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Sustainability Metrics for Assessing Technology
Developments in Sustainable Operations Management
Practices

Surdurulebilir Operasyon Yonetimi Uygulamalarinda
Teknoloji Gelismelerini Degerlendirmeye Yonelik
Surdurilebilirlik Olciitleri

Melisa OZBILTEKIN PALA
Abstract

Aim: This study aims to identify and evaluate sustainability metrics
that assess the environmental, economic, and social impacts of
technological developments in operations management. It seeks
to support sustainable decision-making in digital transformation
processes.

Method: A literature review was conducted to identify relevant
sustainability indicators. These metrics covering environmental
(e.g., energy efficiency), social (e.g., employee safety, digital skills),
and economic (e.g., cost-effectiveness) were further analyzed using
the Fuzzy CRITIC method to assign objective weights and ensure a
balanced, data-driven assessment.

Results: The Fuzzy CRITIC analysis revealed that Technology Payback
Period, Digital Skills & Upskilling Rate, Return on Technology
Investment, and Energy Efficiency Improvement were identified as
the most critical metrics in evaluating the sustainability impact of
digital technologies in operations management.

Conclusion: The proposed metrics offer a more holistic approach
to assessing technological advancements in sustainable operations.
This study provides practical insights for researchers, practitioners,
and policymakers seeking to align innovation with sustainability
goals in real-world settings.
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Amag: Bu calisma, operasyon yonetiminde teknolojik gelismelerin gevresel, ekonomik ve sosyal etkilerini

degerlendiren surdurilebilirlik metriklerini tanimlamayi ve analiz etmeyi amaglamaktadir. Dijital dontsim
sureglerinde strdirilebilir karar alma mekanizmalarini desteklemek hedeflenmistir.

Yontem: llgili stirdirilebilirlik gdstergelerini belirlemek icin bir literatiir taramasi yapilmistir. Cevresel
(6rn. enerji verimliligi), sosyal (6rn. galisan guvenligi, dijital beceriler) ve ekonomik (6rn. maliyet etkinligi)
boyutlari kapsayan bu metrikler, nesnel agirliklar atamak ve dengeli, veri odakl bir degerlendirme saglamak
amaciyla Fuzzy CRITIC yontemi ile analiz edilmistir.

Bulgular: Fuzzy CRITIC analizi, dijital teknolojilerin operasyon yonetiminde sirduirilebilirlige etkisinin
degerlendirilmesinde teknoloji geri 6deme siresi, dijital beceri ve yetkinlik gelistirme orani, teknoloji
yatirimlarinin geri donust ve enerji verimliligi iyilesmesi metriklerinin en kritik gostergeler olarak 6ne
¢iktigini ortaya koymustur.

Sonug: Onerilen metrikler, teknolojik gelismelerin siirdiiriilebilir operasyonlar agisindan daha biitiinciil bir
sekilde degerlendirilmesini saglamaktadir. Bu galisma, yeniliklerin strdurtlebilirlik hedefleriyle uyumlu hale
getirilmesini amaglayan arastirmacilar, uygulayicilar ve politika yapicilar igin pratik gikarimlar sunmaktadir.

Anahtar Kelimeler

Surdurlebilirlik, Operasyon Yonetimi, Dijitallesme, Performans, Karar Verme Modelleri

Introduction

The increase of the importance of digital technologies in operations management has transformed
the processes, proposing new operational dynamics (Angelopoulos et al., 2023). With this respect,
technological developments are one of the critical factors that trigger alterations in the operations
management field. Rapid developments through digitalization transform the landscapes of operations
management; therefore, radical changes caused by disruptive technologies should be managed by
organizations (Choi et al., 2022). However, sustainability is a great concern for organizations and it
should be considered as an integral component in adapting to these technological shifts. Sustainable
practices need to be embedded in every stage of digital transformation to ensure that environmental,
social, and economic impacts are effectively managed and minimized (Lai et al., 2023). These changes
also directly affect the metrics used to assess sustainable operations management practices. From
a more traditional point of view, metrics deliver necessary links between strategy, execution, and
value creation in processes (Melnyk et al., 2004). Hence, they are critical for overall efficiency and
operational success. Therefore, changes in operational procedures should be applied to metrics, and
organizations should adopt newer and up-to-date metrics.

Understanding how technological advancements contribute to sustainable operations
management requires a shift from traditional, one-dimensional performance metrics to more
integrated and meaningful indicators. While efficiency, cost reduction, and output rates remain
important, they no longer suffice on their own in evaluating the broader impacts of emerging
technologies in today’s complex operational landscapes (Hariram et al., 2023). Recent studies have
emphasized that sustainability across environmental, social, and economic domains has become
central to this assessment, reflecting the growing demand for responsible and future-oriented
management practices (Dichabeng et al., 2025). This necessitates a rethinking of how organizations
align technological integration with sustainability objectives, rather than treating them as separate
or sequential concerns.

By embedding sustainability into the core of operations, companies do not only minimize
environmental harm but also foster social equity and ensure economic resilience. Accordingly,
evaluating technology’s role in promoting responsible resource use, ethical labor practices, and long-
term profitability is no longer optional, it is a strategic necessity for modern operational excellence.

For any meaningful evaluation of technological solutions, it is now more important than ever to
consider all three dimensions of sustainability environmental, social, and economic. As organizations
navigate increasingly complex digital transformations, relying on traditional metrics alone is no
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longer sufficient. Instead, understanding and implementing modern sustainability indicators has
become a key factor in maintaining competitiveness, achieving operational efficiency, and fulfilling
broader sustainability commitments (Lai et al., 2023). Therefore, it is essential to take these aspects
of sustainability into account when evaluating sustainable operations. From this perspective, this
research seeks to recognize innovative sustainability metrics that have arisen due to technological
developments in operations management, emphasizing environmental, social, and economic
sustainability. It aims to provide recommendations for organizations looking to adopt these newer
sustainability metrics in their operations management practices, ensuring that technological
developments contribute positively to their sustainability goals.

This study is designed as follows: the second section will cover a detailed literature review that
discusses the evolving structure of metrics in operations management by comparing traditional
and newer metrics, with a particular focus on sustainability dimensions; environmental, social,
and economic. The third section will present the framework of the chapter, where new metrics are
introduced for sustainable operations management in the context of technology development. This
section willinclude different sub-sections, proposing distinct metrics for each sustainability dimension,
addressing how technological advancements contribute to sustainable operations. Section 4 covers
outline the methodology used to assess and evaluate the proposed metrics. The Fuzzy CRITIC method
will be introduced as the primary evaluation tool to measure and manage uncertainty and complexity
in the metrics, particularly for assessing sustainability outcomes in operations management. The
section will also describe the data collection process, model development, and any assumptions
made. After that, Section 5 consist of implementation and results. Lastly, discussions and conclusions.

Literature Review: Evolution of Metrics in Operations Management

Operations management is a strategic area that encompasses the processes of effectively planning,
executing and controlling the resources of organizations. Historically, metrics used to evaluate success
in this area have focused mostly on classical performance indicators such as productivity, efficiency,
cost control and delivery times (Neely et al., 1995). Especially with the development of process
improvement methods, these metrics have become the basic tools for measuring organizational
performance (Gunasekaran et al., 2001). According to literature review, there are lots of studies
about metrics in operations management (Melnyk et al., 2004; Gunasekaran & Kobu, 2007).

However, globalization, increasing environmental pressures, societal expectations and the rapid
development of digital technologies have transformed the scope of metrics used in operations
management. While traditional metrics focused only on short-term financial outputs, today
businesses must also consider multidimensional performance criteria such as long-term sustainability,
environmental responsibility, social impact and technological adaptation (Elkington, 1998; Kleindorfer
et al., 2005). Hence, sustainability becomes more important with the development of technology.
Academic studies conducted in recent years clearly demonstrate that operational performance
should be evaluated within the framework of sustainability. Ahi and Searcy (2013) state that the
indicators used in the context of sustainable supply chain management are quite diverse and that a
standard metric framework has not yet been established. Similarly, Chardine-Baumann and Botta-
Genoulaz (2014) emphasized the importance of multi-criteria performance measurement, arguing
that environmental, social and economic performance indicators should be considered together.

Besides sustainability, the role of technology has become increasingly central in this transformation
process. Especially with the integration of Industry 4.0, loT (Internet of Things), big data, artificial
intelligence (Al) and automation systems into operations management, measuring the impact of
technology on sustainability has become an important research area (Hwang et al., 2014; Frank et
al., 2019). Choi et al. (2022) states that digital transformation causes radical organizational structural
changes and that this transformation should be monitored with appropriate metrics. Moreover,
Angelopoulos et al. (2023) emphasize that digital technologies not only increase efficiency in
operational processes, but also positively affect environmental performance and social balance.

Recent studies further deepen this perspective by focusing specifically on artificial intelligence
and platform-based operational structures. Martuscelli et al. (2026) provide a comprehensive
systematic literature review on the use of artificial intelligence in operations management and
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propose a classification framework for achieving operational excellence in manufacturing. Their
findings highlight that Al-driven metrics increasingly focus on real-time decision-making, predictive
capabilities, and process adaptability rather than traditional static performance indicators. Similarly,
Yandamuri (2026) emphasizes the role of Al-enabled workflow automation and predictive analytics in
enhancing enterprise operations. The study shows that integrating predictive models into operational
processes not only improves efficiency but also enables more proactive and data-driven performance
measurement systems.

In addition, Fu et al. (2026) examine the evolution of supply chain ecosystems through
platformization and propose a two-stage model explaining how digital platforms reshape operational
structures. Their findings suggest that platform-based operations require new performance metrics
that capture network effects, collaboration intensity, and ecosystem-level value creation rather than
firm-level efficiency alone.

Therefore, in recent years, there is a need for consider sustainability and digital technologies
together in operations management (Akbari et al., 2022). The number of studies on determining
technology-focused sustainability metrics is increasing. For example, Machado et al. (2020)
examined the potential of digital technologies to reduce the environmental footprint. Similarly,
Yadav et al. (2020) analyzed the relationship between technological maturity level and sustainable
operational performance and proposed new metrics in this context. Moreover, Dichabeng et al.
(2025) comprehensively analyzes the role of digitalization in measuring sustainable performance by
focusing on the development of sustainability indicators in the context of smart and connected digital
production systems. Similarly, Duan et al. (2025) evaluates the impacts of digital technologies and
environmental sustainability on circular supply chains using the fuzzy TOPSIS model and numerically
bases the environmental benefits of technological integration. In addition, Opoku and Li (2025)
empirically examine the impacts of sustainable management practices on operational and sustainable
performance in developing economies, emphasizing the decisive power of managerial practices in
shaping sustainability performance. In line with these studies, this research also reveals that digital
transformation should be evaluated not only with its technological or economic dimensions, but also
with social and environmental sustainability indicators.

Therefore, by considering the importance of the topic, this study aims to determine
multidimensional and up-to-date sustainability metrics to measure the effects of technological
developments on sustainable operations management, based on these developments in the existing
literature. The developed metrics are expected to contribute to both the academic field and guide
practical applications.

Development of New Metrics for Assessing Technological Advancements in Sustainable Operations
Management

The rapid emergence of digitalization and advanced technologies has significantly reshaped
operations management in recent years (Lai et al., 2023). From Al and the loT to robotic process
automation and data analytics, these innovations are redefining how businesses manage workflows,
make decisions, and deliver value. While these tools offer clear gains in speed and efficiency
(Demartini et al., 2019), they also bring forward an urgent need to realign operational strategies with
sustainability goals (Jianing et al., 2024).

Sustainability today is no longer confined to environmental issues alone; it also encompasses
economic stability and social responsibility (Hariram et al., 2023). Improving operational efficiency
is valuable, but so is reducing ecological damage, ensuring ethical labor practices, and supporting
long-term financial resilience (Jianing et al., 2024). To fully understand the role of technology in
supporting these goals, there is a growing need for more comprehensive evaluation tools. Traditional
metrics such as cost reduction, speed, or throughput offer only a partial view. They often overlook
how technologies contribute to resource conservation, waste reduction, and social equity. Therefore,
operations managers must begin to incorporate updated sustainability metrics that reflect the
broader impact of digital technologies on people, profit, and the planet (Dichabeng et al., 2025).

In order to fill this gap, this study focuses on the development of new metrics that can evaluate
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the impacts of technological developments on sustainable operations management. These metrics
are based on three main sustainability dimensions: environmental sustainability, social sustainability
and economic sustainability. The metrics determined for each dimension measure how digital
technologies have an impact on operational processes and how these impacts contribute to long-
term sustainability goals (shown in Table 1).

Table 1. Sustainability Metrics

Sustainability Metrics

Explanation

Sustainability Dimension

Related Literature

Carbon Footprint
Reduction

Reduction in greenhouse gas
emissions thanks to technology

Environmental

Tabaku et al. (2025)

Energy Efficiency
Improvement

Reduction in energy
consumption per unit of output

Environmental

Cai et al. (2025)

Waste Reduction Rate

Reduction rate in waste
production through
digitalization

Environmental

Fatorachian & Pawar
(2025)

Sustainable Resource
Usage

More efficient use of resources
such as water, raw materials,
etc. with digital solutions

Environmental

Butturi et al. (2025)

Employee Health and

Effect of technologies such as

Period

new technologies

automation to reduce work Social Ozobu et al. (2025)
Safety Index .

accidents
Dlglt?| §k|||s & Raﬁte of development of digital Social Molla et al. (2025)
Upskilling Rate skills of employees

Access to technology and equal
Technf)logy utilization of all employee Social Cen et al. (2025)
Inclusiveness Index

groups
Return on Technology | Financial r.etur_n on Economic Ze & Loang (2025)
Investment technological investments

. Operational cost reduction

Cost SaV|.ngs through achieved through digital Economic Atieh et al. (2025)
Automation A

technologies
Technology Payback Investment payback period of Economic Gao et al. (2025)

In this study, a total of 10 metrics covering environmental, social and economic sustainability
dimensions were determined in order to evaluate the effects of technological developments on
sustainable operations management in a multidimensional manner. While traditional operations
management metrics generally focus on direct operational outputs such as efficiency, production
volume, cost reduction and delivery time; the metrics in this list aim to measure the effects of
technological developments on environmental, social and economic sustainability. Especially with
the spread of technologies such as digitalization, automation, Al and data analytics, indicators such
as carbon footprint reduction, energy efficiency, digital skill development and return on technology
investments have become important performance criteria of modern operations management.
Therefore, these sustainability metrics were developed to evaluate not only internal business efficiency
but also more responsible, inclusive and sustainable business models that create long-term value
and are often defined as “new generation metrics” in the literature. These metrics aim to measure
the effects of digitalization and technological transformation in today’s operational processes both
guantitatively and qualitatively. While environmental metrics measure direct environmental impacts
such as energy efficiency and carbon footprint, social metrics focus on human-oriented indicators such
as employee safety and increasing digital competencies. Economic metrics are aimed at evaluating
the financial return and cost-effectiveness of technological investments. These determined metrics
will be weighted with the Fuzzy CRITIC method in the continuation of the study, enabling an objective
and holistic analysis of sustainability performance.
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Methodology: Fuzzy CRITIC

Fuzzy Logic

The concept of fuzzy logic was first put forward in 1965 by Prof. Lotfi A. Zadeh. Zadeh’s aim was
to develop systems that could more closely mimic human thinking and decision-making processes
(Saoud et al., 2025). Fuzzy logic is a logic system that can model situations that cannot be defined
with clear boundaries, are uncertain or partially true (Hatefi et al., 2025). While the truth value of a
proposition in classical binary logic can only be “true” (1) or “false” (0), in fuzzy logic a proposition
can take any value between 0 and 1 (Dinger et al., 2025). This approach is quite effective in modeling
real-world uncertainties and “partially true” situations. One of the most important features of fuzzy
logic is that it can use linguistic variables to describe real-life uncertainty. In classical mathematical
systems, variables are usually defined with numerical (quantitative) expressions, but in fuzzy logic,
these variables can be defined in verbal terms, that is, in expressions naturally used by people. Such
expressions can be defined as “linguistic scales” or “linguistic terms”. The advantage of linguistic scales
is that they can better model human thinking (Gokalp & Eti, 2025). When making decisions, people
usually think not with precise numbers, but with verbal expressions such as “a little fast”, “very slow”,
“low risk”, “medium effective”. Thanks to fuzzy logic, these uncertain and relative expressions can be
converted into mathematical operations. This approach is particularly effective in expert systems,
Al applications, control systems, and user-oriented interfaces. For example, a washing machine can
automatically set the appropriate wash time by recognizing linguistic scales such as “lightly soiled,”
“medium soiled,” and “very soiled.”

For example, while the expression “the weather is hot” cannot be clearly evaluated as true or false
in classical logic, fuzzy logic makes a more flexible evaluation by assigning a truth value of 0.7 to this
situation. Recently, fuzzy logic is effectively used in many areas such as automatic control systems, Al,
robotics, air conditioning systems and medical diagnosis.

CRITIC & Fuzzy CRITIC Method

In intricate and unpredictable decision-making scenarios, accurately assessing the significance of
criteria is a crucial factor that directly influences the quality of the decisions made. In this situation,
the CRITIC (Criteria Importance Through Intercriteria Correlation) approach enables the identification
of objective weights founded on the degrees of variation and connection among criteria, eliminating
the necessity for subjective assessments from decision-makers (Diakoulaki et al., 1995). Nonetheless,
when uncertainty and ambiguous data are present in the decision context, the traditional CRITIC
approach might be inadequate (Haleem et al., 2021). The Fuzzy CRITIC method, designed for these
scenarios, integrates fuzzy logic concepts with the CRITIC methodology and incorporates fuzzy
information provided by decision-makers using linguistic terms (Haktanir & Kahraman, 2022). With
this approach, ambiguous relationships among criteria can be represented more accurately, leading
to more consistent weights. The literature suggests that the Fuzzy CRITIC method enhances decision-
making quality and serves as a valuable tool for addressing multi-criteria issues, particularly in
applications related to energy, sustainability, and industry 4.0 (Mukhametzyanov, 2021; Liu et al.,
2023). In this regard, Fuzzy CRITIC emerges as a comprehensive decision support instrument that
considers both uncertainty and inter-criteria relationships.

For implementation of fuzzy CRITIC;

Stage 1: Problem Definition and Criteria Determination

In the first step, the problem that is the subject of the decision-making process is clearly defined
and the evaluation criteria are determined. These criteria are selected according to the opinions of
the decision makers and the purpose of the study.

Stage 2: Determination of Linguistic Scale and Selection of Defuzzification Method of Fuzzy
Numbers

In this study, a seven-stage verbal evaluation scale was preferred in order to express expert
opinions linguistically in the decision-making process. Each linguistic expression was modeled with
the corresponding trapezoidal fuzzy numbers. Trapezoidal fuzzy numbers provide wider definition
ranges, especially compared to triangular structures, and enable more detailed and realistic modeling
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of uncertainty. In the stage of converting these data with fuzzy values into numerical form, a method
developed by Wang et al. (2006), which is frequently referenced in the literature, was used. The
method in question (Equation 1) calculates the average value by considering the four basic parameters
of the trapezoidal number and thus provides a single numerical value that can be used in decision
analyses.

A= 3(x e x e, - ) )
Linguistic Scale and the crisp values of the method is shown as following; Very Low (VL), Low (L),

Medium Low (ML), Medium (M), Medium-High (MH), High (H), Very High (VH) and the crisp values
are 0.067, 0.200, 0.350, 0.500, 0.65, 0.800, 0.933, respectively.

Stage 3: Decision Matrix Preparation

At this stage, a decision matrix is created that covers experts and metrics. Each decision maker’s
assessment of a particular metrics is located in a cell of the matrix and each value is symbolized by
air.

Stage 4: Normalization of the decision matrix

In this study, the criteria should be divided into two as beneficial and non-beneficial in nature.

For non-beneficial criteria, low values are preferred and, in this case, the normalization process is
carried out with Equality (3).

For beneficial criteria high values are considered more advantageous and normalization is carried
out using Equality (4).
In these equations;

X, presents the normalized matrix, a; is the minimum value, and a/_+ is the maximum value.

a,- a’

Xij = W
(3)

au - a"

a'-a;

ij
(4)

Stage 5: Calculation of Correlation Coefficient Between Criteria

The correlation between attributes can be found using equation 5 Py

)Tjand )Tk : mean values of jth and kth attributes.

2205 (57) A[En0%) 22 (x50 ®

Stage 6: Sample Standard Deviation Calculation

To obtain information about the distribution of each criterion and data spread, the sample
standard deviation is calculated with Equation (6).

o= {1/ (n-1) 25 (%) (©)

Stage 7: Determining index C.

The Cindex considers both the information content of the criteria and their relationship with other
criteria. This value is found using Equation (7) and represents the discrimination of each criterion.

¢ =030, 7
Stage 8: Calculation Weights of the Criteria

In the last step, the relative importance of each criterion, that is, its weight, is obtained with the
help of Equation (8). Weights are determined proportionally according to C indices. By comparing the
weight values obtained, the criteria can be analysed according to their order of importance.

W = 6/TG ®
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Implementation and Results

In this study, new sustainability metrics were determined in order to evaluate the impact of
technology developments on sustainable operations management. In this process, the weights
of sustainability metrics were calculated using the Fuzzy CRITIC method. In the first step, 10 basic
indicators based on environmental, social and economic sustainability dimensions reflecting
sustainability metrics were determined and the weights of each metrics were calculated using the
Fuzzy CRITIC method. A total of nine experts participated in the implementation of this method. The
professional characteristics of the participants are presented in the Table 2.

Table 2. Professional Characteristics of Experts

Experts Position Profession

Expert 1 Sustainability Manager Corporate Sustainability Strategy
Expert 2 Operations Manager Process Optimization

Expert 3 Environmental Consultant Sustainable Practices

Expert 4 Industrial Engineer Technology in Sustainable Production
Expert 5 Data Analyst Performance Analysis

Expert 6 Supply Chain Manager Sustainable Supply Chains
Expert 7 Renewable Energy Specialist Eco-friendly Technology

Expert 8 IT Specialist Automation in Operations
Expert 9 Corporate Finance Expert Cost-Benefit Analysis

The experts in this study are competent in the environmental, economic and social dimensions of
sustainability, as well as the impact of technological developments on operations management. The
experts have knowledge in areas such as sustainable production, green supply chain, data analysis,
environmentally friendly energy technologies and financial sustainability. In addition, a multi-faceted
approach has been adopted in which the use of technology is evaluated not only in terms of efficiency
but also in terms of social benefit and social responsibility. In this way, sustainable operations
management has been addressed from a holistic perspective.

Experts were asked to evaluate new sustainability metrics for technology developments in
sustainable operations management for by using the linguistic variables presented in Table 4. Expert
(E) evaluations for each metrics are presented in Table 3.

Table 3. Expert’s Linguistic Evaluations

Sustainability Metrics (SM) E1 E2 E3 E4 E5 E6 E7 E8 E9
S,,1 | Carbon Footprint Reduction L ML VL VL VL VH VL L VL
SM, | Energy Efficiency Improvement L L L L M L L L L
SM, | Waste Reduction Rate VL ML ML ML ML VL ML ML ML
SM, | Sustainable Resource Usage MH |MH | M M M M M M M
SM, | Employee Health and Safety Index | MH | VL MH | H MH | H MH | MH | VH
SM, | Digital Skills & Upskilling Rate H M H H H H H H H
SM, | Technology Inclusiveness Index H VH H VH VH VH VH ML VH
SM, | Return on Technology Investment | VL VL L L L L L M L
SM, | Cost Savings through Automation H ML H ML | VH ML ML ML | VL
SM,, | Technology Payback Period L ML |VL |VL |VL |VH |vL |L VL

In this study, the Fuzzy CRITIC method was applied through several systematic steps. First,
linguistic evaluations obtained from experts were converted into triangular fuzzy numbers based on
predefined scales. Then, these fuzzy numbers were defuzzied to obtain crisp values, which enabled
the construction of the initial decision matrix. In the next step, the decision matrix was normalized
by considering the type of criteria (benefit or cost). Subsequently, the standard deviation of each
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criterion was calculated to measure the contrast intensity, while the correlation coefficients between
criteria were used to determine the degree of conflict among them. Finally, the amount of information
for each criterion was computed, and the objective weights were derived accordingly.

The next stage involves representing each of the linguistic variables using crisp values, and a
normalized matrix is derived using equation 3. In this section, the attributes should be defined as
beneficial or non-beneficial. Since this study focuses on sustainability metrics, except “technology
payback period”, other attributes are categorized under beneficial attributes, and the aim is to
maximize these. “Technology Payback Period” is a cost-type criterion and here it is preferred to be
lower. In terms of sustainability, it is more advantageous to return the investment in a short time. The
normalized matrix for this study is presented in Table 4.

Table 4. Normalized Matrix
M, sM, sM, sM, sMm, sM, M, sM, sM, M,
SM, 0,182 0.327 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.846
SM, 0.182 0.154 0.182 0.154 0.500 0.154 0.154 0.000 0.154 1.000
SM, 0.000 0.327 0.386 0.327 0.327 0.000 0.327 0.250 0.327 0.500
SM, 0.795 0.673 0.591 0.500 0.500 0.500 0.500 0.500 0.500 0.327
SM, 0.795 0.000 0.795 0.846 0.673 0.846 0.673 0.750 1.000 0.000
SM, 1.000 0.500 1.000 0.846 0.846 0.846 0.846 1.000 0.846 0.154
SM, 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.250 1.000 0.000
SM, 0.000 0.000 0.182 0.154 0.154 0.154 0.154 0.500 0.154 1.000
SM,y 1.000 0.327 1.000 0.327 1.000 0.327 0.327 0.250 0.000 1.000
SM,, 0.182 0.327 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.846
After that, correlation values are presented in Table 5.
Table 5. Correlation Values
SM, |SM, |SM, |SM, |SM, |SM_ |SM, |SM, |SM, [SM,

SM, 1.000 0.544 0.918 0.768 0.873 0.563 0.776 0.475 0.593 -0.584
SM, 0.544 1.000 0.479 0.479 0.469 0.435 0.611 -0.042 | 0.402 -0.497
SM, 0.918 0.479 1.000 0.836 0.940 0.352 0.848 0.549 0.646 -0.616
SM, 0.768 0.479 0.836 1.000 0.744 0.538 0.988 0.634 0.956 -0.913
SM, 0.873 0.469 0.940 0.744 1.000 0.249 0.765 0.331 0.539 -0.460
SM 0.563 0.435 0.352 0.538 0.249 1.000 0.518 0.249 0.556 -0.594
SM, 0.776 0.611 0.848 0.988 0.765 0.518 1.000 0.601 0.924 -0.886
SM, 0.475 -0.042 | 0.549 0.634 0.331 0.249 0.601 1.000 0.643 -0.592
SM,y 0.593 0.402 0.646 0.956 0.539 0.556 0.924 0.643 1.000 -0.957
SM,, -0.584 |-0.497 |-0.616 |-0.913 |-0.460 |-0.594 |-0.886 |-0.592 |-0.957 | 1.000

Each metric’s standard deviation o, index values Cj, and weights w, are presented in Table 6.

Table 6. Standard deviation, index values, and weights

oi Cl Wi
SM, 0.4478 1.8236 0.0802
SM, 0.3224 1.9733 0.0868
SM, 0.3978 1.6105 0.0709
SM, 0.3581 1.4216 0.0626
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Table 6. Continue

o C, w,
SM, 0.3574 1.6258 0.0715
SM, 0.3949 2.4217 0.1066
SM, 0.3390 1.3071 0.0575
SM, 0.3333 2.0506 0.0902
SM, 0.4122 1.9369 0.0852
SM,, 0.4341 6.5545 0.2884

As a result of the evaluation made according to weight values, the effect of the criteria on the
decision process varies. The highest weight belongs to SM10 (0.2884); this reveals that SM10 is the
most decisive criterion in the decision-making process. Criteria such as SM6 (0.1066), SM8 (0.0902)
and SM2 (0.0868) also have relatively high weight and make a significant contribution to the process.
In contrast, the lowest weight was observed in SM7 (0.0575); this shows that the effect of SM7 on the
decision process is limited. Similarly, SM4 (0.0626) and SM3 (0.0709) are evaluated as lower priority
criteria with low weight. In this context, SM10 is the prominent criterion, and criteria such as SM6 and
SM2 are among the important elements that follow it.

Discussions and Conclusion

In this study, 10 performance criteria covering environmental, social and economic sustainability
dimensions were determined in order to evaluate the effects of digital technologies on sustainable
operations management and the weights of these criteria in decision processes were analyzed.
According to the results, it was observed that there were significant differences between the priorities
of decision makers.

The findings obtained in this study reveal that the impact of digital technologies on sustainability
performance should be evaluated multidimensionally, not only at the operational but also at the
managerial level. The digital transformation process should not be reduced to technology investments
alone; strategic integration of this process with economic, social and environmental sustainability
dimensions is of critical importance for managers.

In the existing literature, the impact of digital technologies on sustainability performance is
generally addressed within the framework of operational efficiency, cost advantage and process
optimization (Choi et al., 2022; Atieh et al., 2025). However, most of these studies do not examine the
social and environmental sustainability dimensions in a sufficiently holistic manner. The findings of
this study provide an original contribution to the literature in that they show that not only economic
but also social and environmental metrics can be decisive in business decision processes. In contrast
to prior studies that predominantly emphasize operational efficiency, the present findings suggest a
more balanced decision structure in which social and environmental criteria also play a significant
role. This indicates a shift from a purely efficiency-driven perspective toward a more integrated
sustainability-oriented evaluation framework.

The highest weight in the analysis results belongs to the “technology payback period” (SM10)
criterion. This finding reveals that managers primarily consider short-term financial returns in digital
investments. Similarly, in the studies of Ze and Loang (2025) and Gao et al. (2025), it is stated that the
payback period is an important factor in shaping investment decisions. However, it should be noted
that decision structures that focus only on short-term economic benefits may undermine long-term
sustainability goals. This finding is consistent with the dominant techno-economic perspective in the
literature; however, unlike previous studies, the current results also demonstrate that such short-
term financial prioritization coexists with increasing attention to non-economic criteria. This suggests
that while traditional investment logic remains influential, it is no longer the sole determinant in
decision-making.

One of the most striking aspects of the findings is that the “digital skills and upgrade rate” (SM6)
criterion, one of the social sustainability indicators, was evaluated with the second highest weight.
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These findings suggest that organizations increasingly recognize the strategic value of human resource
competence within digital transformation efforts. Supporting this view, Molla et al. (2025) highlight
that improving employees’ digital skills directly enhances a company’s ability to adapt to change and
innovate effectively. Therefore, managers are encouraged to treat human capital investment not as an
auxiliary measure but as a core component of digital transformation strategies, embedding training
and upskilling programs into broader organizational planning. Compared to earlier studies that treat
workforce capabilities as a supporting factor, the high ranking of this criterion in the present study
indicates that human capital is increasingly positioned as a central driver of digital transformation
success.

The third-highest ranked criterion is return on technology investment (SM8) reflects a strong
managerial expectation that digital technologies will yield not only infrastructure improvements
but also measurable contributions to profitability. This aligns closely with Atieh et al. (2025), who
underline the economic rationale driving many digital transformation initiatives.

An equally important insight emerges in the area of environmental sustainability: the energy
efficiency increases criterion (SM2) received a nearly equal weight to SM8. This challenges the
assumptions of prior studies, such as Tabaku et al. (2025), where environmental metrics are often
underemphasized in decision-making frameworks. In contrast, this study indicates that environmental
indicators like energy efficiency can rise to strategic prominence when they clearly translate into cost
savings. This underscores a practical shift manager are more likely to prioritize sustainability when it
aligns with operational efficiency and financial logic.

Taken together, these insights reveal the growing need for a strategic mindset in digital
transformation that acknowledges sustainability’s multidimensional nature. Rather than chasing
quick returns alone, leaders must strike a balance between short-term efficiencies and long-
term value creation, ensuring that technological adoption supports resilience, responsibility, and
competitiveness across all fronts. Although financial indicators such as payback period are decisive
in decision-making processes, strategic sustainability criteria such as human resource development
and energy efficiency should not be ignored beyond these indicators. Decision structures focusing on
such long-term effects will enable institutions to achieve permanent and comprehensive success in
digital transformation.

However, digital skill development stands out as a key determinant in the success of digitalization.
The fact that this criterion has the second highest importance in the study clearly shows that human
capital is a strategic resource as much as technology. Therefore, managers’ investments in developing
employees’ digital competencies will increase institutional resilience, facilitate technological
adaptation and strengthen transformation capacity.

On the other hand, the high weight given to environmental sustainability criteria such as energy
efficiency shows that such metrics are not only a part of corporate social responsibility but also an
important element of financial sustainability. Digital solutions that provide energy savings contribute
to reducing environmental impacts and provide direct economic benefits to institutions by reducing
costs. In this context, it is important for managers to integrate environmental metrics into their digital
investment strategies in a holistic manner.

From a practical perspective, the findings of this study provide several actionable implications
for managers and decision-makers. First, managers should not rely solely on short-term financial
indicators such as payback period when evaluating digital investments; instead, they should adopt
a balanced evaluation framework that incorporates social and environmental criteria. Second,
organizations are advised to prioritize employee digital skill development by systematically investing
in training and upskilling programs, as human capital has been identified as a critical success factor
in digital transformation. Third, environmental performance metrics, particularly energy efficiency,
should be explicitly integrated into investment decision models, as they contribute simultaneously to
cost reduction and sustainability goals. Finally, decision-makers are encouraged to design integrated
performance measurement systems that align digital transformation initiatives with long-term
sustainability strategies.
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As a result, the multi-dimensional sustainability approach has become not only a preference for
managers in today’s digital transformation processes, but also a strategic necessity that will create a
competitive advantage. Digital investments should no longer be limited to economic output targets;
they should be evaluated with a holistic perspective that includes areas such as social development,
employee competence and environmental impact. This study clearly shows managers that
sustainability should not be considered as a supporting element, but as a fundamental management
priority that should be positioned at the center of digital transformation strategies. The long-term
sustainability of corporate success will only be possible with the balanced and strategic integration of
economic, social and environmental criteria.
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Ozet

Bu ¢alisma, dijital teknolojilerin siirdiiriilebilir operasyon yénetimine etkilerini degderlendirmek
amaciyla cevresel, sosyal ve ekonomik boyutlari kapsayan ¢ok boyutlu stirdiiriilebilirlik metriklerini
belirlemeyi ve analiz etmeyi amaglamaktadir. Dijital déniisim ¢adinda, teknolojik gelismelerin
isletmeler lizerindeki etkileri yalnizca verimlilik veya maliyet avantajlari ile sinirlh kalmamakta;
cevresel etkiler, calisanlarin dijital yetkinlikleri ve yatirimlarin ekonomik geri déniisleri gibi bircok
sdrdiirtlebilirlik gostergesini de dogrudan etkilemektedir. Bu baglamda calisma, siirdiiriilebilirlik
performansinin élgiimiinde kullanilabilecek giincel metriklerin belirlenmesi ve bu metriklerin karar
verme slire¢lerindeki agirliklarinin analiz edilmesi lizerine odaklanmistir.

Calismada ilk olarak literatiir taramasi ile toplam 10 sirdiiriilebilirlik metrigi belirlenmistir.
Bu metrikler gevresel (karbon ayak izi azaltimi, enerji verimliligi, atik azaltimi, kaynak kullanimi),
sosyal (calisan gtivenligi, dijital beceri gelisimi, teknolojiye erisim) ve ekonomik (yatirrm geri
dénlst, otomasyonla maliyet tasarrufu, teknoloji geri 6deme siiresi) stirdiiriilebilirlik boyutlarinda
siniflandirimistir.  Metriklerin karar siireglerindeki énem diizeyleri, ¢ok kriterli karar verme
tekniklerinden Fuzzy CRITIC yéntemi kullanilarak belirlenmistir. Bu yéntem, hem kriterler arasindaki
iliskivi hem de veri belirsizliklerini dikkate alarak objektif agirlik hesaplamasi yapiimasina imkén
tanimaktadir.

Calisma kapsaminda, farkl sektérlerden dokuz uzman dederlendiriciye séz konusu metrikler
sunulmus ve uzmanlarin dilsel ifadeleri sayisal degerlere déndiistiiriilerek analiz yapilmistir. Analiz
sonucunda, en yiiksek adirliga sahip kriterin «teknoloji geri 6deme siiresi» oldugu belirlenmistir.
Bu bulgu, yéneticilerin dijital yatirnmlarda kisa vadeli finansal geri déniisleri 6ncelikli olarak dikkate
aldigini géstermektedir. Ancak bu yaklasimin uzun vadeli siirdiiriilebilirlik hedeflerini gélgede
birakabilecedi uyarisinda bulunulmaktadir.

ikinci en yiiksek adirlik ise «dijital beceri ve yetkinlik gelistirme orani» kriterine verilmistir. Bu
sonug, sosyal sirdiiriilebilirlik boyutunun, 6zellikle dijital déniisiim siireclerinde insan sermayesinin
gelistirilmesinin kurumsal basarida stratejik bir rol oynadigini ortaya koymaktadir. Ugiincii en yiiksek
agirlik ise «teknoloji yatirimlarinin geri dénlisii» metriginde g6zlemlenmistir. Bu bulgu, isletmelerin
teknolojiyi yalnizca operasyonel iyilestirmeler igin degil, ayni zamanda kérlihk amaciyla da stratejik
olarak degerlendirdigini géstermektedir.

Dikkat ¢ekici bir diger sonug ise, ¢evresel siirdiiriilebilirlik gdstergelerinden biri olan “enerji
verimliligi iyilesmesi” metriginin, ekonomik géstergelere yakin bir agirlikta degerlendirilmis olmasidir.
Bu durum, gevresel kriterlerin karar siireglerinde yalnizca sosyal sorumluluk baglaminda degil, ayni
zamanda maliyet diisiiriicii ve verimlilik artirici etkileriyle de 6nemli bir yer tuttugunu géstermektedir.

Elde edilen bulgular, dijital déniisiim siireglerinde siirdiiriilebilirlik degderlendirmesinin yalnizca
operasyonel degil, ayni zamanda yénetsel diizeyde de biitiinciil olarak ele alinmasi gerektigini ortaya
koymaktadir. Karar vericilerin sadece ekonomik kazanimlari degil, ayni zamanda ¢alisan gelisimi
ve gevresel etki gibi sosyal ve gevresel unsurlari da dikkate almasi, kurumlarin uzun vadeli basarisi
icin kritik 6nemdedir. Calisma, ayrica mevcut literatiire 6zgiin bir katki sunarak, dijital teknolojilerin
sdrdiiriilebilirlik performansi lizerindeki etkisini biittinciil ve ¢cok boyutlu bir yaklasimla analiz etmenin
gerekliligini vurgulamaktadir.

Sonug olarak, bu ¢calisma dijital déniisiim stratejilerinde siirdiiriilebilirligin merkezi bir unsur olarak
ele alinmasi gerektigini, teknolojik yatirimlarin yalnizca kisa vadeli ekonomik getirilere degil, ayni
zamanda sosyal gelisim ve gevresel siirdiiriilebilirlige katki saglamasi gerektigini ortaya koymaktadir.
Gelistirilen metrikler ve kullanilan yéntem, hem akademik ¢alismalar hem de uygulayicilar igin stratejik
karar alma siireglerinde degerli bir ara¢ sunmaktadir.
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