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Abstract 

Digital transformation and sustainability are increasingly interconnected yet often studied in 
isolation. This paper introduces the Digital Sustainability Sequencing (DSS) framework, a mid-level 
model that guides organizations in aligning digital tools with sustainability goals through flexible, 
non-linear pathways. Based on a systematic review of 155 peer-reviewed articles and 30 analytical 
memos, supported by bibliometric mapping, DSS identifies three interrelated phases: (1) Digital 
Infrastructures for Operational Efficiency (DSS1), (2) Intelligent Integration for Sustainable Value 
(DSS2), and (3) Regenerative Ecosystem Models (DSS3). Each phase is characterized by enabling 
technologies, organizational routines, boundary conditions, and ethical dilemmas, synthesized 
through the DSS-E rubric: transparency, inclusivity, and accountability. Unlike traditional maturity 
models, DSS emphasizes path dependency and reversibility, capturing leapfrogging, stagnation, and 
regression. The framework offers testable propositions linking adoption logics, capability formation, 
and ecosystem orchestration. For managers and policymakers, DSS serves as a diagnostic tool to 
assess digital readiness, avoid efficiency-only lock-ins, and design inclusive governance. Overall, DSS 
bridges micro-level adoption with macro-level sustainability transitions, providing actionable 
insights for regenerative business strategies. 

Keywords: digital transformation; sustainability; sequencing; ethical governance; platform 
ecosystems; dynamic capabilities 
 

1. Introduction 

Digital transformation and sustainability have become key priorities for businesses and 
governments, shaping research, management strategies, and public policies. Technologies like AI, 
IoT, blockchain, and big data are now widely used to tackle sustainability challenges by enhancing 
energy efficiency, facilitating circular economy strategies, and improving supply chain transparency. 
For instance, AI optimizes demand forecasting and resource allocation [1], while blockchain and IoT 
improve real-time traceability [2,3]. Collectively, these capabilities are positioned as enablers of the 
United Nations Sustainable Development Goals (SDGs) [4,5]. However, the relationship between 
digital technology and sustainability is neither linear nor challenging. Unintended consequences, 
such as increased energy consumption, electronic waste, algorithmic bias, and new forms of 
inequality, underscore the ambivalence of digitalization [6,7]. Governance dilemmas persist as 
precautionary and laissez-faire approaches contend with calls for adaptive regulation (Linkov et al., 
2018). The COVID-19 pandemic made this clearer: digital tools helped keep services running, but 
many regions struggled due to poor infrastructure and low digital literacy [8]. Even in developed 
countries, digitalization raises ethical issues, including surveillance risks tied to transparency 
technologies [9]. 

Research from different fields shows just how complex the link between digitalization and 
sustainability really is. Operations management tends to focus on making processes more efficient, 
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information systems look at how digitally mature organizations are and how they evolve, while 
environmental economics concentrates on reducing energy use and emissions [10–12]. These views 
are useful, but they’re often disconnected, making it hard to build strategies that truly combine digital 
innovation with sustainability goals. That’s why we need frameworks that reflect how digital 
capabilities grow over time, often in uneven, unpredictable ways. Digitalization isn’t a fixed stage to 
reach; it’s a dynamic journey where companies and ecosystems can move forward, get stuck, mix 
approaches, or even fall back. Yet many existing models oversimplify this by using rigid maturity 
scales that ignore uncertainty, reversibility, and the role of feedback. 

To fill this gap, the study introduces the Digital Sustainability Sequencing (DSS) framework. 
Based on a thorough review of 155 peer-reviewed articles and 30 analytical memos, DSS outlines 
three connected phases: (1) building digital infrastructure, which involves core technologies and data 
systems; (2) integrating intelligent capabilities, where tools like AI, big data, and servitization help 
create sustainable value; and (3) regenerating ecosystems, which focuses on collaboration, 
stakeholder involvement, and circular business models. Unlike traditional models that assume a 
straight path of progress, DSS recognizes that development can be non-linear, with organizations 
leapfrogging stages, mixing approaches, or even moving backward. 

This study contributes in three keyways. Theoretically, it offers a mid-level framework that 
connects technology adoption, capability building, and ecosystem transformation through a 
sequencing lens. Methodologically, it brings together fragmented research using a structured review 
and bibliometric analysis. Practically, it gives managers, consultants, and policymakers a tool to 
assess digital readiness, anticipate different development paths, and plan for long-term sustainable 
change. By viewing digitalization as a socially embedded process, not just a technical upgrade, DSS 
provides a more realistic understanding of how digital tools can both support and complicate 
sustainability efforts. 

2. Literature Background 
2.1. Sustainability and Digitalization: A Converging but Ambivalent Agenda 

The growing overlap between sustainability and digitalization has become a major topic in 
academic research. Technologies like AI, IoT, blockchain, and big data are now widely used to 
support sustainability goals such as cutting energy and water use in farming and manufacturing, 
improving logistics, and enabling circular economy models. Studies show that IoT sensors help 
monitor resources, AI improves supply chain decisions, and combining blockchain with IoT builds 
trust and traceability across industries [13–15]. Beyond operational efficiency, these technologies 
pave the way for regenerative practices, closed-loop systems and collaborative business models. 

However, this optimistic narrative is complicated by the enduring contradictions. Digitalization 
also introduces new challenges, including increased energy consumption, electronic waste, 
algorithmic bias, and widening inequality [16,17]. Governance issues are particularly significant, 
especially concerning data sovereignty, centralization versus decentralization, and ethical design of 
digital systems [18]. Context is crucial: while some firms and regions leverage digital tools to expedite 
sustainability transitions, others face infrastructural deficits, skill shortages or institutional inertia 
[19,20]. These tensions indicate that digitalization is not inherently sustainable but rather a socially 
embedded process whose outcomes are contingent on capabilities, infrastructure, and governance 
arrangements [21]. 

2.2. Fragmentation in the Current Literature 

Although the field of digital sustainability is rapidly expanding, the existing literature remains 
fragmented, hindering the development of cumulative theories and practical guidance. One stream 
of research focuses narrowly on specific technologies, yielding insights into the application of 
blockchain in food traceability or artificial intelligence in predictive maintenance. However, this focus 
often overlooks the systemic integration of these technologies across various tools and sectors [22,23]. 
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Another research domain investigates the adoption of digital sustainability at various maturity levels. 
Small and medium-sized enterprises (SMEs) in emerging economies encounter challenges such as 
funding gaps, inadequate digital literacy, and low absorptive capacity [24,25], whereas advanced 
firms in industrialized settings leverage platform ecosystems to implement servitization and circular 
economy strategies [26]. This divergence complicates the generalization process. 

The theoretical contributions are similarly diverse, yet fragmented. Industry 4.0 maturity models 
focus on staged readiness, servitization emphasizes the reconfiguration of value chains, and circular 
economy approaches highlight the importance of closed-loop systems. While each offers valuable 
insights, they are limited in scope. Emerging paradigms, such as Industry 5.0 and Society 5.0, redirect 
attention towards human-centric and systemic perspectives [12,27], although their empirical impact 
remains limited. On top of that, the methods used like SEM, fsQCA, multicriteria decision-making, 
and bibliometric analysis shed light on different aspects but don’t come together in a unified way. As 
a result, it’s still unclear how organizations move between stages, what capabilities help them 
progress, and what causes them to stall or fall back. 

2.3. Positioning the DSS Framework 

The Digital Sustainability Sequencing (DSS) framework tackles these challenges by bringing 
together insights from 155 peer-reviewed studies and 30 analytical memos. Instead of viewing digital 
sustainability as a final destination, DSS sees it as an evolving journey made up of three 
interconnected phases: 

• DSS1 – Infrastructure Development focuses on building the basic digital foundations, like data 
systems and IoT networks. 

• DSS2 – Capability Integration is about using advanced tools, such as AI, big data, and 
servitization, to create sustainable value. 

• DSS3 – Ecosystem Regeneration shifts the focus to collaboration, stakeholder involvement, and 
circular business models that aim for regenerative outcomes. 

Unlike traditional maturity models that assume a step-by-step path, DSS recognizes that 
progress can be non-linear. Organizations may move forward, combine phases, or even go backward. 
This makes DSS both a practical roadmap and a diagnostic tool for understanding how companies 
and systems evolve toward sustainability. 

2.3.1. Comparison with Organizational Maturity and Industry 4.0 Models 

Traditional maturity models, based on readiness–development–maturity logics, tend to 
prioritize efficiency and adopt a firm-centric perspective. While servitization broadens this view to 
encompass value chain transformation, it still tends to underemphasize systemic interactions [28,29]. 
The DSS framework takes a different approach. It goes beyond linear progress and includes feedback 
loops, the possibility of moving backward, and goals focused on regeneration. Instead of fixed stages, 
DSS offers a flexible sequence that connects technologies, organizational practices, and governance 
into a unified path (see Table 1). 

Table 1. DSS vs. Conventional Digital Maturity and Servitization Models. 

Dimension Conventional Maturity / 
Servitization Models 

DSS Framework 

Progression 
Logic 

Linear, stepwise (readiness → 
development → maturity) 

Adaptive sequencing: non-linear, 
hybrid, leapfrogging possible 

Focus Firm-level efficiency and digital 
readiness 

Sustainability-driven transformation 
across firm and ecosystem levels 

Scope Technology adoption and 
process integration 

Technologies + organizational 
routines + sustainability governance 
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End Goal Operational maturity or 
servitized value chains 

Regenerative ecosystems and 
systemic sustainability impacts 

Limitation Neglects feedback loops, 
regressions, and cross-level 

dynamics 

Explicitly theorizes reversibility, 
path-dependence, and systemic 

alignment 
Note. Conceptual contrasts on progression logic, focus, scope, end goal, and limitations. Source. Authors’ 
synthesis of maturity/servitization literature cited in Section 2.3.1. 

2.3.2. DSS in Contrast to Systemic Transition Frameworks: MLP, ACT, and Beyond 

Systemic frameworks, such as the Multilevel Perspective (MLP) and Adaptive Cycle Theory 
(ACT), effectively capture socio-technical transitions and resilience dynamics. Nevertheless, these 
frameworks are characterized by a high degree of abstraction and a macro-oriented focus, which 
limits their diagnostic utility for firms and managers [30,31]. The DSS framework fills this gap by 
working at the meso level connecting what happens inside organizations with the dynamics of the 
wider ecosystem. It helps explain real-world patterns like overlapping phases, reversals, and hybrid 
strategies that companies often use in practice (see Table 2). 

Table 2. DSS vs. Transition and Resilience Theories (MLP, ACT). 

Dimension Multi-Level 
Perspective 

(MLP) 

Adaptive Cycle 
Theory (ACT) 

DSS Framework 

Unit of 
Analysis 

Socio-technical 
regimes, niches, 

landscapes 

Ecosystems and 
ecological resilience 

Firms and ecosystems (meso-
level) 

Dynamics Evolutionary, 
multi-level co-

evolution 

Cyclical (growth → 
conservation → 

release → 
reorganization) 

Sequenced but adaptive 
progression (DSS1–DSS3) 

Strengths Explains systemic 
lock-ins and 
transitions 

Captures resilience 
and cycles of change 

Offers diagnostic phases at 
organizational/sectoral level 

Limitations Abstract, macro-
level, limited 
managerial 
guidance 

Ecosystem-centric, 
little on firms/tech 

adoption 

Provides applied, firm-
centered pathway aligned 

with sustainability transitions 

Note. Comparative mapping of the unit of analysis, dynamics, strengths, and limitations across frameworks. 
Source. Authors’ synthesis drawing on transition/resilience scholarship discussed in Section 2.3.2. 

Recent frameworks, such as Industry 5.0, Society 5.0, and Circular Transition Indicators, offer 
valuable normative and measurement perspectives. However, they fall short in addressing 
sequencing and the relevant governance mechanisms. For example, the logistics and industrial 
applications within Industry 5.0 require detailed modeling and optimization strategies, such as 
integrating reverse logistics, to drive the broader goals of a circular economy [32]. In case of Society 
5.0, although it lays a foundational model for future societal frameworks, detailed governance 
mechanisms and advanced collaborative systems remain underexplored [33]. The Digital 
Sustainability Sequencing (DSS) addresses these gaps by embedding these elements into an adaptive 
progression and explicitly integrating ethical governance through the DSS-E rubric (Table 3). While 
systemic frameworks like MLP and ACT inform transition dynamics, the DSS complements them by 
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offering meso-level diagnostics that can be incorporated into foresight practices, such as scenario 
planning and cross-impact analysis. 

Table 3. DSS vs. recent framework (Industry 5.0, Society 5.0, CE-Indicators). 

Criterion DSS Industry 5.0 Society 5.0 Circular Transition 
Indicators 

Purpose Regenerative, 
ecosystem-

oriented 

Human-centric, 
resilient 

Digitally 
enabled societal 

well-being 

Measurement of 
circularity 

Logic Sequential, 
adaptive, 
non-linear 

Normative 
vision 

Macro-societal 
vision 

Metric toolkit 

Unit of 
analysis 

Firm + 
ecosystem 

(meso level) 

Industry/policy Society Project/organization 

Mechanisms Capabilities + 
ethical 

governance 

Human–
machine co-

creation 

Digital–societal 
integration 

KPIs/indicators 

DSS novelty Links 
adoption → 
capabilities 
→ platforms 

→ 
regeneration, 
with DSS-E 

as a transition 
switch 

Complementary Complementary Integrates KPIs as 
inputs in DSS2–

DSS3 

Note. Positioning DSS against normative/macrosocietal and indicator-focused approaches highlights 
complementarities and DSS novelty (DSS-E switch). Source. Authors’ synthesis of the recent frameworks 
reviewed in Section 2.3.2. 

2.4. Theoretical Integration and Boundaries 

To avoid becoming just a mix of disconnected ideas, the Digital Sustainability Sequencing (DSS) 
framework is designed as a coherent and integrative model. It carefully brings together key concepts 
from well-established theories: 

• For DSS1, the Technology–Organization–Environment (TOE) framework explains how 
organizations adopt new technologies. 

• For DSS2, the Resource-Based View and Dynamic Capabilities show how companies build and 
use digital skills to create sustainable value. 

• For DSS3, Platform Theory helps understand how ecosystems are coordinated and how different 
actors work together. 

In addition, broader theories like the Multilevel Perspective (MLP) and Actor-Network Theory 
(ACT) offer insights into how systems evolve, which DSS translates into practical tools for 
organizations. 

What makes DSS unique is its ability to connect these ideas into a flexible sequence starting with 
adoption, moving through capability building, and ending with ecosystem regeneration. Ethical 
governance (DSS-E) plays a key role throughout, acting as a dynamic capability that shapes whether 
and how organizations move between phases. In this way, DSS goes beyond the limits of traditional 
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maturity models and abstract transition theories, offering a practical and structured way to 
understand and guide digital sustainability efforts. 

3. Methodology 
3.1. Search Strategy and Selection Protocol 

To better understand how digital transformation and sustainability intersect, we carried out a 
structured literature review covering the period from January 2015 to January 2024, a decade marked 
by a surge in publications on digital sustainability. We searched two major databases, Scopus and 
Web of Science, using a combination of keywords like “digital transformation,” “sustainability,” 
“circular economy,” “regenerative business,” and “Industry 4.0.” 

We limited our review to peer-reviewed journal articles written in English and available in full 
text. Editorials, conference abstracts, duplicates, and articles with limited relevance were excluded. 
While this approach helped ensure consistency, it also meant we left out grey literature, regional 
publications, and non-English sources, a limitation we acknowledge and discuss later in Section 7. 

Following PRISMA guidelines (see Figure 1), we started with 400 records. After screening, 175 
remained, and we ultimately selected 155 for detailed analysis (Appendix A). From these, we chose 
30 highly influential articles for deeper examination based on their citation impact, methodological 
depth, and relevance to the digital–sustainability link. We stopped at 30 because the themes began 
repeating, indicating that we had reached saturation and further additions wouldn’t add new 
insights (Appendix B). 

 

Figure 1. PRISMA flow diagram of article selection process. Note. Screening protocol for the structured review 
(January 2015–January 2024). Filters: peer-reviewed journal articles, English, full text; duplicates, and marginal 
items excluded. The counts are shown at each stage. Source. Authors’ adaptation of PRISMA 2020, based on 
Scopus and Web of Science searches reported in the manuscript. Data: final corpus of 155 articles. 
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3.2. Coding Strategy and Analytical Memos 

The synthesis employed an abductive methodology that iterated between inductive coding and 
theoretical framing. A comprehensive review of each of the 155 articles was conducted, and 
qualitative codes were assigned to encapsulate five dimensions: (1) enabling technologies, (2) 
sustainability outcomes, (3) organizational capabilities, (4) theoretical grounding, and (5) alignment 
with the DSS phases. A preliminary codebook was piloted on 20 articles, iteratively refined, and 
subsequently applied systematically. 

Articles were categorized according to DSS phases: DSS1, infrastructure; DSS2, capability 
integration; and DSS3, ecosystem regeneration. Borderline cases were meticulously adjudicated. For 
example, Chin et al. (2022), initially coded as DSS1 (blockchain traceability), was reassigned to DSS3 
because of its focus on collaborative value creation. Intercoder reliability checks were conducted to 
ensure credibility. A second researcher independently coded 30 articles, and discrepancies were 
resolved through consensus. An additional reliability check on 24 randomly stratified cases yielded 
a Cohen’s κ of 0.82, indicating a substantial agreement [34]. 

Analytical memos were produced for the 30 core articles, summarizing their objectives, 
methods, findings, and implications. These memos were not arbitrary summaries, but structured 
analytical tools used to abstract higher-order themes and to derive theoretical propositions. Their 
number was capped at 30 to maintain analytic depth while ensuring representativeness across the 
corpus. 

The final tally of 155 articles indicates thematic saturation, suggesting that any further additions 
merely echoed existing patterns without introducing new conceptual variations. By ensuring that 
additional articles or data points do not offer new conceptual variations, researchers can efficiently 
allocate their resources and focus on a deeper analysis of existing data, thereby enhancing the quality 
and depth of their research findings. This approach is consistent with the interdisciplinary nature of 
sustainability transitions, which often requires contributions from diverse fields to comprehensively 
address complex challenges [35,36]. 

3.3. Bibliometric Enrichment 

To complement manual coding and reduce potential subjectivity, we conducted a bibliometric 
analysis of the 155 peer-reviewed articles included in the corpus. The analysis was performed in R 
(v.4.5.0, macOS arm64) using the Bibliometrix package (v.4.2.1), which is supported by igraph and 
ggraph for visualization. The resulting keyword co-occurrence network is visualized in Figure 2, 
which illustrates the three clusters corresponding to DSS1, DSS2, and DSS3. 

The pipeline consisted of three steps. 

1. Keyword co-occurrence network. Using the biblioNetwork() function, we constructed a co-
occurrence matrix of the authors’ keywords. The resulting network was clustered using the 
Louvain algorithm, which revealed three distinct thematic groups corresponding to the DSS 
phases: 

• DSS1 – Infrastructural foundations (IoT, RFID, blockchain traceability, ERP). 
• DSS2 – Intelligent integration (AI, big data, predictive analytics, servitization). 
• DSS3 – Ecosystem regeneration (platforms, circular economy, co-creation). 
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Figure 2. Keyword co-occurrence network. Note. Authors’ keywords co-occurrence network clustered with 
Louvain to reveal three thematic groups aligned with DSS1–DSS3. Edges reflect co-occurrence frequency, and 
node size reflects keyword frequency. Source. Bibliometric analysis in R (bibliometrix v4.2.1; igraph), using the 
review corpus (N=155). Parameters documented in Section 2.3. 

2. Thematic mapping. Through the thematicMap() function, we produced a strategic diagram 
positioning clusters along the axes of centrality (relevance across the field) and density (internal 
cohesion) (Figure 3). This mapping corroborated the interpretive coding: DSS1 themes appeared 
as well-established but less dynamic, DSS2 themes as emerging motor topics, and DSS3 as high-
centrality but still underdeveloped in density, signaling future growth potential. 

 

Figure 3. Thematic map of DSS-related clusters. Note. Strategic diagram positioning clusters by centrality 
(external link strength) and density (internal cohesion). Quadrants: Motor, Niche, Basic/Transversal, 
Emerging/Declining. Labels correspond to the two highest-frequency terms per cluster. Source. Computed in R 
from the authors’ co-occurrence matrix; Louvain clustering; centrality/density derived from weighted 
internal/external links. 
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3. Sensitivity testing. To check the robustness, we split the dataset into two subsets: 
• High-citation articles (above the median citation count). 
• Low-citation articles (below the median citation count). 

The thematic distribution across DSS1, DSS2, and DSS3 was consistent in both groups, with no 
structural divergence. This indicates that the DSS framework is not an artifact of highly cited works 
but reflects stable field-wide patterns. 

Table 4. Distribution of Articles across DSS Phases (Full Corpus vs. Citation Subsets). 

DSS Phase Full 
Corpus 

(N) 

Full 
Corpus 

(%) 

High-
Citation 

(N) 

Low-
Citation 

(N) 

High-
Citation 

(%) 

Low-
Citation 

(%) 
DSS1 

Infrastructu
re 

63 40.6 37 26 47.4 33.8 

DSS2 
Intelligence 

64 41.3 25 39 32.1 50.6 

DSS3 
Ecosystem 

28 18.1 16 12 20.5 15.6 

Note. Sensitivity test comparing high- vs. low-citation subsets; proportions of DSS1/DSS2/DSS3 remain stable, 
supporting robustness. Source. Authors’ bibliometric split-sample analysis in R (Section 2.3: sensitivity testing). 

The stability of the proportions across the high- and low-citation subsets confirmed the 
robustness of the three-phase structure. 

For transparency, Appendix C provides a minimal reproducible script. By triangulating manual 
coding with bibliometric mapping and validating it through sensitivity testing, the analysis 
consolidates DSS1–DSS2–DSS3 as stable thematic clusters and strengthens the empirical grounding 
of the DSS framework. 

3.4. Methodological Rationale 

The methodological design adheres to the standards for conceptual research on sustainability 
transitions [37,38]. Its strength lies in the combination of qualitative depth with quantitative 
triangulation. Manual coding and memoing preserved theoretical nuances, while bibliometric 
mapping added transparency and replicability. 

We also ran intercoder reliability checks to make sure the coding was consistent. However, there 
are still some limitations, such as relying only on English-language sources and not using machine 
learning tools for validation. Future research could improve on this by including non-English and 
grey literature, and by using text-mining techniques like topic modeling or semantic clustering to 
make the process even more robust and reproducible. 

4. Theoretical Development: Digital Sustainability Sequencing (DSS) 

Based on a thorough review of 155 peer-reviewed articles and 30 analytical memos, we 
developed the Digital Sustainability Sequencing (DSS) framework, a conceptual model that explains 
how organizations connect digital transformation with sustainability goals through flexible and 
evolving paths. 

Unlike traditional maturity models that assume a straight, one-way progression, DSS recognizes 
that development can be unpredictable. Organizations may move forward, fall back, combine phases, 
or skip steps entirely. This makes DSS a useful tool both for understanding how companies evolve 
and for helping them plan strategies that lead to regenerative, long-term outcomes (see Figure 4). 
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Figure 4. Digital Sustainability Sequencing (DSS) Framework. Note. Conceptual model with three phases (DSS1 
infrastructure; DSS2 intelligent integration; DSS3 regenerative ecosystems) and nonlinear transitions 
(hybridization, regression, leapfrogging). Source. Authors’ elaboration from the structured synthesis (155 
articles, 30 analytical memos). 

To ground this conceptualization empirically, the framework was built inductively from 
analytical memos that distilled the key insights from high-impact articles. Table 5 presents 
representative examples that demonstrate how diverse methodologies and contexts converge in the 
three DSS phases. 

Table 5. Illustrative Analytical Memos Supporting DSS Phases. 

DSS Phase Example 
Study 

Methodology Key Insight Cluster 
Fit 

DSS1 – 
Infrastructure 

Cole et al. 
(2019) 

Case study 
(blockchain in 
supply chains) 

Blockchain enhances 
traceability and 

compliance 

DSS1 

DSS1 – 
Infrastructure 

Cui et al. 
(2021) 

Survey (IoT in 
manufacturing) 

IoT adoption critical 
for tech readiness 

DSS1 

DSS2 – 
Intelligence 

Dubey et al. 
(2019) 

PLS-SEM Big data improves 
resilience and 

reduces emissions 

DSS2 

DSS2 – 
Intelligence 

Jabbour et 
al. (2019) 

Case study Linking circular 
economy and 

analytics 

DSS2 
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DSS3 – 
Ecosystem 

De Reuver 
et al. (2018) 

Conceptual analysis Platforms enable 
cross-sector 

collaboration 

DSS3 

DSS3 – 
Ecosystem 

Chin et al. 
(2022) 

Case study 
(blockchain 
ecosystems) 

Blockchain supports 
regenerative 
innovation 

DSS3 

Note. Examples (study, method, key insight) used to ground each DSS phase in the literature. Source. Authors’ 
analytical memos on 30 high-impact papers from the corpus (Appendix B). 

4.1. DSS1: Digital Infrastructures for Operational Efficiency 

The first phase (DSS1) establishes the technological foundations that allow organizations to 
generate and manage real-time data. Typical enablers include Internet of Things (IoT) sensors, radio 
frequency identification (RFID) tags, blockchain traceability systems, and enterprise resource 
planning (ERP). These technologies have been introduced primarily to improve operational 
efficiency, reduce waste, and ensure compliance with environmental regulations. Theoretically, DSS1 
is anchored in the Technology–Organization–Environment (TOE) framework [39] and the Diffusion 
of Innovation (DoI) theory [40]. However, unlike classic adoption models that emphasize efficiency 
or competitive motives, DSS1 explicitly links infrastructural adoption to sustainability imperatives. 

Empirical studies have reinforced this link. IoT-enabled monitoring systems have reduced 
emissions and optimized resource use in manufacturing [41], and blockchain technologies have 
enhanced transparency in agri-food chains [42]. However, the degree to which DSS1 translates into 
sustainability outcomes is mediated by institutional pressures from regulation to investor and 
consumer expectations that either push infrastructure towards sustainability or keep them efficiency-
oriented. 

Barriers are particularly acute for SMEs, which often face limited funding, fragmented systems, 
and low digital literacy levels. Conversely, strong regulations, leadership commitment, and ESG 
disclosure obligations act as accelerators. 

Proposition 1: Organizations operating in stronger regulatory and institutional environments 
are more likely to align their digital infrastructure with sustainability goals. In contrast, those in 
weaker contexts may adopt technology mainly for efficiency, without broader sustainability impact. 

4.2. DSS2: Intelligent Integration for Sustainable Value Creation 

The second phase (DSS2) represents a shift from infrastructure enablement to the strategic 
incorporation of advanced capabilities into organizational routines. Here, artificial intelligence, 
machine learning, predictive analytics, and big data are no longer peripheral tools but are embedded 
in decision-making processes, driving sustainable value creation. This phase is theoretically 
grounded in the Resource-Based View (RBV) [43] and Dynamic Capabilities Theory [44]. DSS2 
highlights that digital assets alone do not guarantee sustainability impact; value emerges when 
organizations develop sensing, seizing, and reconfiguring routines to leverage these assets. 
Stakeholder Theory further enriches this perspective by showing how intelligent integration 
responds to the diverse and often conflicting expectations of consumers, regulators, and 
communities. 

Evidence illustrates how DSS2 capabilities can generate competitive and sustainability 
advantages: big data enhances resilience and lowers emissions [45], whereas analytics integrated with 
circular economy principles enable material recovery and waste minimization [46]. Nonetheless, risks 
remain substantial: algorithmic bias, lack of explainability, and workforce resistance to analytics-
driven processes can compromise sustainability ambitions. 

Boundary conditions are critical. DSS2 thrives in data-intensive, resource-rich environments 
(e.g., MNCs in manufacturing or logistics) but is less accessible to SMEs lacking interoperability, 
governance, and digital skills. 
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Proposition 2: Advanced digital capabilities only lead to sustainable value when they’re 
supported by strong organizational routines and active stakeholder engagement, not just by adopting 
the technology itself. 

4.3. DSS3: Platform Ecosystems and Regenerative Business Models 

The third phase (DSS3) redefined digital sustainability as a collective, ecosystem-level endeavor. 
Firms orchestrate platforms, build complementarities, and establish multi-actor governance 
structures that pursue regenerative outcomes, that is, net positive environmental and social impacts. 
The phase builds upon Platform Theory [47], Ecosystem Innovation [48], and Value Co-Creation [49], 
extending them into the domain of sustainability transitions. DSS3 resonates with Industry 5.0 
principles of resilience, inclusivity, and human-centricity, positioning platforms as enablers of 
systemic regeneration and sustainability. 

Empirical evidence highlights this potential effect. Amsaterdam Smart City platforms integrate 
mobility, waste, and energy systems using digital twins and IoT. Blockchain-enabled ecosystems in 
agriculture [50] support regenerative farming and fair value distribution. Simultaneously, DSS3 
exposes the risks of monopolistic capture, governance asymmetries, and digital exclusion. 

Proposition 3: Platform ecosystems can deliver regenerative outcomes but only if they include 
fair governance and mechanisms for redistributing value, preventing monopolistic control. 

To consolidate the conceptual scope, Table 6 maps the core theories, concepts and boundary 
conditions that distinguish DSS1–DSS3. 

Table 6. Theoretical Anchors of DSS Phases. 

DSS Phase Core Theories Key Concepts Boundary 
Conditions 

DSS1: 
Infrastructure 

TOE; Diffusion of 
Innovation 

Technology 
adoption, 

operational 
transparency 

SMEs, regulation-
driven adoption 

DSS2: 
Intelligence 

RBV; Dynamic 
Capabilities; 

Stakeholder Theory 

Sensing, seizing, 
reconfiguring; 

stakeholder 
engagement 

MNCs, data-intensive 
sectors 

DSS3: 
Ecosystem 

Platform Theory; 
Ecosystem Innovation; 

Triple Helix; Value 
Co-Creation 

Platform 
orchestration, 

regenerative logic 

Emerging economies, 
collaborative sectors 

(services, agriculture) 

Note. Core theories, key concepts, and boundary conditions for DSS1–DSS3. Source. Authors’ integration of 
TOE/DoI, RBV/Dynamic Capabilities/Stakeholder Theory, and Platform/Ecosystem/Triple Helix literature. 

4.4. Boundary Conditions and Theoretical Mapping 

Not all organizations move through the DSS phases in the same way. Their path depends on 
factors like company size, geographic location, and industry sector. 

For example, SMEs often skip directly to DSS3 by innovating in niche areas, but they may 
struggle with DSS2 due to limited access to analytics and data capabilities. In contrast, multinational 
corporations (MNCs) tend to build strong DSS2 capabilities but may find it harder to shift toward 
ecosystem-level collaboration in DSS3. Geography also plays a role. In developed economies, 
companies usually build solid DSS1 and DSS2 infrastructures but can get stuck due to institutional 
inertia. Meanwhile, emerging economies often leapfrog DSS2 and go straight to DSS3 by using mobile 
and decentralized technologies like mobile banking or microgrids. Sector matters too. Manufacturing 
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firms tend to focus on DSS1 and DSS2, using tools like industrial IoT and predictive maintenance. 
Service-based organizations, on the other hand, are more likely to emphasize DSS3, using platforms 
for sharing economy models and co-creation. 

Proposition 4: The way organizations move through DSS phases depends on their size, sector, 
and institutional context. There’s no single path, just multiple possible trajectories. 

4.5. Transitions, Non-Linearity, and Feedback Loops 

A key idea in the DSS framework is that progress isn’t always linear. Organizations don’t 
necessarily move smoothly from one phase to the next. Instead, they might: 

• Regress, for example by pausing AI adoption due to ethical concerns. 
• Hybridize, using DSS1 infrastructure while also experimenting with DSS3 platforms. 
• Leapfrog, skipping DSS2 entirely-something often seen in emerging economies. 

This flexible view aligns with resilience theory (Folke, 2016) and complex adaptive systems 
thinking. Sometimes, the more data an organization collects, the harder it becomes to change course-
due to learning curves or network effects. These “increasing returns” can trap firms in DSS1. 

On the flip side, external shocks-like climate disasters, new regulations, or social movements-
can push organizations to jump ahead, especially if they already have platform-based tools in place. 
DSS doesn’t assume a single path. Instead, it sees three possible “equilibria” or stable states: 

• A DSS1 lock-in, focused on efficiency. 
• A DSS2 equilibrium, driven by analytics. 
• A DSS3 regenerative state, built on collaboration and ecosystem thinking. 

Proposition 5: Organizations can follow nonlinear paths-regressing, hybridizing, or 
leapfrogging and still move toward digital sustainability. 

Proposition 6: The more data and network effects an organization has, the harder it is to move 
from DSS1 to DSS2. 

Proposition 7: External shocks make it more likely for organizations to leap directly from DSS2 
to DSS3-especially when platform tools are already in place. 

4.6. Ethical Governance Across DSS Phases (DSS-E Rubric) 

Each phase of the DSS framework is associated with distinct ethical challenges. In DSS1, 
concerns revolved around data privacy, surveillance risks, and digital equity. DSS2 introduces 
dilemmas linked to algorithmic bias, autonomy, and transparency issues. In DSS3, the stakes rise 
further, with issues such as platform monopolies, governance asymmetries, and digital exclusion. 
Building on Digital Ethics principles [51,52], we propose the DSS-E rubric, which assesses ethical 
preparedness across three dimensions: transparency, inclusivity, and accountability. Further 
development of the DSS framework requires the systematic integration of behavioral and 
participatory governance dimensions. Key organizational factors, including leadership commitment, 
digital literacy, and stakeholder engagement, critically influence progression through the DSS phases. 
The explanatory capacity and prescriptive utility of DSS will be strengthened by embedding 
frameworks from behavioral decision science and participatory design [53,54]. For the DSS-E rubric, 
we propose operationalizing participatory governance through explicit metrics, such as stakeholder 
engagement indices, transparency in decision-making processes, and measures of equitable 
representation in platform governance. Incorporating these metrics ensures not only diagnostic 
accuracy but also the practical advancement of inclusive, resilient transitions towards digital 
sustainability [52–54]. 

Our review of 155 articles shows varying degrees of alignment: DSS1 demonstrates relatively 
strong compliance with operational transparency; DSS2 exhibits partial integration, especially 
regarding algorithmic fairness; and DSS3 faces the most significant governance concerns, particularly 
related to power asymmetries and exclusion. 
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We reconceptualize DSS-E not as a supplementary add-on but as a dynamic capability of ethical 
governance that shapes sequencing between phases. In DSS1, privacy-by-design and equitable access 
strengthen trust in data and stakeholder acceptance, thereby enabling a smoother transition to DSS2. 
In DSS2, explainability, auditability, and human-in-the-loop practices reduce algorithmic risks and 
lower the resistance to data-driven decision-making. In DSS3, participatory governance, fair value 
distribution and grievance mechanisms anchor legitimacy and counteract monopolistic drift. Thus, 
the DSS-E actively alters the probabilities of progression, regression, or leapfrogging across phases. 

Proposition 8: Ethical governance is a dynamic capability that shapes both the legitimacy and 
success of digital sustainability transitions. 

Proposition 9: Strong ethical foundations in DSS1 improve the chances of a smooth transition to 
DSS2. 

Proposition 10: In DSS2, explainable AI helps ensure that analytics lead to real sustainability 
outcomes. 

Proposition 11: In DSS3, inclusive governance helps balance platform power and supports 
regenerative goals. 

Table 7. DSS-E Rubric: Ethical Risks and Governance Needs. 

Phase Ethical Risk Governance Needs Illustrative 
Indicators 

DSS1 Data privacy, 
surveillance, digital 

divide 

Privacy-by-design, equitable 
access 

ESG compliance, 
GDPR alignment 

DSS2 Algorithmic bias, loss of 
human oversight 

Explainable AI, auditability, 
transparency 

Bias audits, 
algorithmic fairness 

standards 
DSS3 Platform monopolies, 

exclusion, power 
asymmetries 

Inclusive governance, 
accountability, redistribution 

mechanisms 

Multi-stakeholder 
governance, platform 

equity 
Note. Phase-specific ethical risks, governance needs, and illustrative indicators (privacy-by-design, 
explainability, inclusive platform governance). Source. Authors’ rubric based on digital ethics literature (e.g., 
Floridi, Stahl) and the reviewed corpus. 

4.7. Summary of DSS Phases 

This section brings together the key elements of the three DSS phases Infrastructure (DSS1), 
Intelligence (DSS2), and Ecosystem (DSS3) to show how they differ and connect (Table 8). The 
comparison includes the technologies used, the theories behind each phase, the strategic focus for 
managers, and the ethical risks that need to be addressed. 

Table 8. Comparative Synthesis of DSS Phases. 

Dimension DSS1 – 
Infrastructure 

DSS2 – Intelligence DSS3 – Ecosystem 

Core 
Technologies 

IoT, RFID, 
blockchain, ERP 

AI, ML, big data, 
predictive analytics 

Platforms, digital twins, 
open APIs, blockchain 

ecosystems 
Theoretical 

Anchor 
TOE, DoI RBV, Dynamic 

Capabilities, 
Stakeholder Theory 

Platform Theory, 
Ecosystem Innovation, 

Triple Helix 
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Strategic Lever Efficiency, 
compliance, 
monitoring 

Data-driven decision-
making, eco-

innovation, resilience 

Co-creation, circularity, 
systemic regeneration 

Ethical Risk Surveillance, 
inequitable access 

Bias, opacity, 
automation risks 

Monopolistic capture, 
exclusion 

Boundary 
Conditions 

SMEs; regulation-
driven adoption 

MNCs; data-intensive 
sectors 

Emerging economies; 
cross-sectoral 
collaboration 

Note. Technologies, theoretical anchors, managerial levers, ethical risks, and boundary conditions by phase. 
Source. Authors’ synthesis from the structured review and memos. 

This summary helps managers, researchers, and policymakers understand how each phase 
contributes to digital sustainability, and what challenges they might face along the way. 

5. Discussion 

The Digital Sustainability Sequencing (DSS) framework advances scholarship at the nexus of 
digital transformation and sustainability by conceptualizing digitalization not as a static maturity 
ladder but as an adaptive, cumulative, and path-dependent process. Unlike linear models that equate 
progress with the incremental adoption of technologies, the DSS underscores that sustainability 
outcomes hinge on sequencing, timing, and governance. Organizations move through three 
interdependent phases: infrastructure (DSS1), intelligent integration (DSS2), and ecosystem 
regeneration (DSS3); however, their pathways are often nonlinear, shaped by institutional pressures, 
ethical dilemmas, and external shocks. By embedding reversibility, hybridization, and leapfrogging 
into its logic, the DSS provides a more realistic account of how digital sustainability unfolds across 
firms and ecosystems. It acknowledges that organizations may remain locked into efficiency-focused 
infrastructures (DSS1), accelerate intelligence-driven processes (DSS2), or bypass intermediate stages 
altogether to experiment with platform-based regeneration (DSS3). In doing so, DSS moves beyond 
the limitations of maturity models (too linear) and transition theories (too abstract), positioning itself 
as a meso-level diagnostic framework that links organizational practices to systemic outcomes. 

5.1. Evolutionary Logic of DSS 

The DSS model delineates digital sustainability as an evolutionary progression that is neither 
deterministic nor uniform in nature. Progression through DSS1–DSS3 depends on capability 
thresholds, leadership orientation, and institutional context. For instance, a manufacturing SME may 
adopt IoT infrastructure under regulatory pressure (DSS1) but struggle to transition to analytics 
(DSS2) due to skill shortages. In contrast, a fintech start-up in an emerging economy may bypass 
DSS2 entirely and adopt platform logics from inception (DSS3) to leverage latecomer advantages. 

This evolutionary perspective reflects the broader resilience theory [55], where change is cyclical, 
adaptive, and often crisis-driven. It also incorporates complex adaptive systems thinking, whereby 
local organizational rules (KPIs, procurement standards, data-sharing policies) generate emergent 
macro-patterns (platform dominance, digital exclusion), which, in turn, reshape micro-level 
incentives. 

Thus, DSS conceptualizes sustainability transitions not as linear escalators but as dynamic 
feedback loops producing multiple equilibria: efficiency lock-in (DSS1), analytics-dominant 
equilibrium (DSS2), or regenerative ecosystems (DSS3). 

5.2. Theoretical Contributions 

The DSS contributes in three ways. First, it introduces a sequenced integrative model that 
synthesizes insights from information systems, sustainability transition, and organizational theory. 
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By situating adoption, capability development, and ecosystem orchestration within a unified 
framework, the DSS reduces the fragmentation that currently hampers the field. 

Second, DSS explicitly connects theoretical paradigms to each stage. DSS1 utilizes the 
Technology–Organization–Environment (TOE) framework and Diffusion of Innovation (DoI), but it 
expands these by linking infrastructural adoption to sustainability imperatives. DSS2 is based on the 
Resource-Based View (RBV) and Dynamic Capabilities, illustrating how digital resources gain value 
only when they are integrated into sensing, seizing, and reconfiguring practices that align with 
stakeholder demands. DSS3 incorporates Platform Theory, Ecosystem Innovation, and Value Co-
Creation, extending these into the sustainability realm through ideas like inclusive governance, 
regenerative logic, and value redistribution. 

Third, DSS demonstrates the evolution of methodological lenses across the phases. DSS1 has 
been studied through exploratory adoption surveys and case-based research. DSS2 has attracted 
quantitative studies employing PLS-SEM, ESG-linked KPIs and big data analytics. DSS3 is emerging 
as a domain for systems modeling, network analysis, and blockchain-enabled governance. Thus, the 
DSS not only theorizes sequencing but also guides methodological pluralism. 

5.3. Applied Illustration and Sectoral Adaptation 

The DSS framework is illustrated by the case of Van Wijhe Verf, a Dutch SME in the paint 
industry. In DSS1, the firm invested in renewable energy infrastructure and blockchain-enabled 
traceability to ensure compliance and operational transparency. In DSS2, it expanded into bio-based 
paint innovation and partnered with universities to leverage data-driven research and development 
(R&D). Finally, DSS3 entered collaborative circular initiatives with NGOs, positioning itself within 
regenerative ecosystems. 

This case demonstrates two critical insights: (i) SMEs can traverse DSS phases, not only large 
multinationals, provided that institutional and ecosystem support is available, and (ii) DSS phases 
can be sectorally adapted. In manufacturing, DSS2 capabilities, such as predictive downtime 
reduction and circular supply chain analytics, are essential. In services, DSS3 governance 
mechanisms (e.g., ethical personalization and participatory platforms) become central. Thus, DSS is 
both scalable across firm sizes and flexible across sectors, which enhances its external validity. 

5.4. Managerial Implications 

For practitioners, the DSS functions as both a diagnostic and strategic tool. 

• In DSS1, managers should prioritize infrastructure readiness, data quality and employee digital 
literacy. Early misalignments, such as adopting IoT solely for compliance without linking it to 
sustainability, can trap firms in efficiency lock-ins. 

• In DSS2, the emphasis shifts to embedding ESG indicators into analytics, building organizational 
routines for ethical AI, and promoting cross-functional collaborations. Here, the risk lies in 
algorithmic opacity and organizational resistance to data-driven change. 

• In DSS3, managers must orchestrate platforms, ensure inclusive governance, and design 
regenerative business models. Success depends on balancing innovation with safeguards against 
monopolistic drifts and digital exclusion. 

From a policy perspective, DSS enables differentiated interventions: subsidies and literacy 
programs for DSS1 firms, incentives for ethical AI in DSS2 organizations, and collaborative funding 
and regulatory frameworks for DSS3 ecosystems. 

5.5. Real-World Illustrations of DSS Phases 

Five sectoral examples enhance the empirical credibility of the DSS (Table 9). H&M (fashion) 
highlights the dangers of incomplete advancement: although RFID and blockchain traceability 
(DSS1) and AI-driven demand forecasting (DSS2) boost efficiency, the lack of DSS3 ecosystem 
governance poses reputational risks of greenwashing. Carrefour (retail) showcases the strength of 
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DSS2 in optimizing logistics but reveals limited cross-sector partnerships, illustrating how analytics 
can enhance efficiency without achieving systemic transformation. Amsterdam Smart City 
exemplifies DSS3 through the use of digital twins and citizen engagement platforms, supported by 
robust policy orchestration. IKEA demonstrates the shift from DSS2 (product-as-a-service models 
and blockchain-enabled lifecycle tracking) to DSS3 (circular platforms and sharing economy 
initiatives). WASP (3D printing in construction) represents regenerative innovation by employing 
open-source platforms and renewable materials to transform housing ecosystems. Alongside the Van 
Wijhe case, these examples demonstrate that the DSS captures both convergence (common enabling 
technologies) and divergence (sectoral trajectories), thereby increasing its explanatory depth and 
comparative utility. 

Table 9. Real-World Illustrations and DSS Mapping. 

Case / Sector DSS 
Phase(s) 

Key Digital 
Technologies 

Sustainability 
Focus 

Managerial / 
Policy Insights 

H&M 
(Fashion) 

DSS1 → 
DSS2 

RFID, blockchain 
traceability, AI for 

demand 
forecasting 

Supply chain 
transparency, 

circular fashion 
pilots 

Scaling traceability 
critical; 

greenwashing risk 
without DSS3 

Carrefour 
(Retail) 

DSS2 Big data analytics, 
AI logistics, IoT 

sensors 

Energy efficiency, 
waste reduction 

Strong in DSS2, but 
ecosystem 

partnerships 
limited 

Amsterdam 
Smart City 

DSS3 IoT networks, 
digital twins, 

open platforms 

Circular city, 
mobility 

efficiency, citizen 
engagement 

Government as 
orchestrator; DSS3 
enabled by policy 

frameworks 
IKEA 

(Housing / 
Furniture) 

DSS2 → 
DSS3 

PaaS, platform 
design tools, 
blockchain 

Circular lifecycle, 
sharing economy 

Requires 
ecosystem 

governance and 
consumer 
acceptance 

WASP (3D 
Printing) 

DSS3 3D printing, 
open-source 
platforms, 

renewable inputs 

Eco-housing, 
material reduction 

Demonstrates 
regenerative 

potential via cross-
sector innovation 

Van Wijhe 
Verf (SME, 

Paints) 

DSS1 → 
DSS3 

Blockchain, bio-
based R&D, 

renewable energy 

Bio-based paints, 
biodiversity, 
partnerships 

Shows SME 
scalability and 
replicability for 

traditional 
industries 

Note. Sectoral exemplars mapped to DSS phases; technologies, sustainability focus, and managerial/policy 
insights. Illustrative, not exhaustive. Source. Authors’ case synthesis from public sources cited in the manuscript 
discussion and references. 

5.6. Theoretical Integration (Micro–Meso–Macro) 

Finally, DSS contributes by positioning itself as a meso-level framework that bridges micro-level 
adoption theories with macro-level transition perspectives. 

• At the micro-level, TOE and DoI explain infrastructural adoption decisions (DSS1), driven by 
perceptions of usefulness, compatibility, and institutional pressures. 
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• At the meso level, RBV and Dynamic Capabilities explain how organizations transform digital 
assets into sustainable routines (DSS2) through routinized learning and stakeholder integration. 

• At the macro level, transition theories (e.g., socio-technical regimes) and platform innovation 
perspectives explain DSS3, where firms co-evolve with partners, orchestrate complementarities, 
and redistribute values. 

The originality of the DSS lies in specifying sequencing mechanisms across levels: capability 
accumulation and architectural embedding (DSS1→DSS2), boundary expansion and complementor 
alignment (DSS2→DSS3), and ethical legitimacy (DSS-E) as a dynamic capability influencing 
progression or regression. Rather than a linear staircase, the DSS envisions multiple adaptive 
pathways governed by feedback loops, crises, and governance choices. 

6. Conclusions 

This study introduces the Digital Sustainability Sequencing (DSS) framework as a conceptual 
model that explains how organizations progressively align digital transformation with sustainability 
imperatives. The framework identifies three cumulative but nonlinear phases: DSS1 – Digital 
Infrastructure for Operational Efficiency, where foundational technologies and data infrastructures 
are deployed; DSS2 – Intelligent Capability Integration for Sustainable Value Creation, where 
advanced analytics, AI, and servitization become embedded into organizational routines; and DSS3 
– Platform-Based Regenerative Ecosystems, where firms transition into collaborative, multi-actor 
systems oriented towards circularity, inclusivity, and systemic regeneration. 

The dual contribution of the DSS is both theoretical and practical. Theoretically, it bridges 
fragmented research streams across information systems, sustainability transition, and 
organizational studies. By emphasizing sequencing, feedback loops, and hybrid pathways, it offers a 
nuanced alternative to static maturity models. Practically, DSS provides firms, consultants, and 
policymakers with a diagnostic and foresight tool to evaluate digital sustainability readiness, 
prioritize investments, and design policy instruments aligned with the UN-SDGs, European Green 
Deal, and Industry 5.0. 

Unlike prior approaches that treat digital adoption as linear or technology-driven, the DSS 
foregrounds the temporal and evolutionary dynamics of the alignment between digitalization and 
sustainability. It emphasizes that not only which technologies are adopted matters, but also when, how, 
and under what governance conditions they are integrated. This sequencing logic helps organizations 
and policymakers avoid premature investments, reduce the risk of efficiency-only lock-ins, and foster 
systemic transformations with regenerative outcomes. 

Future research should follow three complementary paths. First, empirical validation is critical 
in this regard. Longitudinal case studies, cross-industry surveys, and econometric modeling (e.g., 
panel SEM, fuzzy-set qualitative comparative analysis, event history analysis) are needed to test 
propositions and capture diverse pathways. Second, theoretical enrichment is necessary: integrating 
institutional theory, complexity science, and behavioral perspectives would sharpen explanations of 
leapfrogging, regression, and governance asymmetries. Third, cross-cluster analysis is required: 
future studies should investigate how crises, regulations, and social pressures accelerate or disrupt 
sequencing and how hybrid or recursive trajectories challenge maturity logics. 

Thus, the DSS positions itself as both a conceptual foundation and practical compass for guiding 
digital sustainability transitions across industries, sectors, and regions. 

7. Limitations and Future Research Pathways 

Despite its contributions, the DSS remains an emerging framework with several limitations that 
open promising research avenues: 

• Scope of the literature review. The review synthesized 155 peer-reviewed articles, but the 
selection criteria privileged English-language journals. This underrepresents gray literature, 
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regional studies, and non-English scholarship, potentially biasing insights. Broader evidence 
bases would enhance both generalizability and policy relevance of the findings. 

• Coding and synthesis approaches. The analysis relied primarily on manual coding and 
analytical memos. Although intercoder checks were conducted, the absence of automated text 
mining or advanced reliability testing limits methodological transparency. Future work could 
combine NVivo, MAXQDA, or machine learning techniques to ensure replicability and reduce 
interpretive bias. 

• Conceptual rather than empirical validation is required. Currently, DSS is theory-driven. While 
its phases reflect recurrent patterns in the literature, empirical testing through comparative case 
studies, econometric panel analysis, or sectoral simulations is essential to confirm its robustness 
and refine its boundaries. 

• Assumptions of sequencing. Although DSS integrates nonlinearity, its staged logic may still 
underplay recursive, fragmented, or leapfrogging dynamics in disruptive contexts. Future 
research should deepen the integration of resilience theory, path dependency, and adaptive 
cycle models. 

• Contextual variation. Political, cultural, and institutional asymmetries were addressed only 
partially. Comparative studies across developed vs. emerging economies, SMEs vs. MNCs, and 
public vs. private governance would enhance applicability and reveal divergent trajectories. 

• Behavioral and organizational dimensions. Leadership styles, employee digital literacy, and 
participatory governance were not systematically integrated, although they may critically 
mediate adoption. Incorporating human-centered and behavioral perspectives would enrich the 
explanatory power. 

• Ethical governance (DSS-E). Although proposed as an extension, DSS-E requires further 
elaboration. Embedding fairness, inclusivity, and environmental justice as dynamic capabilities 
across all phases strengthens both diagnostic and prescriptive relevance. 

To facilitate large-scale empirical applications, a set of preliminary phase-specific indicators is 
proposed: 

• DSS1: IoT and RFID penetration rates, levels of ESG compliance adoption, and proportion of 
real-time monitoring systems deployed 

• DSS2: Share of AI-assisted decision processes, degree of integration of explainable AI (XAI) in 
operations, and percentage of sustainability KPIs embedded within analytics frameworks 

• DSS3: Openness index of platform APIs, prevalence of multi-actor governance mechanisms, and 
ratios indicating value redistribution among ecosystem participants. 

These indicators provide actionable metrics for benchmarking and comparative analyses across 
firms, sectors, and regions, as advocated by Matarazzo et al. (2021), Prasad et al. (2024), and Solana-
González et al. (2021). 

Future validation requires rigorous and diverse designs: 

• Panel multi-sector studies (EU/CEE): to test propositions using panel SEM or multilevel models. 
DSS-E can be operationalized via governance audits (privacy-by-design, explainability-by-
design), while platform centrality can be measured using network metrics. 

• fsQCA of trajectories: to identify configurational pathways of capabilities and ethical 
governance rules leading to distinct DSS outcomes, showing equifinal solutions. 

• Event history analysis: to trace critical incidents (e.g., crises, regulatory shocks) that trigger 
transitions between DSS phases. 

By specifying indicators and aligning them with empirical designs, the DSS evolves into a 
falsifiable, operationalizable, and comparative framework. This will enhance scientific robustness, 
enable cross-country benchmarking, and empower both scholars and practitioners to evaluate digital 
sustainability transitions with precision. 
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Appendix B 
Analytical Memos 

 

Appendix C 
Minimal Reproducible Script for Bibliometric Analysis in R 

To enhance transparency and reproducibility, we provide below the minimal R script used for 
the bibliometric analysis reported in Section 3.3 (Bibliometric Enrichment). The script was 
implemented on macOS (R 4.5.0, arm64 build) using the bibliometrix, dplyr, tidyr, igraph, ggraph, 
and ggplot2 packages. Input data consisted of a CSV file exported from Scopus and Web of Science 
(merged metadata of 155 peer-reviewed articles). 

 

# Load required packages 

library(bibliometrix) 

library(dplyr) 

library(tidyr) 

library(igraph) 

library(ggraph) 

library(ggplot2) 

 

# 1. Import metadata 

df_raw <- read.csv(“centralizator_final_iulie.csv”) 

 

# 2. Normalize column names 
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colnames(df_raw) <- tolower(gsub(“[^[:alnum:]]”, “_”, 

colnames(df_raw))) 

 

# 3. Keyword cleaning (author keywords field) 

df_keywords <- df_raw %>% 

mutate(keywords = tolower(cuvinte_cheie_autori)) %>% 

select(keywords) %>% 

filter(!is.na(keywords)) %>% 

separate_rows(keywords, sep = “;|,”) %>% 

mutate(keywords = trimws(keywords)) 

 

# 4. Keyword frequency 

top_keywords <- df_keywords %>% 

count(keywords, sort = TRUE) 

 

write.csv(top_keywords, “top_keywords.csv”, row.names = FALSE) 

 

# 5. Co-occurrence network (author keywords) 

NetMatrix <- biblioNetwork(df_raw, analysis = “co-

occurrences”, 

network = “keywords”, sep = “;”) 

 

net <- graph_from_adjacency_matrix(NetMatrix, mode = 

“undirected”, weighted = TRUE) 

 

ggraph(net, layout = “fr”) + 

geom_edge_link(aes(width = weight), alpha = 0.2, colour = 

“grey50”) + 

geom_node_point(size = 4, colour = “steelblue”) + 

geom_node_text(aes(label = name), repel = TRUE, size = 3) + 

theme_void() 

 

# 6. Thematic map (strategic diagram) 

results <- thematicMap(NetMatrix, field = “keywords”, n = 250, 

minfreq = 2) 

plot(results$map) 

Notes: The full dataset of 155 articles (Appendix A) is required to replicate results. The script generates (i) 
keyword frequencies (Table, “top_keywords.csv”), (ii) a keyword co-occurrence network (Figure 3), and (iii) a 
thematic map (Figure 4). Parameters n = 250 and minfreq = 2 were chosen after sensitivity testing; no structural 
divergence was observed between high- and low-citation subsets. 
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