econometric tests of
cross-section dependence, homogeneity, unit root, and causality are performed via Stata 17.0
and Eviews 12.0 statistical programs.

The causal relationship between indicators of ICT penetration and stock market
development is examined by Emirmahmutoglu and Kose (2011) causality test.
Emirmahmutoglu and Kdése (2011) improved the Toda-Yamamoto (1995) causality test for
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panel datasets and the test takes account of both heterogeneity and cross-sectional dependency.
The following VAR model is estimated for each cross-section:

Yie =i + AviYig- + - ApiVic—pp + - F Ap+a)iVi t-p;—ap T &ie (D

where y;; is vector of endogenous variables, p; is p dimensional vector of fixed effects, p;
values are optimal lengths, and d; values are maximum integration values of the variables under
consideration.

4. RESULTS AND DISCUSSION

In the section of econometric analyses, the presence of cross-sectional dependence (CD)
between ICT indicators and stock market development is examined through tests of Lagrange
Multiplier (LM) test by Breusch and Pagan (1980), LM adjusted test by Pesaran et al. (2008),
and LM CD test by Pesaran (2004) and the findings of these tests are shown in Table 2. The
null hypothesis of cross-sectional independence is declined and the presence of cross-sectional
dependency between ICT indicators and stock market development is specified.

Table 2. Results of CD tests (Author own)

Test Test Statistics P values
LM 866 0.0000
LM ad;j. 98.85 0.0000
LM CD 27.94 0.0000

The existence of homogeneity is examined by means of delta tilde tests of Pesaran and
Yamagata (2008) and their results are shown in Table 3. The null hypothesis of homogeneity is
declined and the presence of heterogeneity is concluded.

Table 3. Results of delta tilde tests (Author own)

Test Test Statistics P values
A 9.189 0.000
Agaj 10.454 0.000

The presence of unit root at the series is analyzed by CIPS unit root test of Pesaran

(2007) due to the cross-sectional dependence among the variables and the results of the CIPS
test shown in Table 4 uncover that STOCKDEYV, INET, MCS, and FBB are I(1).

Table 4. Results of CIPS test (Author own)

Test statistics
Variables Level First Difference
Constant Constant + Trend Constant Constant + Trend
STOCKDEV 1.104 1.929 -6.181%*%* -4.096%***
INET -0.780 0.599 -2.118** -5.829%%**
MCS 0.866 -0.632 -5.734%%* -5.164%**
FBB -1.339 -1.931%* -5.590%** -3.743%**

*** and ** indicates that it is respectively significant at 1% and 5% level.

The causal relationship between internet usage and stock market development is
investigated by means of Emirmahmutoglu and Kose (2011) causality test and the results of the
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causality are shown in Table 5. The results of the panel level causality test uncover a
unidirectional causality from stock market development to internet usage. On the other hand,
the results of the country level causality analysis denote bidirectional causality between internet
usage and stock market development in Hungary, a unilateral causality from internet usage to
stock market development in Brazil, and a unilateral causality from stock market development
to internet usage in Indonesia, Peru, Philippines, and Thailand.

Table 5. Results of causality test between INET and STOCKDEV (Author own)

Countries INET » STOCKDEV STOCKDEV-» INET
Test statistic P value Test statistic P value
Brazil 9.172 0.027 5.895 0.117
Chile 0.134 0.715 0.007 0.934
China 0.962 0.327 1.196 0.274
Greece 0.125 0.723 0.217 0.641
Hungary 3.273 0.070 4.028 0.045
India 0.990 0.804 1.671 0.643
Indonesia 0.222 0.638 4.674 0.031
Korea, Rep. 0.427 0.513 0.009 0.924
Malaysia 1.874 0.171 0.000 0.983
Mexico 0.327 0.568 0.000 0.998
Peru 1.338 0.512 6.612 0.037
Philippines 4.264 0.234 22.797 0.000
Poland 0.769 0.857 1.623 0.654
South Africa 1.108 0.775 2.001 0.572
Thailand 0.119 0.942 10.588 0.005
Turkiye 2.082 0.353 0.027 0.987
Panel 30.677 0.533 61.403 0.001

The causal relationship between mobile cellular subscriptions and stock market
development is investigated by means of Emirmahmutoglu and Kose (2011) causality test and
the results of the causality are shown in Table 6. The results of the panel level causality test
uncover a bidirectional causality between mobile cellular subscriptions and stock market
development. Furthermore, the results of the country level causality analysis uncover a
bidirectional causality between mobile cellular subscriptions and stock market development in
Chile, Greece, and Turkiye, and unilateral causality from mobile cellular subscriptions to stock
market development in Brazil, and a unilateral causality from stock market development to
mobile cellular subscriptions in Hungary and Peru.
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Table 6. Results of causality test between MCS and STOCKDEV (Author own)

Countries MCS +» STOCKDEV STOCKDEV-» MCS
Test statistic P value Test statistic P value
Brazil 8.868 0.031 3.691 0.297
Chile 3.705 0.054 5.068 0.024
China 0.317 0.854 2.107 0.349
Greece 9.689 0.021 8.503 0.037
Hungary 0.813 0.367 8.068 0.005
India 3.229 0.358 4911 0.178
Indonesia 0.919 0.338 0.437 0.509
Korea, Rep. 0.946 0.623 0.230 0.891
Malaysia 5.699 0.127 5.022 0.170
Mexico 2.402 0.493 3.847 0.278
Peru 0.507 0.477 3.599 0.058
Philippines 0.177 0.674 0.058 0.809
Poland 3.983 0.263 1.001 0.801
South Africa 0.181 0.671 0.314 0.575
Thailand 0.008 0.930 0.087 0.768
Turkiye 6.419 0.093 6.316 0.097
Panel 44,123 0.075 53.373 0.010

The causal relationship between fixed broadband subscriptions and stock market
development is investigated by means of Emirmahmutoglu and Kose (2011) causality test and
the results of the causality are shown in Table 7. The results of the panel level causality test
uncover a bidirectional causality between fixed broadband subscriptions and stock market
development. Furthermore, the results of the country level causality analysis uncover a
bidirectional causality between fixed broadband subscriptions and stock market development
in Brazil, and unilateral causality from fixed broadband subscriptions to stock market
development in Greece, Hungary, and a unilateral causality from stock market development to
fixed broadband subscriptions in Chile and Malaysia.

Table 7. Results of causality test between FBB and STOCKDEYV (Author own)

Countries FBB » STOCKDEV STOCKDEV-» FBB
Test statistic P value Test statistic P value
Brazil 9.747 0.021 23.571 0.000
Chile 0.143 0.705 2.704 0.100
China 0.024 0.877 0.433 0.510
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Countries FBB +» STOCKDEV STOCKDEV-» FBB
Test statistic P value Test statistic P value
Greece 18.565 0.000 0.990 0.804
Hungary 8.494 0.037 4.282 0.233
India 0.827 0.661 1.641 0.440
Indonesia 0.195 0.659 0.047 0.828
Korea, Rep. 5.212 0.157 0.721 0.868
Malaysia 0.439 0.932 16.238 0.001
Mexico 1.658 0.198 0.170 0.680
Peru 0.008 0.928 0.492 0.483
Philippines 0.124 0.724 0.077 0.782
Poland 4.329 0.228 0.705 0.872
South Africa 2.821 0.420 0.578 0.901
Thailand 0.131 0.937 0.593 0.743
Turkiye 3.350 0.187 4.433 0.109
Panel 49.016 0.028 54.399 0.008

A mutual interaction between ICT indicators and stock market development is
theoretically expected, because use of ICT in the stock markets increases information and
transparency for investors and results in more efficient markets and lower costs. On the other
hand, the researchers have mainly investigated the impact of ICT indicators on stock market
development and uncovered a positive effect of ICT indicators on stock market development
(Lee et al., 2017; Afshan et al., 2020; Igwilo & Sibindi, 2022; Suragan & Durmuskaya, 2022).
Furthermore, Pradhan (2014) uncovered a bilateral causal relationship between ICT and stock
market development. Therefore, our causality analysis results are found to be compatible with
the theoretical expectations and findings of the empirical studies.

5. CONCLUSION

Stock markets have been considerably developed in the world during the last 40 years
together with the globalization process. However, increasing globalization has led significant
volatility in the stock markets. The economic implications of stock markets have encouraged
the researchers to explore the drivers of stock market development. This study investigates the
interaction between ICT indicators and stock market capitalization in the emerging market
economies.

The results of the panel level causality analysis uncover a unidirectional causality from
stock market development to internet usage and a bidirectional causality between mobile
cellular subscriptions, fixed broadband subscriptions, and stock market capitalization. On the
other hand, the results of the country-level causality analysis indicate that interaction between
ICT indicators and stock market development differs among the emerging markets. Our results
and the empirical literature point out a feed-back interaction between ICT indicators and stock
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market development. Therefore, progress in the stock market development can be achieved
through ICT instrument.
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Abstract: Work plays a very important role in the lives of people, companies, and society, in
general. Individuals value work for the income it provides, but also because it contributes to
self-esteem and personal happiness that people feel when they put their competencies to work.
Work is important from the point of individual well-being, but it also forms the cornerstone of
economic and social development. However, as a very common phenomenon, not only in our
country, but in other countries, too, is that work can prevail in the workers family and private
life. Many employees may feel unable to make an adequate balance between their work and
private life. Because of this, frustration often arises among them as they are aware that they do
not spend enough time with their family, or are neglecting their personal needs. In the same
time, families are facing with reduced functionality and alienation of family members. The main
aim of this paper is to investigate the level of work-life balance in Serbia, and its relation to job
stress. The methodology of the research consists of theoretical and empirical analysis.
Theoretical research is based on a literature review, while the empirical research is based on
the answers of 291 employees from different organizations in Serbia. The data were collected
in October 2023. The analysis is performed by implementing PLS-SEM to investigate the
relations between work-life balance and job stress, and by descriptive statistics to investigate
the level of work-life balance in Serbia.

Keywords: Work-life balance, human resources, stress, job satisfaction, Serbia.

1. INTRODUCTION

Work-life balance (WLB) is one of the most investigated variables in contemporary
management and psychological research and theory. Researchers have been performing
different investigations on the relation between WLB and other human resources (HR) and
organizational practices and employee attitudes, such as flexible working arrangements
(Hayman, 2009; Chung et al., 2020); job satisfaction, and job stress (Haar et al., 2014; Kelly et
al., 2020; Arulodss et al., 2021; Sharma & Tiwari, 2023); turnover intentions and turnover
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(Thakur & Bhatnagar, 2017; Giauquev et al., 2019; Maharani & Tamara, 2024), and many
others. Research has also demonstrated that work-life balance plays an important role in
individual's well-being, such as health satisfaction, family satisfaction, and overall life
satisfaction (Sirgy & Lee, 2018). WLB is defined as “the individual perception that work and
non-work activities are compatible and promote growth in accordance with an individual’s
current life priorities” (p. 326). It is an important aspect that many employees take into account
when they are thinking about their current and future roles and positions in the company. It is
not just about the time they spend on the job, but also the level of energy, willingness, and
abilities that they can use for their private lives.

The popularity of WLB has increased due to several reasons. Work plays a very
important role in the lives of people, companies, and society in general. Individuals work for
the income it provides, but also because it contributes to their self-esteem and personal
happiness when they put their competencies to work. It is important from the point of view of
individual well-being, but it also forms the cornerstone of economic and social development.
However, what is a very common phenomenon, both in our country and in other countries, is
that work can prevail in the family and private life. Many employees can feel unable to make
an adequate balance between work and private life as they need to work too much to earn a
larger amount of money, to reach a higher level in the management of a company, or because
work tasks are too complex or challenging so they need to commit more time and energy to
solve them. Because of this, frustration often arises as people are aware that they do not spend
enough time with their family, or they neglect their personal needs. On the other hand, reduced
functionality and alienation of members occur in the family, too. WLB has numerous
advantages. It can enhance employees’ job and life satisfaction, commitment, and engagement,
but also reduce stress and burnout, and especially turnover. People can feel a higher quality of
their lives. “Employees with WLB intellect their lives are pleased both inside and outside of
career and they get to know least conflict struggle among work and non-work roles. From a
business perspective, encouraging WLB may fascinate recruits, aid lessen turnover and
absenteeism, and upsurge the probabilities of workers enthusiastically involved in “pro-social”
behaviors that rise beyond and away from their job necessities” (Nadhiya & Sareena Umma,
2022, p. 37).

The main aim of this paper is to investigate the level of work-life balance in Serbia, and
its relation to job stress. The methodology of the research consists of theoretical and empirical
analysis. Theoretical research is based on a literature review, while the empirical research is
based on a sample of 291 employees from organizations in Serbia. The data were collected in
October 2023. The analysis is performed by implementing PLS-SEM to investigate the relations
between work-life balance and job stress, and by descriptive statistics to investigate the level
of work-life balance in Serbia.

The paper consists of five sections. The introduction is presented in section one. Section
two is related to the theoretical background, explaining the problem of work-life balance and
the development of hypotheses. The third section represents the methodology of the research,
presenting the sample, procedures, data collection, and questionnaire. The fourth section are
results of the data analysis, accompanied by a discussion, while the fifth section consists of
conclusions, and theoretical and practical implications of the research.

2. THEORETICAL BACKGROUND

Some of the factors that have influenced the growing need for work-life balance are
(Rashmi & Kataria, 2022, p. 1028):
(1) profound changes in the labor market,
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(2) modification of gender roles,

(3) more contribution of women in the labor force,

(4) augmented prevalence of dual-earner couples,

(5) single parents in the workforce,

(6) longer working hours,

(7) 24/7 communication technology obscuring the lines between work and non-work,

(8) increasing desire for the quality of life.

WLB is the harmony between two completely different roles that an individual performs
and is becoming more and more popular in modern conditions. Work-life balance involves two
key dimensions, a) role engagement in work and nonwork life and b) minimal conflict between
work and nonwork roles (Sirgy & Lee, 2018). The balance is achieved when the employee is
equally engaged in and satisfied with his work and family roles. WLB incorporates the
following three mechanisms: time balance (equal time devoted to work and family),
involvement balance (equal involvement in work and family), and satisfaction balance (equal
satisfaction with work and family) (Greenhaus et al., 2003, p. 510).

According to Sirgy and Lee (2018), work-life balance is achieved when “people are
fully committed in their various social roles in work and nonwork life. Individuals with work-
life balance engage in multiple roles, and experience satisfaction from multiple roles by
effectively distributing time and effort across these roles in salient life domains. Individuals
engaged in multiple life domains are likely to experience augmentation of power, prestige,
resources, and emotional gratification from their multiple roles like role privileges, overall
status security, resources for status enhancement, and enrichment of the personality and ego
gratification” (p. 234). It is a matter of establishing a balance between the work activity and the
personal life of the workers, to avoid the conflict of roles (Lamane-Harim et al., 2023), as the
interference between work and personal life causes difficulties to individuals as a result of
pressures between both roles. Figure 1 represents an integrative framework for the research of
WLB.

( \ Work-related

 — outcomes
Work-Life
Personal Balance
Predictors *  Role
engagement
in work and Nonwork-
I nonwork life — related
® Minimal outcomes
conflict
Organizational between
Predictors B work and
nonwork L Stress-related
roles outcomes

\ /

Figure 1. An Integrative Framework of Work-Life Balance (Sirgy & Lee, 2018, p. 233)

Without further explanation of the concept of WLB, the question concerning the effects
of WLB on employees and organizations we find more important for this paper. The assessment
of the key consequences of work-life balance focused on health, attitudes, and work outcomes
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in both the work and non-work domains (mainly in the family). These family and business
outcomes include affective conditions, such as dissatisfaction and anxiety, but also behavioral
outcomes, such as absenteeism, tardiness, and poor performance (Brough et al., 2014, p. 2725).

A balance between work and personal life can result in higher productivity in an
organization through increased individual performance of employees (Konrad & Mangel, 2000;
Bloom et al., 2009; Abioro et al., 2018). Balance between work and private life reduces the risk
of stress, fatigue, and sickness and prevents better individual well-being.

The causes of the imbalance are various, there are many of them, and based on several
previous research, it was determined that they can be described in the following way. Authors
Brough et al. (2014) synthesized previous research findings and discussed the occurrence of
both, work and family demands as key negative antecedents of work-life balance. More
precisely, the perception of sufficient time to meet acute work and family demands is an
important issue. Family demands are increased both by the volume of dependent obligations
(taking care of children, elderly parents, seriously ill spouses, and other family members) and
by specific acute situations that produce intense demands, such as the birth of a baby or sudden
serious illnesses of spouses, parents or other members families, as the combination of reduced
available time and increased work and family demands creates additional stress for many
working parents. In cases of acute family demands, many employees report that where formal
provisions for leave from work are available, such leave provision is usually insufficient to
adequately respond to these additional family demands, thereby increasing levels of role stress
and work-life imbalance (p. 2752).

In their review, authors Allen et al. (2000) described the existence of three groups of
consequences of work-life balance (p. 280):

— work-related outcomes (e.g., job satisfaction, turnover intentions, absenteeism, and

performance);

— non-work outcomes (e.g., marital, family, and life satisfaction and family

performance) and

— stress-related outcomes (e.g., psychological strain, burnout, and substance abuse).

Relations between work-life imbalance/conflict and psychological distress consistently
identified a strong positive relationship: increased conflict was associated with increased
psychological distress. The experience of strain influenced the levels of work-life conflict.
Research has also shown that the relationship between work-life balance and employee turnover
is generally stronger compared to the relationship between job satisfaction and balance. This
strong association between work-life balance and turnover behavior is explained by the decision
of chronically imbalanced employees to seek alternative employment with a more "family-
friendly" employer (Brough et al., 2014, p. 2726). Sirgy and Lee (2018) proposed a synthesized
view of the main antecedents and consequences of WLB for employees and organizations
(Table 1).

Mladenovi¢ (2020) emphasizes that the introduction of programs for balancing between
work and private life can have the following positive effects (benefits) for employees (p. 75):

— a better understanding of the importance of balance between work and private life,

— better control over business and private life,

— better connections and interpersonal relations at work and outside of work,

— better physical and mental health of employees,

— less stress at work,

— (greater job satisfaction,

— higher productivity and commitment of employees,

— (greater sense of job security i
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— lower turnover.

Table 1. Antecedents and consequences of WLB (Sirgy & Lee, 2018, p. 236)

Antecedents Consequences
Personal Predictors: Work-related outcomes:
* job involvement * high job performance
* job importance * high job satisfaction
* family involvement * high organizational commitment
* conscientiousness * high career development and success
* neuroticism * low job malfunction
* coping style * low job burnout
* individualism * low job alienation
* power distance * low absenteeism
* masculinity * low turnover intention

* uncertainty avoidance
Nonwork-related outcomes:

Organizational Predictors: * high life satisfaction

* job demand * high marital satisfaction

* time pressure at work * high family performance

* job autonomy * high family satisfaction

* role ambiguity « high parental satisfaction
* scheduling flexibility * high leisure satisfaction

* flexible work arrangement * high poor health condition
* part-time work * low conflicts with family members
« assistance with childcare

* parenting resources/lactation support Stress-related outcomes:

« elder care resources * low emotional exhaustion
* employee health and wellness programs * low psychological distress
« family-leave policies * low anxiety

* social support at work * low irritability

* other services designed to assist employees * low hostility

manage their multiple roles * low hypertension

* low depression

* low affective parental distress

* low marital distress

* low illness symptoms

* low somatic complaints

* low blood pressure and cholesterol
* low alcohol abuse

* low cigarette consumption

Satisfied employees will manifest the following positive effects (benefits) for the
organization:

— greater responsibility, commitment, and loyalty of employees,

— better teamwork and communication,

— less organizational stress,

— better morale,

— greater organizational productivity,

— less absenteeism and tardiness,

— less leaving the organization and a more stable structure of employees,

— greater retention of the best employees,

— better image of the organization,

— greater customer satisfaction and

— better business results (p. 75).
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Based on the aforementioned, and the fact that job stress is commonly mentioned as a
variable that is affected by work-life (in)balance, we decided to investigate the relationship
between WLB and job stress in a sample of employees from Serbia.

3. METHODOLOGY OF THE RESEARCH
3.1. Sample

Data collection based on the created electronic questionnaire was carried out in October
2023, through the LinkedIn social network. All employees who responded to the questions were
asked to declare that they had been living in Serbia at the time of data collection. After the data
collection had been completed, it was determined that 316 responses had been collected. By
analysing the database and removing incomplete answers, the final sample was reduced to 291
valid answers that were used in further analysis. To mitigate non-response bias, the authors took
prior action to reduce non-responses, i.e. stressing anonymity and emphasizing academic
sponsorship and survey importance (Berber & Gasi¢, 2024).

In the sample of 291 respondents, 51% of the respondents were male and 49% were
female. The largest share of respondents was between the ages of 35 and 44 (44% of them),
followed by those between the ages of 25 and 34 (43%), while a very small share of respondents
were between the ages of 45 and 54 (they 7%) and in the group from 18 to 24 years of life (6%).
When it comes to the level of education, position in the company, marital status, number of
children, and the level of monthly household income, it is evident that the respondents mostly
completed high school, 48% of them, while 21% inherited faculties and 29% master's studies,
and only 2% were people with a college education. Most of the respondents were not in
managerial positions (80%), 57% were married, and 10% were in a common-law relationship,
while 32% of the respondents were neither in a relationship nor married. The largest number of
respondents did not have children (44%) or had 1 or 2 children (15% and 32%), and the largest
share (56%) of respondents indicated that they monthly salary is between 60,000 and 100,000
RSD.

3.2.  Questionnaire and research variables

For quantitative research, a questionnaire was created based on previous validated
research in this area. The questionnaire was divided into three parts. The first part consisted of
questions about the demographic profile: gender, age, level of education, position at work, level
of monthly income, marital status, as well as whether respondents have children and how many.

The second part of the questionnaire included questions concerning WLB. We used a
questionnaire adapted from Fisher-McAuley, Stanton, Jolton, and Gavin (2003) by Hayman
(2005) was used. The questionnaire consisted of 15 questions related to three dimensions of
measuring the balance between work and private life. Seven questions referred to work
interference with personal life (WIPL), four questions referred to personal life interference with
work (PLIW) and the final four questions referred to work/personal life enhancement (WPLE).
Higher arithmetic means indicate that respondents experienced that situation more often. For
WIPL and PLIW, subscales with higher mean values indicate lower levels of work-life balance.
The WPLE subscale is positively worded, and higher mean values indicate higher levels of
perceived work-life balance.

In addition to the questionnaire about work-life balance, the third part of the
questionnaire contained questions about stress at work (Lait & Wallace, 2002), to determine
the relationship with WLB.
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The respondents answered to the questions within the range of 1-5 on the Likert scale
(1 strongly disagree, 5 strongly agree).

3.3. Data processing approach

For the research, we used descriptive statistics to present the sample and overall level
of WLB in a sample. The descriptive statistics of the sample were performed using the IBM
SPSS Statistics statistical program for data processing. For the determination of the relationship
between WLB and job stress, we used the PLS-SEM technique. “PLS-SEM is a causal-
predictive approach to SEM that emphasizes prediction in estimating statistical models, whose
structures are designed to provide causal explanations. The technique thereby overcomes the
apparent dichotomy between explanation — as typically emphasized in academic research — and
prediction, which is the basis for developing managerial implications” (Hair et al., 2019, p. 3).
The SmartPLS software was used.

4. RESULTS AND DISCUSSION

Based on the data shown in Table 2, it can be concluded that the respondents indicated
that they are not in balance regarding the interference of work in private life (WIPL), meaning
that the balance is disturbed because the average score is 3.355, which indicates a high-level
interference of work in private life. Regarding the interference of private life in work (PLIW),
respondents indicated that they were approaching balance here, meaning that the balance was
relatively established because the average score 1.9570, indicated a lower level of interference
of private life in work. Regarding the improvement of work and private life (WPLE), the
respondents indicated that they are approaching balance here, showing that the balance was
relatively established because the average score was 3.537, indicating that work and private life
had a positive effect on the respondents.

Table 2. Descriptive statistics for WLB (Authors)

WIPL PLIW WPLE
Mean 3.3554 1.9570 3.5369
Std. Deviation 1.20953 .90275 .95216
Median 3.7143 1.7500 3.5000
Minimum 1.00 1.00 1.00
Maximum 5.00 5.00 5.00

The authors performed a path analysis to investigate reflective constructs and
bootstrapping in order to investigate the structural model. In terms of path analysis, the
measurement model was tested by using indicator and construct reliability, and convergent and
discriminant validities, while the structural model was tested by application of the bootstrapping
procedure based on 5,000 subsamples (Berber & Gasi¢, 2024). This type of measurement was
proposed for reflective constructions in the model (Hair et al., 2019). The indicators’ loadings
between 0.4 and 0.7 should be retained only if their removal did not have an impact on the
average variance extracted and composite reliability (Hair et al., 2014). The authors checked
the outer loadings of all indicators and found that all reached the minimum level of 0.70 and
that all of them could be included in further analysis. However, later analysis of VIF and cross-
loadings (Table 3) showed that indicators WIPL5, WIPL6, and WIPL7 had high VIFs (above
the threshold of 5.0), and were highly correlated, and therefore they were excluded from the
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model. Figure 2 summarizes all of the above-mentioned and shows the retained items (see
Figure 2).
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Figure 2. Path analysis diagram (Authors)
Table 3. Outer loadings, variance inflations factors, and convergent validity (Authors)

Average
Cronbach's | Composite Variance
PLIW | Job stress | WIPL | WPLE Alpha Reliability Extracted VIF
(AVE)

PLIW1 | 0.813 2.768096
PLIW2 | 0.764 1.552027
PLIW3 | 0871 0.895 0.892 0.675 I 830233
PLIW4 | 0.834 2.919655

Sress?2 0.755 2.080052
Stressl 0.765 2.013452
Stress3 0.852 2.579734
Stressd 0.879 0.889 0.915 0.644 3143388
Stressb 0.793 2.0062
Stress6 0.763 1.876875
WIPL1 0.864 2.621608
WIPL2 0.849 2.109196
WIPL3 0.906 0.907 0.935 0.78 3304175
WIPL4 0.916 3.318259
WPLE1 0.928 2.09636
WPLE2 0.688 2.447203
WPLE3 0.868 0.829 0.862 0.616 > 070897
WPLE4 0.612 2.297333

Table 3 outlines the reliability test, Cronbach’s Alpha, Composite Reliability, and
Average Variance Extracted (AVE). The lowest acceptable limit of Cronbach’s Alpha should
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be 0.6 (Rahimnia & Hassanzadeh, 2013; Dakduk et al., 2019). The lowest limit of acceptability
of Composite Reliability should be 0.7 (Hair et al., 2019; Sabi et al., 2016). Convergent validity
was assessed by testing Average Variance Extracted (AVE), ranging from 0.616 (WPLE),
0.644 (Job stress), and 0.675 (PLIW), to the highest value, recorded for WIPL (0.782). The
lowest acceptable limit of AVE was 0.5 (Dash & Paul, 2021). Based on the data in Table 3, the
present authors determined that Convergent validity was satisfied for all constructs.

Apart from convergent validity, the authors examined the discriminant validity.
Discriminant validity can be assessed by using Heterotrait-monotrait HTMT (Ab Hamid et al.,
2017). HTMT ratio values below 0.9 indicate that the defined components are sufficiently
different from each other; it means that they describe different phenomena (Hair et al., 2019).
The results presented in Table 4 show that all values were below 0.9, so it can be concluded
that the discriminant validity criterion is met.

Table 4. Discriminant validity - Heterotrait-Monotrait Ratio (HTMT) (Authors)

Job stress | PLIW | WIPL | WPLE
Job stress
PLIW 0.387
WIPL 0.676 | 0.333
WPLE 0.338 | 0.155 | 0.173

The final step was to analyze the relationship between the independent variables (WLB
components) and the dependent variables (job stress). R? (R-squared), as a statistical measure
of the proportion of the variance for a dependent variable that is explained by an independent
variable, shows that for Job stress it is 48.6%, explained by the independent variables WIPL,
PLIW, and WPLE in the model.

Table 5. Mean, STDEV, T-Values, P-Values (Authors)

Original Sample | Sample Mean | Standard Deviation | T Statistics | P Values
PLIW -> Job stress 0.167 0.169 0.052 3.228 0.001
WIPL -> Job stress 0.538 0.536 0.035 15.449 0.000
WPLE -> Job stress -0.249 -0.254 0.040 6.234 0.000

The results shown in Table 5 indicate a statistically significant relationship between
WLB and job stress. A positive statistically significant relationship was found between PLIW
and job stress (f=0.167; t = 3.228; p = 0.001) and WIPL and job stress (=0.538; t = 15.449; p
= 0.000). Besides, a negative statistically significant relationship was established between
WPLE and job stress (p=-0.249; t = 6.234; p = 0.000). The relations are presented in Figure 3.
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Figure 3. Bootstrapping diagram (Authors)

Based on the results of the analysis, high interference of work in personal life and vice
versa will increase job stress. It means that in the case when employees feel that work and
private life are in balance, it decreases job stress. The proposed hypothesis is confirmed.

Present results are in line with previous research that also found that balance between
work and private life will decrease job stress (Balkan, 2014; Helmle et al., 2014; Sirgy & Lee,
2018; Karani et al., 2022). Helmle et al. (2014) found that organizational initiatives for work-
life balance have a negative correlation with job stress. Besides, family problems, financial
crises, and conflicts between demands from the company and home are potential stressors for
employees at work (Aruldoss et al., 2021). Giauque et al. (2019) found that a high level of
satisfaction with work-life balance stands out as having the potential to reduce stress perception.

5. CONCLUSIONS

Work-life balance is a very complex phenomenon and until today it is still in the
developing phase in terms of understanding and all elements that could be comprised by it.
However, from all previous research, we can conclude that it is important for each person and
organization in the contemporary business environment.

The results of this research showed that respondents in Serbia are not balancing their
work and private life well, most of them suffer from strong interference of work in their personal
life, as indicated in Table 2. Also, we confirmed that WLB is in relation to job stress and that
dimension that shows imbalance will increase stress.
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Based on all of the above, it is necessary to point out possibilities for improvement of
WLB. Measures and recommendations are observed at the individual and organizational levels.

When we talk about the individual level, some of the suggestions are:

— Improve the process of planning your obligations, both family and business, for better
coordination.

— Assess your capabilities - don't take on more tasks than you can handle (it's not impolite to
say | can't, I'm not getting there).

— Define a list of priorities both in work and in private obligations.

— Take breaks during work, they are not designed for no reason.

— Tryto control stress - playing sports, walking, reading literature, watching tv programs that
relax you, etc.

— Try to eat healthier and have regular meals.

— Spend time with loved ones, even for a short time, increases the level of happiness.

— Be flexible and ready to adjust plans, because there will always be changes.

On the other hand, there are measures that organizations should implement to help their
employees. Some of the measures can be:

— Application of various forms of flexible working arrangements, among which the most
common are flexible working hours, working from home, a hybrid work model, reduced
working hours, or reduced working week. In this way, the companies would enable the
employee to get a certain amount of freedom and authority to allocate his/her working time
and thereby provide himself with enough time to meet private needs.

— Design and implementation of special programs to help employees who are at a high level
of stress, and facing burnout, as support and care for their mental and physical health at
work.

— Provision of various additional benefits such as paid private and health insurance.
Employees get additional opportunities and care for health and old age in the future.

— Providing fair and adequate compensation - salary and incentives to employees.

— Providing employees with training and career development, through understanding their
goals and needs.

— Facilitating the organization of a kindergarten in the company, or at least paying for a
private kindergarten for employees who failed to enroll their children in a state kindergarten
can also be of great importance for employees.

— Organization and facilitation of the acquisition and preservation of fitness, physical, and
mental health, through payment of membership fees to employees in training and fitness
centers or the opening of a gym and sports center in the company itself.

— There are also benefits related to children's education (financing), participation of
employees in volunteer work, and the like.

— Organization of events that are not related to work in the company itself - watching
important sports matches, celebrating various events, and the like.

Although all the mentioned measures are very necessary considering the results of the
research, according to which the majority of respondents could not balance their business and
private life well, the reality is that only a few measures were recognized or implemented.
Therefore, it is necessary to implement many proposed measures as possible at the individual
level, as well as at the organizational level. Certainly, serious approaches such as shortening
the working week to 4 days or designing special benefit programs require a detailed analysis of
job design, business volume, financial predictions, and the like, to create an adequate model.

The limitations of the work refer to the sample of the research, as it does not represent
all employees in Serbia. In the future, sector-focused research is suggested to analyze the level
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of work-life balance in Serbia, and its relation to job stress in production and service sector and
different employee groups.
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Abstract: Risk is an integral part of people's lives and and companies' business. It is often
associated with uncertainty because an event can happen but does not necessarily happen. Every
decision that managers make carries a certain degree of risk. Therefore, managers must be
innovative, flexible and ready to deal with risks. Certain risks can be eliminated or reduced
depending on the available capabilities and resources. In today's business conditions and
constant changes, for companies to maintain their position in the market, Enterprise Risk
Management (ERM) is imperative. The goal of ERM is to recognize all positive and negative
factors that can affect the company, thereby increasing the probability of success and reducing
the probability of failure to achieve the company's goals. In this paper, the identification of risks
in the production company was first carried out using the FMEA method. Then, by applying
the AHP method in the Expert Choice software program, the proposed alternatives for ERM
were ranked. The obtained results showed that the mentioned measures can greatly improve
business operations and significantly mitigate the risks the investigated company faces.

Keywords: risk, risk management, ERM, FMEA, AHP

1. INTRODUCTION

The time in which we live is characterized by complex and unpredictable changes,
which affect people’s lives and the survival of companies. We are exposed to various risks that
can lead to adverse events. Risk is defined as the possibility of damage or loss and includes the
factor of uncertainty and its impact on the achievement of the goals (Gustavson, 1998; Kaktins
& Arhipova, 2002; Suskevica, 2005; Hillson & Murray-Webster, 2007; Rejda, 2011; Rivza &
Pilvere, 2012). All this inevitably points to the necessity of risk management, both from a
business and a private perspective.

Effective risk management is essential in a very unpredictable business environment to
ensure a company's survival and success (Bartram, 2000; Virglerova et al., 2022). As a result,
many organizations use Enterprise Risk Management (ERM) to assess every possible risk and
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determine how much of an impact they may have on the company's value (Meulbroek, 2005;
Hoyt & Liebenberg, 2011; Pani¢ et al., 2019).

The study by Kleffner et al., (2003), which included risk managers from public
businesses, was a pioneer in the subject of ERM. Liebenberg and Hoyt (2003) determined the
elements that encourage companies to use ERM. According to Quon et al., (2012), there is no
correlation between the assessed degree of market and economic risk and the performance of
non-financial enterprises. Spréi¢ et al. (2015) created an ERM index to assess the quality level
of the ERM process.

Few organizations understand the significance of ERM, particularly in Serbia, and there
is still not enough research on this topic. The majority of the existing literature deals with
evaluating ERM in financial institutions (Kocovi¢ et al., 2014; Vukosavljevi¢ et al., 2016;
Jelenkovi¢ & Barjaktarovi¢, 2016). According to Barjaktarovic et al., (2017), most companies
utilize traditional risk management, while others typically lack an organizational framework
capable of supporting the implementation of ERM.

2. RESEARCH METHODOLOGY

The need to assess risks using scientific methods has created the necessity to model
different types of risks to quantify them and assess the extent of their impact. In the risk
management process, managers have different qualitative and quantitative methods that they
can choose based on their application and financial costs and in accordance with the risk that is
assessed and the types of results that the organization or individual needs.

Qualitative methods are usually applied first, giving a general risk level indication and
using descriptive scales to express potential consequences and the likelihood of the risk
occurring. Qualitative methods include brainstorming, the Delphi method, SWOT analysis,
interviews, checklists, etc. Quantitative methods use numerical values to determine the
consequences and probability of an event. They are applicable in the stages of risk analysis and
assessment to calculate the risk level of risks and rank risks. Some of the most famous are
FMEA, AHP, sensitivity analysis, decision tree analysis, scenario analysis, Monte Carlo
simulation, cost-benefit analysis, etc.

For the research in this paper, FMEA and AHP methods were applied.

2.1. FMEA analysis

FMEA (Failure Mode and Effect Analysis) is one of the oldest and most commonly used
system failure analysis methods. It was developed in 1949 by the US Army and later applied in
the aeronautical and space industries (Vujovi¢, 2009; Pani¢ & Zivkovié, 2024). It is based on
the potential errors analysis, i.e. cancellations and their impact on the company's operations.
The essence of this method is to consider the failure of each component that can affect the
system's operation, all with the aim of preventive action to achieve the defined organizational
goals. The FMEA procedure involves the following steps:

1) Identifying the system, components, functions, and processes to be analyzed.

2) Determining methods and approaches for analysis, dividing the system into elements or
functions, and determining causes, effects and corrective actions. It is most often carried
out using a scale for ranking the intensity of consequences (Table 1), to determine
whether the consequences of failure will be minor or serious, which should be given
special attention.
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Table 1. Consequence intensity rating scale (Vujovi¢, 2009; Pani¢ & Zivkovié, 2024)
Rating Consequence intensity
1 there are no consequences
very weak consequences
weaker consequences
very little consequences
small consequences
moderate consequences
greater consequences
very big consequences
intense consequences, with a warning
very intense consequences, without warning

O (0 |I[N|n|B[W[N

—_
(=)

3) Risk assessment and corrective action prioritization using the RPN. Risk Priority
Number (RPN) enables the prioritization of items that require special attention. It is
calculated by multiplying the severity of the damage, i.e. intensity (I), probability of
occurrence (P), and detectability of failures (D):

RPN=1-P-D (1)

The scales shown in Table 2 are used to assess the mentioned parameters, while the scale
shown in Table 3 is used to assess the risk based on the RPN.

Table 2. Scales for assessing the intensity of damage, probability of occurrence and detectability
(Vujovié, 2009; Pani¢ & Zivkovié, 2024)

Intensity (I) Probability of occurence (P) Detectability (D)
Rating | Description | Rating Description Rating Description
12 Negligible 1 Most likely, 'there will be no 12 Very hlgh, sure
failures detection
34 Little 2-3 Small, just a few failures 3-4 High
5-6 Serious 4-6 Medium, occasional failures 5-6 Medium
7-8 Critical 7-8 Big, failures are almost 7-8 Low
inevitable
9-10 | Catastrophic 9 Very lgrge,. failures are 3.9 Very low
inevitable
10 Almost certain 10 Impossible to detect
Table 3. Risk assessment scale (Vujovi¢, 2009; Pani¢ & Zivkovi¢, 2024)
RPN Risk assessment
RPN <10 The risk is acceptable / No action is required
The risk is acceptable / The risk can be managed by following the prescribed

10 <RPN < 100
procedures

The risk is conditionally acceptable / It is necessary to introduce risk control

100 < RPN <200 o
measures and monitoring
200 < RPN <400 Unacceptable risk / System shutdown and redefinition required
RPN > 400 Unacceptable risk / The risk cannot be managed

4) Based on the established priorities, it is necessary to determine the actions that must be
taken to eliminate/reduce potential failures, primarily those with a high RPN value, who
will be responsible for implementing the action, and the execution date.

5) After the actions are taken, check the intensity, probability, and detection again to
calculate the revised RPN. Based on this, insight is gained as to whether action is still

necessary.
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2.2. AHP methodology

The Analytical Hierarchy Process (AHP) was defined by Thomas Saaty as a multi-
criteria analysis method for group or individual decision-making. It is based on defining the
hierarchy of the problem and determining the weights of all alternatives with respsect to the
main goal. The analysis breaks down decision-making into goal, criteria and alternatives (Saaty,
1980; Catié, 2009). In the end, a synthesis is carried out, and the coefficients of all hierarchy
elements are determined according to a strictly established mathematical model. The sum of the
weighting coefficients of the elements at each level of the hierarchy is equal to 1, which allows
the decision-maker to rank all elements horizontally and vertically. Each comparison of two
hierarchy elements uses the Saaty's scale in Table 4.

Table 4. Saaty's scale (Saaty, 1980)

Definition Rating

Equal 1

Weak dominance

Strong dominance
Very strong dominance

Absolute dominance

2,4, 6, 8 are intermediate values

O | | n|w

3. RESEARCH RESULTS AND DISCUSSION

Enterprise risk management (ERM) is a comprehensive risk identification, analysis, and
assessment process that defines measures for treating identified risks (Rejda, 2011). For the
research in this paper, the most significant risks were first identified and assessed using the
FMEA method. Then, using the AHP method in Expert Choice software, a proposal for
measures to treat the identified risks was presented.

3.1. Risk identification and assessment using the FMEA method

For this research, the methodology of an oral interview was conducted in January 2024
in a company that produces electronic and electric cables and conductors in the territory of
Zajecar City (Eastern Serbia). Seven experts took part in the interview, including the director
and managers of the most important sectors in the company. Experts have identified the most
significant risks in the production, marketing, and finance sector, summarized in Table 5,
security risks (Table 6), and other risks (Table 7). Identified risks were assessed using the
FMEA method, where the priorities of corrective actions were determined.

From Table 5, it can be seen that several risks exceed the limit of risk acceptance and
require additional risk treatment measures. In the production process, the risk of electricity
consumption was assessed as unacceptable due to the seriousness of the consequences due to
the occurrence of the risk and the small possibility of detection before the risk occurs. For this
reason, it is very important to plan production activities and harmonize electricity consumption
with the production plan. There is also the risk of unskilled labour. If the company hires the
same, it can lead to major breakdowns and breakdowns. Also, the risk of outdated equipment
was assessed as conditionally acceptable, and additional measures were necessary. If the
company does not invest in regular maintenance and servicing of the machines, it directly
affects the business.
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Table 5. Risk identification and assessment by sectors

Risk | Cause | Consequences | | P | D | RPN | Action
PRODUCTION
Untimely goods Control of delivery
Y8 Bad distributors Production delay 313 53 dynamics and
delivery .
minimum stocks
Poor pr(?duct Using improper Bad product 46 48 New talc devices
blanking tools procurement
.. . Unstable voltage,
Electricity Simultaneous use of . . ..
L . . which leads to the Reducing electricity
consumption in different machines . . .
. ) S loss of electricity 415 180 | consumption action
kW in relation to and lighting in . . —
kg of product plants and interruption plan
& of production
Lack of financial ljlre(islglzrglﬁir;te:f
Outdated resources for the Frequent ’
. 513 105 regular
equipment purchase of new breakdowns .
. maintenance of
equipment .
machines
Increased labor .
L . . Training of workers
Dissatisfaction with engagement, .
. . iy . to work on different
Lack of skilled working conditions | workers are hired .
516 180 machines, change
labor and level of to work on - .
. . of working
personal income different .
. conditions
machines
MARKETING
New competition Strengthening the Decrease in Attractiveness of
i, 315 60
emergence competitive forces market share the offer
Incomplete Defining the
purchase order . .
Incompletely acceptance and production order m
Bad product 315 75 advance, before it is
defined order poor
. forwarded to
communication roduction
with the customer P
. Insufficient Defining the
Change in sales . .
. Product range capacity production plan and
volume in o e e 8 |2 96 o
. characteristics utilization in the adapting it to the
different seasons . Lo
winter months situation
FINANCES
Change in the . . . S Defining the plan
Business in foreign Impossibility of and measures for
exchange rate of . 2|7 84 o
. ) currency using funds mitigating the
foreign currencies
effects
Continuous
. . monitoring of the
Prices change Changes'm copper Deﬁmng product 417 168 stock market and
prices prices .
adaptation to
changes in it
Customer claims Crediting customers Financial losses 2|7 112 Use advance
at checkout payment

Two risks in the financial sector appear conditionally acceptable: the change in copper
prices and customer claims. Meanwhile, the risks in the marketing sector are in the acceptable
zone and can be managed.

Table 6 shows that the disposal of industrial and hazardous waste represents a risk that
is on the borderline of criticality, and the prevention measures that would reduce this risk are
appropriate packaging procurement and cooperation with a licenced company for the disposal
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of hazardous waste. Large amounts of environmental pollution can occur in the event of an oil
spill or some other hazardous substance. Perhaps it would be more realistic if the risks of
injuries at work had a higher rating, but this is not the case in this company because it tries to
acquire protection equipment promptly. The structure of the employees is such that the workers
have been with the company for a long time.

Table 6. Security risks identification

Risk Cause Consequences I | P | D | RPN Action
Interruption of Timely procurement of
Work Human the production yP .
L 4 1|10 40 appropriate protective
injuries errors/carelessness | process due to equipment
lack of workers up
Incorrect
llils:llliatllgtl:’ Regular check against fire
Risk of fire 1adeq Property loss 5 216 60 apparatus; provide space for
disposal of . .
storing flammable materials
flammable
materials
Disposal of
. . Inadequate space .
industrial . . Get adequate packaging;
for waste disposal, | Environmental .
and . . 8 216 101 waste disposal by the
lack of packaging pollution )
hazardous . appropriate company
waste for disposal

As Table 7 shows, risks whose cause is outside the organization have been identified.
Therefore, they cannot be influenced directly to eliminate, but they can be managed through
appropriate measures and plans, thus reducing their severity.

Table 7. Other risks identification

Risk Cause Consequences I | P | D | RPN Action
Economic stability
High of the company;

Conduct regular

workforce hiring workers to Skilled laborloss | 5 | 2 | 4 40 .
employee training
turnover work on more
machines

The impact of Impossibility of

the war in collectin Securing reliable
Ukraine on Unstable political . & distributors,
. receivables, 4 | 3|4 48 . .
the way of situation . . cooperation with long-
. untimely delivery
doing . term customers
. of raw materials
business
A narrow Competition is Lack of
assortment of | taking over a larger customers, 715 |2 70 Better positioning in
finished segment of the reduced the market
products market productivity

3.2. Reducing the risk effects using the AHP method

It is obvious that certain measures should be implemented in the examined company in
order to eliminate/reduce identified risks negative effects. To choose the most favorable action,
a decision-making model was created using the Expert Choice software package, where the
main goal was defined as "Selection of an adequate measure to reduce the negative effects of
risk". The following alternatives are suggested:
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Recruitment of new workforce (A1). The surveyed company currently has more than two
hundred employees. However, a large workers turnover has been observed recently due
to various factors, primarily due to the strengthening and expansion of the mining
company in a surrounding that offers better working conditions. Therefore, the company
should consider hiring a new workforce to reduce the effect of employee turnover.
Engagement companies to check the new clients' liquidity (Az). From the aspect of
financial risks, this alternative would greatly contribute to better cooperation with new
clients and reduce the risk of inability to collect receivables. By engaging specialized
firms to check the liquidity of clients, the company could engage in cooperation with
each new client, without fear of not being able to charge for its products later.

Regular maintenance and revitalization of machines (Az). This company cannot function
without its machines, and due to the lack of financial resources and the inability to
acquire others, it is imperative that the production process must function. In order for the
production process not to suffer, the company must invest in regular maintenance of its
machines, as well as hiring companies that deal with it, in order to avoid more serious
breakdowns and stoppage of production.

The proposed criteria that alternatives are judged by and prioritized using the AHP

method are:

Risks recognition and identification (K1). Recognizing and identifying the risks in time
to reduce their effects is very important. Otherwise, the consequences can be large-scale
for the company's operations.

Company management (Kz). For any measure to be implemented, the company
management must be open to the suggestions of its employees and "hear"” the proposals
of the sectors that are best informed about the potential risks that the company is facing.
Finances (K3). Any implementation of defined measures, plans, and actions to eliminate
risks requires significant financial resources. That is why it is necessary for the company
to implement measures in a timely manner, so that there are no catastrophic
consequences of risks that would require twice as much financial resources for their
removal than for the implementation of the measures.

Effects of implemented measures (Ks). After each measure implementation, it is
important that the results of the same are evaluated and compared with the planned and
that they achieve a positive result.

Figure 1 shows the defined decision-making model, i.e. the hierarchical structure of the

main goal, criteria and alternatives. After creating the model, the next step is to evaluate the
elements by making pairwise comparisons to derive accurate ratio scale priorities instead of
using traditional approaches of assigning weights and establishing priorities. A pairwise
comparison is the process of comparing the relative importance or preference of two elements
(criteria) with respect to another element (the goal) in the level above.
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GOAL:
Selection of an adequate measure to
reduce the negative effects of risk

|
| 4 | \

| (K:) (K,) (Ks) | (Kq)
‘ RISK IDENTIFICATION MANAGEMENT FINANCES ‘ EFFECTS OF IMPLEMENTED MEASURES

(A1) (A7) (As3)

Checking the new clients

Recruitment of new workforce SN Machines regular maintenance
liquidity

Figure 1. A schematic representation of the defined AHP decision model

First, a comparison of the relative importance of criteria was made (Table 8), where all
criteria are compared with each other with respect to the main goal. The obtained weighting
factors indicate that the two highest-ranked criteria, K1 and K4, have a coefficient of 0.320. The
inconsistency ratio is 0.02, less than 0.1 and is considered reasonably consistent.

Table 8. A comparison of the relative importance of the criteria

Priorities with respect to Goal
K: | Risks recognition and identification 0.320
K4 | Effects of implemented measures 0.320
Kz | Finances 0.220
K> | Company management 0.140
Inconsistency = 0.02

The next step in the AHP methodology is to compare each alternative with the others
concerning each criterion (Table 9). In relation to most of the criteria, alternative Az (Regular
maintenance and revitalization of machines) has the highest weight coefficient, except for
criterion K1, where alternative A> (Engagement companies to check the new clients' liquidity)
has the highest preference.

Table 9. Ranking of alternatives based on their mutual comparison with each criterion

1 Kz Ks Ka
Risks recognition Company . . Effects of
) o Finances implemented
and identification management
measures
A, | Recruitmentof - new 0.143 0.196 0.249 0.250
workforce
Engagement companies
A | to check the new clients' 0.571 0.311 0.157 0.151
liquidity
Regular  maintenance
Az | and revitalization of 0.286 0.493 0.594 0.599
machines
Inconsistency 0.02 0.05 0.05 0.02
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Once all judgments are made and priorities are derived, the final step in the AHP method
is obtaining overall results, that is, the final ranking of alternatives with respect to the main goal
(Table 10).

Table 10. Final ranking of alternatives with respect to main goal

Alternative Weighting coefficient
As | Regular maintenance and revitalization of machines 0.476
A, | Engagement companies to check the new clients' liquidity 0.318
A: | Recruitment of new workforce 0.206
Overall inconsistency 0.03

The alternative assessed as the most necessary to implement is Az (Regular maintenance
and revitalization of machines) with a participation of 47.6%, which would have the greatest
impact on the examined company business. This is followed by alternative A> (Hiring
companies to check the liquidity of new clients), which would greatly reduce the financial risks
faced by the company and contribute to increased productivity and better capacity utilization.
The last ranked alternative is A1 (Employment of new workforce). The implementation of these
alternatives requires considerable financial resources. Still, their implementation would
contribute to an even better financial result in terms of sold products, better payments from
customers, and production would be continuous.

Although the observed company has a very high potential and would be profitable to
invest additional financial resources in, it operates as part of a larger organization from Poland.
Its management is under the influence of the parent company's management, which somehow
prevents the independent realization of the defined alternatives. As seen in the criteria ranking
(Table 8), financial resources represent a very big barrier to the implementation of the defined
alternatives.

In the long term, improving the business of the examined company would greatly
contribute to the overall business of the entire company. The company might be able to expand
its capacities and invest in new machines, workers would not quit their jobs, and the factory
itself would find quality qualified labour faster.

4. CONCLUSION

Risk is a factor that all organizations face, regardless of the business organization model.
Unlike large companies that are aware that risk management is a certainty in doing business,
smaller companies may fail to understand risk management as one of the inevitable segments
in today's business.

The first step in solving the problem is to recognize the risk. Qualitative methods, such
as the FMEA applied in this paper, are very effective for familiarizing the management with
possible risks in the company and adequately dealing with them. The paper presents a modified
and simple way to apply this method so that the researched company could remain a leader in
its business segment with a perceived room for improvement and more efficient business. In
addition to the FMEA method, a multi-criteria AHP method was applied to rank alternatives
when implementing measures to reduce risk effects. The goal was to prioritize alternatives and
criteria to make the best decision. All three alternatives are important and, what is more
important, realistically applicable and immediately implementable in the mentioned company.
Therefore, the mentioned measures can greatly improve operations and significantly reduce the
risks that the company is currently facing, which would, among other things, significantly
contribute to improving the living standards of residents in this region.
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Abstract: Despite being the oldest, the mining industry continues to be a major source of
pollution, with more people killed or injured than in all other industries. Additionally, social
tension related to this sector is widespread around the world, since mining businesses continue
to have a significant negative influence on land, water, air, biota, and people through direct and
indirect mechanisms. The mining machinery workplaces, which are in the focus of this study
have the largest environmental footprint. The dominance of technology-centered design in
present research streams is most likely the explanation for the lack of advancement in the
mining industry. The SmartMiner project creates shift from technology-centered design and its
concept creates solutions for improving the standard of environmental quality in complex
systems and suggests a paradigm change to a Human and Data-Centric Engineering. By
aligning advanced operator 14.0&5.0 and society S5.0 standards, the SmartMiner project
develops solutions for raising the level of environmental quality in complex interactions
between physical, behavioural, and organizational processes field. Proposed paradigm can be
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which is determined by organizational contextual factors, and is encompassed by the
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air quality, workplace layout issues, etc., with high potential to solve environmental and human
health issues and to influence overall performance.
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1. INTRODUCTION

Mining industry today has numerous challenges, problems, and issues, recognized in
recent publications, which need urgent solutions. Accordingly, numerous green digital and
sustainability transformation solutions are needed, and the SmartMiner project aim to enable

step towards smart, ergonomic and sustainable mining machinery workplaces, as in Table 1.

Table 1. Current mining industry challenges and possible solutions

Current Mining Industry Challenges/Problems/Issues

Proposed Solutions

Conservative & risky adverse industry which employs 413000 people in
EU and 349947 in USA, with more people are killed, injured or with long
term health effects than in any other industry, because air pollution
increases the risk of having an accident at work (National Institute for
Occupational Safety and Health, 2018; Sovacool et al., 2020; Vega-
Calderon et al., 2021; Business economy by sector - Mining and quarrying
statistics-NACE Rev.2, 2021; Perisi¢ et al., 2022).

It accounts for 6% of the world’s energy demand and 22% of global
industrial emissions and seriously causes the destruction of land, water
bodies, the atmosphere, vegetation resources and new geological problems
that perilously impact human civilization and life (Wang et al., 2021).

Despite a proliferation of mining industry standards, there is no
comprehensive environmental standard and mining machinery is late
nearly two generations in comparison to their on-road counterparts
(Blengini et al., 2017).

Make the oldest industry in the world modern,
sustainable and compatible with 14.0&5.0, but
mitigate its risks (S5.0), by science & industry
& stakeholders /beneficiaries’ cooperation,
with aim to significantly influence the further
development of society and the economy as a
whole.

In 17500 EU mining companies is 5 times less labor productivity then in
gas and petroleum sector (Business economy by sector - Mining and
quarrying statistics-NACE Rev.2, 2021).

Improve labor productivity to numbers close
to similar sectors.

The health cost of the mining activities outweighs its benefits - since 1995
number of employees with cancers, respiratory illnesses (silicosis,
asbestosis, and pneumoconiosis...), musculoskeletal injuries, hearing loss,
etc. raises (National Institute for Occupational Safety and Health, 2018).

Improve employee’s health — reduce
employees’ illness and health risks of other
people living within the surrounding region.

77% of all accidents resulting in a fatality have occurred involved mining
machinery with human error as the most frequent cause (ICMM, 2021).

Focus on mining machinery and human error
which  implies prevention based on
interdisciplinary, applied research.

Low level of safety culture as possible cause of high pollution levels,
accidents and incidents (Zhang et al., 2020, ICMM, 2021; Tetzlaff et al.,
2021).

Analyze safety culture constructs and
dimensions (human and organizational
factors) to prevent hazards leading to climate
changes, pollution, loss of biodiversity and
unsustainable use of natural resources.

Mining operations, except mining waste, are regulated at the national level.
Serbia has 300 mines; mining sector contributes with share of 2% in the
country’s GDP, with increase of 6% in the last few years; that inverse is
visible in increase of number of companies (+6%), GDP (+25%),
innovation potential (41,9%) and employment (+0,5%) (National
Qualifications Framework, 2016, Serbian Government, Smart
Specialization Strategy, 2020).

Focus primarily on current issues in Serbian
mines — on national level.

Novel EU policy documents related to sustainability are particularly
important for the mining sector - European Green Deal, EU Climate Law
and Pact, New Industrial Strategy for Europe and Circular Economy
Action Plan (Blengini et al., 2017; Zhu & Lin, 2021; Puska et al., 2022).

Towards green and digital transition to enable
better monitoring, reporting and prevention of
air, water and soil pollution and extends
mining machine lifetime.

Application of sustainability principles to mining is inherently
challenging, as mining is the act of removing and consuming a limited
resource. Agenda 2030 (Colglazier, 2015; Blengini et al., 2017; Moomen
et al., 2019) and the desired goal of climate neutrality by 2050 is a long
way off - sustainable mining is woefully hard to realize, especially in
mineral resource-rich developing countries and regarding Sustainable
Development Goals 3 and 6.

Field requires an urgent attention from
excellent and young scientists, stakeholders
and policy makers to fully embrace and pursue
the 2030 Sustainable Development Goals
(SDGs) agenda, especially in the direction of
the progress to decarbonation challenge.

Actions needed to solve current mining industry challenges must deploy Human Factors
and Ergonomics (HF/E) solutions offered in digital transformation era. But, according to recent
literature research on HF/E in a frame of Industry 4.0 is very scarce in all types of industry
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(Reiman et al., 2021; Neumann et al., 2021). A very few HF/E researchers’ publications on
HF/E in Industry 4.0 are available, however without empirical evidence to support theories and
developed models, without any connection to mining industry and without focusing on all
organizational levels in mining companies — operational, tactical and strategic. HF/E field is
even without mention in the vision of forthcoming Industry 5.0. EU document: Industry 5.0,
a transformative vision for Europe : governing systemic transformations towards a sustainable
industry enumerates and considers projects which deal with workplace conditions, psychosocial
factors and stress, but HF/E solutions are not foreseen there (European Commission,
Directorate-General for Research and Innovation, 2021). Therefore, The Smartminer project
aims to address all above-mentioned challenges, problems and issues recognized in 14.0 concept
and 15.0 vision through development of novel, advanced supporting systems based on 1) applied
research scientific methods based on experimental measurements and monitoring and 2)
economy pushed and society-driven innovation which integrates smart and ergonomic solutions
into sustainable mining machinery workplaces.

2. THEORETICAL FRAMEWORK

Most of the research on mining machinery is focused to dynamic modeling of structure
and mechanisms and aimed to extend machinery exploitation life (it is over 40 years, which
only increases pollution) and reliability and maintenance procedures improvement (Brki¢ et al.,
2014; Rusinski et al., 2017; Tanasijevic et al., 2019), since downtime/stoppage time leads to
losses close to 10000EUR/hour (Pantelic¢ et al., 2020). Research in sustainability fields are very
rare, although level of greenhouse gases and energy consumption in mining is far from
accordance with reduction plans and safety is far from desired (Mirzaei Aliabadi et al., 2018;
Maet al., 2019; Helmers et al., 2020). Safety and pollution are positively correlated and adverse
events are dominantly affected by human errors (Vega-Calderdn et al., 2021; Mirzaei Aliabadi
et al., 2018), while possible future avenues such as exoskeletons and body-worn sensors bring
new risks and privacy, perception and acceptance issues (Spasojevic¢-Brki¢ et al., 2015; Gorgey,
2018; Ghamari et al., 2022). Human errors are caused by numerous unsolved ergonomic issues
and it is evident that mining machinery operators and shift/site managers are not satisfied at
work (Dempsey et al., 2018; Loow et al., 2018). As logical consequence there is lower
productivity due to operator fatigue and discrepancies between behavioral characteristics and
company’s organizational culture (Parker et al., 2019; Han et al., 2020). Also, it is noticeable
that management practices in the mining sector are under-researched (Street et al., 2019;
Balogun et al., 2020) and that corporate governance and social responsibility issues need more
scholar attention (Saenz & Romero, 2020; Stojanovic et al., 2020). Similarly, in 14.0 research
focus are technical deployments and it is necessary to expand the knowledge to organizational
aspects and human-machine interaction — HF/E and management disciplines, with special
attention towards avoiding possible superintelligence dangers (Lodgaard & Dransfeld, 2020).
Accordingly, our concept goes beyond 15.0 which focuses only human without orientation
towards HF/E and organizational context (European Commission, Directorate-General for
Research and Innovation, 2021; Maddikunta et al., 2022).

Since there is evidenced obvious lack of addressing human and organizational factors
level completely novel The SmartMiner idea goes beyond the state-of-the-art by giving answers
to the following questions:

- Is mining machinery downtime caused primarily by technical/technological

causes and is there any hidden potential in human and/or organizational factors
for solving pollution and accidents issues?
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- How to improve productivity of mining machines through higher user (operator)
satisfaction, wellbeing, high motivation, and improved workload/organization?

- How to further improve safety in mining machinery operations and prevent
environmental degradation, displaced populations, inequality and increased
conflict?

- How to further lower mining machinery costs? How to solve challenges
connected to extended mining machinery exploitation life such as environmental
and health impacts, achieve energy efficiencies, etc.?

- How to make the mining industry a trusted partner for the development of wealth
and prosperity in the society? Can all those measures make local communities
happier?

Therefore, The SmartMiner aims to involve contextual, systematic approach and
integrate human, organizational and technical factors in order to offer, to domestic (and
international) industry, technological readiness for innovative, smart mining machinery cabins’
concept, which provides comfortable, well organized, unpolluted and safe work for operator
and shift/site manager, high business performances for company management, and cleaner and
healthier environment for society.

The concept of The SmartMiner is based on a paradigm shift from existing to novel,
flexible and scalable solutions based on combination of Human and Data Centric Engineering,
matching advanced operator (4.0&5.0) (Gladysz et al., 2023; Bechinie et al., 2024) and society
(5.0) (Yao et al., 2024) standards. Our concept, sketched in Figure 1, combines the stakeholder
requirements and, at the same time, put the operator wellbeing satisfaction and his sustainable
workplace in the center. Operator and his environment represent a set of complex interactions
between physical, psychosocial, and organizational factors and processes, which, if mastered
could lead to sustainable company performance and people-centric smarter society. Namely,
concept starts with operator environmental quality/ wellbeing issues solved by a combination
of cyber-physical system, ergonomics and real data analytics. Finally, data analytics and
maintenance algorithms should give an input towards society 5.0 by preventing/alarming
potential health issues or threats on individual and local community level.

When posting The SmartMiner concept, we had in mind an observation published in
(Crawford & Calo, 2016; Jankovic et al., 2021; Veckalov et al., 2023; Bozkurt & Gursoy, 2023;
Yampolskiy, 2024) in sense that "Machines and robots that outperform humans across the board
could self-improve beyond our control — and their interests might not align with ours". Broad
popular and scientific discourses concern massive use of Artificial Intelligence and Machine
Learning appeared. Some could argue that after the learning phase the production process could
continue without human intervention (European Commission, Directorate-General for
Research and Innovation, 2021; Maddikunta et al., 2022; Chinchane & Mutreja, 2023). This is
true but only for stable and repetitive processes, which for sure are not the case in mining
industry for now, which is in growing dynamics and uncertainty (European Commission,
Directorate-General for Research and Innovation, 2021; Maddikunta et al., 2022). Accordingly,
the learning should be employed as a continuous process (emphasized with red circles in Figure
2)! Therefore, the SmartMiner concept is original, novel and based on slogan “Human will be
always in center, and we should keep it so”. In a nutshell, we will analyze complex interactions
between physical, psychosocial/behavioral aspects of operator and organizational factors and
processes. Since concept focuses on environmental quality, we start the analyze by determining
operator’s micro and macro Human Factors and Ergonomics — HF/E environment. This is a part
of human centric engineering field. The collected data will be analyzed by data centric
engineering disciplines. Finally, by means of interdisciplinary human and data centric
approaches we will draw significant and applicable conclusions.
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3. RESEARCH METHODOLOGY

The SmartMiner methodology implied combines multiple design-based research (DBR)
cycles and design-based science (DBS), as shown in Figure 2, based on the following
hypothesis:

HO: Necessary step between operator 4.0&5.0 and society 5.0 is “management 4.0”,
which means human (and his environment) in the center and raising environmental quality
through micro (physical environment) and macro environment levels (organizational
environment).

H1: Level of necessary digitalization and automation of mining machinery workplace
depends on contextual factors — primarily on human and organizational factors.

H2: 1t is possible to prototype innovative support systems: 1. Operator’s ergonomic
seating adjustment system, serving to solve human factors issues and 2. Smart multi-sensorial
operator aid system and software system structural description model as constituent, serving to
solve both human and organizational factors issues. Both prototypes are prerequisite parts of
commercial Decision Support System.

H3: If level of HF/E, digitalization and automation and contextual factors are aligned,
high value of sustainability index must be achieved.

3.1. Research Design

Operator’s MICRO environment is represented by his physical environment - noise,
human vibration, lighting, temperature, air quality, workplace layout. Its solutions lie in the
field of physical and cognitive ergonomics. Job stressors load, if sustained over time, produces
adverse effects such as health and safety problems and lack of performance. Operator’s
MACRO environment is determined by organizational contextual factors - safety awareness,
competence and communication on operational and managerial level, organizational
environment dimensions, management support, risk judgment and management reaction, safety
precautions, accident prevention. This can be overcome by safety trainings and similar and
those solutions may lay in the fields of organizational ergonomics and job design. All those
factors impair and deteriorate employees’ results and sustainability.

Micro and micro levels as physical processes layers are to be connected and balanced
by real time analytics - digital processes layers to fit high sustainability performance indicators
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(economic, social, environmental etc.). Namely, stakeholders’ needs satisfaction starts with
data collection. Sensorial network data (although with low failure probability) will be controlled
and extended with organizational context and sustainability performance data collected by
questionnaires, filled by operators and managers. On micro HF/E level, operator’s ergonomic
support accessorize for anthropometric adjustment and sensors, which guarantee the necessary
comfort in usage, without any invasiveness, and high reliability will be used to improve,
measure and control operator’s physical environment job stressors (noise, lighting, temperature,
vibration, air quality, work place layout etc.), as they represent the first layer of a learning loop
and tool to improve overall performance (higher productivity and lower workplace stressors
and pollution). It is also important to point out that there are neither privacy nor acceptance
issues since sensors are not directed to operator such as in wearable devices but to operator’s
working environment, while other macro level data will be collected on voluntary, weekly basis
by questionnaires. Also, it is important to have in mind that the size of the sensors is of
insignificant dimensions in relation to the volume of the cabin of haulage trucks, bulldozers and
excavators in mining sector (ISO standard 3411:2010; ISO standard 2860:2010; 1SO standard
2867:2013) and they will be placed in accordance to work envelopes. After collection, data are
to be undergone to descriptive, predictive and prescriptive analytics to obtain measurement
scales and to get prediction, diagnostics and prognosis (preventive alarm function) as a service
and as a base of decision support system, which will optimize sustainability performance in the
second learning loop (“learning about learning”). Namely, “feedback loops where physical
processes affect computations and vice versa”, so human stand in the center and cooperate. In
that manner both operators’ and operations management — productivity, safety, environmental
and dispatching issues will be solved through optimized relationship between environment,
strategy and structure which leads to both economic results and solutions to environmental and
social problems in parallel. The cycle again reaches stakeholders needs and after receiving a
positive/negative feedback loop can continue towards sustainability and performance
improvement, as in Figure 2.
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Figure 2. The SmartMiner project methodology paradigm
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4. CONCLUSION

The progress beyond the state-of-the art is seen in the “main SmartMiner break-
through”, by expressing paradigm shift as following:

- The new decision system concept for mining industry, based on machinery
characteristics, ergonomic workplace design, smart resources for workplace
conditions control, improved work planning procedures and company organization
(the SmartMiner paradigm), which is transferable to other industries such as
agriculture, logistics, construction, maritime, etc.

- Operator’s ergonomic adjustment system as a novel technical solution.

- Multi sensorial aid system (as modular, but integrated tool), which enables the
implementation of the paradigm consisting in a unified set of methods for risk
management analysis on machine operator workplace through chains sensors-data
acquisition-data processing and analysis-improvement of a workplace-increase of
productivity.

- Software system structural description model, which covers planning and results on
4 levels — operator, shift/site manager, top management and society and enables
strategic or annual work plans realization through real-time measurement system
with final aim to improve sustainability indicators (Techno-Economic,
Environmental, Societal, Stakeholders and Voluntariness dimensions).

Accordingly, it is expected to increase productivity and wellbeing, based on optimal
operators’ workplace and proper management decision, as practice today suffers from lack of
real-data input in real-time which is crucial for decision makers!

Mining projects have direct and indirect environmental impacts and seriously affect
land, water, air, biota, and people, while mining equipment focused in this project has the
highest footprint (ISO standard 3411:2010; ISO standard 2860:2010; 1SO standard 2867:2013).
Beside the fact that mines are visible and can be heard, smelled and felt with all senses, since
modern societies need the products of mining, the global mining equipment market size was
valued at $125,274 million in 2020, and is expected to reach $165,827.8 million by 2027,
growing at a CAGR of 5.7% from 2020 to 2027. Surface mining equipment is expected to be
the most lucrative segment, Europe to have the highest - 10% CAGR and metal mining segment
to dominate the global mining equipment market throughout 2023-2032 (Chinchane & Mutreja,
2023). In the SmartMiner post-project phase from 2026 much steeper growth is expected, due
to paradigm shift resulting in high sustainability index achievement by this project.

The main global benefit and the main positive impact is software system structural
description model helpful in decision making on different organizational levels, based on
ergonomics and smart support systems in this novel, specific scientific field. It enables
improvement and optimization of techno-economic, environmental, societal, aspects of a
workplace, stakeholders and voluntariness sustainability indicators while maintaining the
highest standards of safety.

Other key impacts of this project for the stakeholders are:

- Solutions and practices considering operator and society 5.0 concepts.

- Environmentally and socially sustainable workplaces.

- Test sites for the benchmarking and the analysis of public acceptance and
awareness.

- Change of the stakeholders’ mindset: introducing a new way of thinking from
the collection of user requirements, to the iterative development and validation
of the system’s technical specifications, through a pilot demonstration and tests,
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through often involvement of different user groups — machinery operators,
shift/site manager, top management, crisis managers, resource/infrastructure
managers, and public agencies.

- Invigorated key players and investors by diminishing administrative and
financial costs which will boost exploration and increase the attractiveness of
mining sector, which is of special importance in Serbia.

- Promotion of customized solutions in similar workplaces in other sectors such
as agriculture, logistics, construction etc. and easily commercialized.

- Improvement in education and engagement of practitioners, policy-makers and
wider society with respect to the mining machinery and sustainability.

Aforementioned facts have direct global impact on the mining, environment, healthcare,
safety and economy. Similar industries and indirect impact can be envisioned on climate
change, healthcare, research, education, and other aspects of social development.
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Abstract: The mining industry is among those sectors that urge close attention to occupational
health and safety (OH&S). Occupational Health and Safety management promotes many
organizational practices based on carefully managing risks and reducing negative occurrences
in the production process. Implementing different OH&S practices can also foster significant
improvements in working conditions. However, the success of OH&S management efforts
depends on workers' attitudes towards OH&S practices and, consequently, their engagement.
Although many studies have explored factors influencing occupational health and safety
management, few have focused on the mining sector. The main goal of this study is to propose
and test measurement instruments for Organizational factors affecting Occupational Health and
Safety in the mining sector. The study provides two levels of empirical validation: Exploratory
and Confirmatory factor analysis. Exploratory Factor Analysis was conducted using SPSS,
while AMOS was employed for Confirmatory Factor Analysis. Exploratory Factor Analysis
exposed five factors defined by 21 items. Confirmatory Factor Analysis demonstrated the
reliability of the obtained factor structure. The proposed measurement scale resulted in good fit
indexes as well as convergent and discriminant validity. The study can significantly contribute
to further research in the field.

Keywords: Occupational Health and Safety, Organizational factors, Mining industry,
Measurement instrument

1. INTRODUCTION

Occupational Health and Safety (OH&S) is a universal issue in all industrial sectors.
Companies constantly invest efforts and resources in order to adequately deal with OH&S
problems, aiming to predict risks and prevent damages. Occupational Health and Safety
Management aims to establish specific OH&S policies and practices to address OH&S issues
adequately (Kim et al., 2019). Adequate management and implementation of OH&S practices
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requires significant commitment and involvement of all human resources in the company and
integration of OH&S in all segments of the business production system (Zohar & Luria, 2005;
Mohammadfam et al., 2016). The development of OH&S research and practice resulted in the
implementing of numerous programs that can bring significant benefits to companies. Multiple
benefits result from OH&S practices, including lower costs, less absenteeism, and fewer work
interruptions, leading to increased productivity and profits. OH&S management assumes the
incorporation of OH&S in job design, process design, HRM function, workers training and
development. Including the OH&S elements in all segments of the business production
processes contributes to a better organizational culture and acceptance of pro-safety behavior
by workers, which improves performance and contributes to the organization's overall goals
(Parker et al., 2017). Workers' familiarity with the organization's efforts and workers' perception
of the importance of OH&S is necessary for the adoption of an organizational safety culture.

Research dealing with occupational health and safety has a long history (Stavrianidis &
Rennie, 1996; Ghosh et al., 2004). Over the years, research has increasingly focused on certain
influential aspects concerning, for example, the causes of injuries (Ghosh et al., 2004; Lenné et
al., 2012; Liu et al., 2018), lifestyle factors (Sonnentag & Pundt, 2016) etc. The primary focus
of research is to understand and anticipate adverse events and take necessary measures to
improve OH&S organizational culture. The attention in the studies is directed to certain sectors
due to the specificity of the work environment and the different nature of the OH&S problems
that may occur (Zohar, 2014). Mining is a sector with extremely high occupational hazards and
still many accidents at work, and OH&S represents a critical element of the sustainability of
mining practices (Parker et al., 2017; Tetzlaff et al., 2021). A literature review conducted by
Nyoni et al. (2019) highlighted that the lack of research in the mining sector is a reliance on
secondary data, usually sourced from reports published by companies or regulatory bodies,
which raises concerns about the impartiality of the findings. On the other