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Abstract

A growing body of research currently explores twin transformation (TT), defined
as the integrated and simultaneous pursuit of sustainability transformation (ST) and
digital transformation (DT), in various types of companies. However, the current
understanding of how high-reliability organizations (HROs), typically known for
exceptional reliability in error-prone operations, address these challenges is limited.
Although HROs, especially in high-impact sectors like energy and transportation,
are under increasing pressure to reduce emissions and embrace digital innovation,
only a few studies address the dual challenge of balancing and managing digital
and sustainability transformations simultaneously in HROs. To bridge this gap, this
study conducts a systematic literature review to synthesize existing work. We iden-
tify the antecedents, enablers, and outcomes of these transformations and derive an
HRO-specific framework that integrates digital transformation, sustainability trans-
formation, and their synergistic integration. To broaden the applicability, we com-
pare this framework with established, non-context-specific frameworks. Our results
highlight that many enablers are shared by both transformations, suggesting that a
synchronized and coordinated sustainability and digitalization strategy can improve
efficiency and coherence in achieving transformational goals in HROs. This study
makes three contributions: (1) it integrates previously siloed research on DT and ST
into a systematic understanding of TT within HROs, (b) developing a novel con-
ceptual framework that balances transformation imperatives with reliability, and (c)
providing evidence-based guidance for TT implementation in safety—critical sectors
such as energy, aviation, and healthcare.
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1 Introduction

The growing pressures of contemporary digitalization and sustainability are reshap-
ing strategic and operational landscapes for organizations across all sectors (Bjerkan
& Ryghaug 2021; Damman & Steen 2021; He et al. 2024). Organizations increas-
ingly face the dual challenge of adapting to rapid technological advances while
meeting heightened expectations for environmental responsibility (Lindberg & Kam-
mermann 2021).

To respond to these pressures, organizations pursue two distinct but increasingly
interlinked transformation types: Digital Transformation (DT) and Sustainability
Transformation (ST). DT refers to the use of digital technologies to enhance opera-
tional efficiency, decision-making, and organizational agility (Delgosha et al. 2021;
Kim et al. 2021; Ogrean & Herciu 2021; Vial 2019). In contrast, ST focuses on an
'outside-in' perspective, integrating environmental, social, and governance (ESG)
concerns to address pressing challenges and reorient business models towards ben-
efiting society as a whole (Bocken et al. 2014; Christmann et al. 2024; Dyllick &
Muff 2016).

While each transformation has distinct antecedents, enablers and outcomes, their
convergence as Twin Transformation (TT) has gained increasing attention (Christ-
mann et al. 2024; Crome et al. 2023; Graf-Drasch et al. 2023). TT refers to the inte-
grated process of aligning DT with sustainability to achieve operational efficiency,
environmental responsibility, and organizational resilience (Schallmo & Jehle 2025).

The focus on TT is driven by rising attention towards how digital technologies
support sustainability improvements (Chopra et al. 2024; Guandalini 2022; Kolb et
al. 2023; Ortega-Gras et al. 2021). TT offers promising opportunities for building
a sustainable economy and society (Cooke 2021; Lazzeretti et al. 2022; Sedita et
al. 2022). However, adopting TT presents unique challenges and opportunities that
remain underexplored, as recent reviews and empirical studies highlight persistent
sectoral biases, inconsistent terminology, and a tendency to portray digital trans-
formation as the primary driver of sustainability rather than a bidirectional process
(Hammerschmidt et al. 2025; Leipziger et al. 2025). Particularly, sectors like energy
and transportation are significant contributors to greenhouse gas emissions and face
the need to converge DT and ST while maintaining high standards of reliability and
operational efficiency (European Environment Agency 2024; U.S. Environmental
Protection Agency 2023). These organizations must navigate the transformations
within competitive markets and achieve sustainability targets set by policymak-
ers (Crome et al. 2023; European Commission, 2022; Jablonski & Jabtonski 2021;
Manyika et al. 2021; Philp & Ulrich 2025; Polakova-Kersten et al. 2023). These
sectors are not only central to digital and sustainability disruption but also exemplify
High-Reliability Organizations (HROs).

HROs, defined as organizations in which errors are infrequent despite the inher-
ently error-prone nature of their operations (Roberts 1990a), operate in complex,
high-risk environments where even minor errors can result in severe consequences
(Polékova-Kersten et al. 2023; Weick 1987). In sectors such as healthcare (Carroll &
Rudolph 2006; Sepetis et al. 2024), transport (Farrington-Darby et al. 2005), aviation
(Powell-Dunford et al. 2017), and energy (Polakova-Kersten et al. 2023), these orga-
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nizations face exceptionally stringent safety requirements intensifying the challenge
of aligning transformations with compliance while maintaining reliability. Their
deeply ingrained cultures of safety and accountability often resist digital disruption
or demand tailored approaches to embedding sustainability. Hence, HROs prioritize
factors like reliability and risk in their strategies, making their approach fundamen-
tally distinct. This highlights transformation challenges, as HROs must balance trans-
formation initiatives with their need for exceptional safety and reliability (Navajas et
al. 2013). For example, an airport consortium implemented a digital twin-based plat-
form to manage sustainable aviation fuel, enabling real-time data integration across
stakeholders to reduce emissions while maintaining operational safety (Barbano et
al. 2024).

Understanding how DT and ST coexist in HROs is critical, as TT offers a pathway
to achieving digital and sustainability goals without compromising reliability.

Despite the potential benefits of integrating TT and the existence of real-word
examples demonstrating its advantages, these approaches are often isolated (Crome
et al. 2023; Schallmo et al. 2022; Schallmo & Tidd 2021). While significant research
has explored DT and ST individually (e.g. Jabtonski & Jabtonski 2021; Waring et
al. 2023), existing work remains either siloed or cross-sectoral, without providing a
systematic account of TT tailored to the distinctive conditions of HROs. Despite TT
gaining increasing attention in academic research (Burinskiené & Nalivaiké, 2024;
Christmann et al. 2024; Ogrean & Herciu 2021; Ortega-Gras et al. 2021), the field
remains fragmented, with limited conceptual integration and sector-specific theoriza-
tion (Hammerschmidt et al. 2025; Leipziger et al. 2025).

According to Guandalini (2022), management literature still lacks integrative
studies that guide companies in implementing TT, primarily due to the lack of over-
arching strategic studies and limited understanding of how DT and ST interact within
specific organizations or stakeholder types. Furthermore, a comprehensive and prac-
tically relevant framework for TT in HROs is absent (Del Rio Castro et al. 2021;
Feng et al. 2022).

This leaves a critical research gap: while DT and ST have been studied extensively
in isolation, their integration as TT in the distinctive setting of HROs remains poorly
theorized and insufficiently synthesized. This study addresses this gap by system-
atically reviewing and synthesizing literature on DT, ST, and TT in the context of
HROs. We develop an HRO-specific framework that identifies shared and distinct
antecedents, enablers, and outcomes of these transformations while accounting for
the unique requirements of error-prone, high-stakes environments. To enhance gen-
eralizability, we further compare this HRO-specific framework with established, non-
contextual frameworks, thereby distinguishing universal from context-dependent
features of TT. As such, the study is guided by the research question: What are dis-
tinct and shared antecedents, enablers, and outcomes for digital and sustainability
transformations and their integration as twin transformations in HROs?

In doing so, the study makes three contributions. First, it advances theoretical
understanding by integrating previously siloed research on DT and ST into a system-
atic account of TT within HROs. Second, it develops a novel conceptual framework
that highlights how HROs can balance transformation imperatives with their need for
exceptional reliability. Third, it enriches managerial practice by providing evidence-
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based guidance for implementing TT in highly regulated, safety—critical sectors such
as energy, aviation, and healthcare.

2 Theory and background

HROs excel in complex, high-risk environments, achieving exceptional reliability
and proactively minimizing errors (Roberts 1990b; Rochlin 1996). They consistently
avoid disasters under challenging and risky conditions (Rochlin 1996; Weick 1987).
HROs are often risk-averse and unconventional because of their extraordinary opera-
tional requirements and focus on error prevention (Navajas et al. 2013). Their foun-
dational theoretical framework is rooted in principles of mindfulness and a persistent
preoccupation with failure (Sutcliffe 2007), highlighting organizational learning pro-
cesses utilized to mitigate risk and maintain reliability over time.

To achieve consistent performance in high-risk, complex environments, HROs pri-
oritize operational efficiency, risk management, and resilience (Reason 1997). They
constantly adapt and improve their systems and processes through rigorous planning
and implementation strategies, ensuring that even minor changes do not have dis-
proportionate consequences (Dekker 2011; Sutcliffe 2011). This rigor is critical in
their tightly coupled operational systems, where minor errors can lead to significant
cascading effects. HROs also operate under rigorous regulatory frameworks due to
the potential societal impact of their activities (Chassin & Loeb 2013; Schulman et al.
2004). Adhering to legal requirements, industry standards, and regulatory guidelines
is fundamental to their operations (Polakova-Kersten et al. 2023). Additionally, risk
management is a vital component of HRO culture. Adopting new technologies or
practices requires comprehensive risk assessments to address potential hazards and
ensure safe implementation (Weick 1987).

DT aims to improve an organization by triggering significant changes to its prop-
erties through combinations of information, computing, and communication using
digital technologies (Vial 2019). For HROs, DT involves adopting new technolo-
gies and fundamentally changing organizational structures (Poldkova-Kersten et al.
2023). Digital technologies such as Al, internet of things (IoT), and big data offer
opportunities to enhance resource efficiency and operational control. However, they
also introduce challenges in integrating these advanced technologies into safety—crit-
ical operations (Jablonski & Jabtonski 2021). DT necessitates modelling new risk-
minded behaviors and leadership approaches (Singh et al. 2020). Furthermore, HROs
must reconcile the need for rapid solution delivery, autonomy;, trust, and the tolerance
of failure to embrace digital innovation (Demirkan et al. 2016).

ST aligns organizational practices with ecological, social, and economic dimen-
sions to enhance resource efficiency, social responsibility, and long-term value cre-
ation (Ortega-Gras et al. 2021). HROs, as significant contributors to the climate crisis
through greenhouse gas emissions, face heightened scrutiny to adopt sustainability-
focused strategies (Chen & Zhang 2025; Crome et al. 2023). These strategies often
require significant organizational shifts, including redesigning operational processes,
fostering stakeholder collaboration, and embedding sustainability into the corporate
culture (Bosman et al. 2018). However, the inherent risk aversion of HROs and focus
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on operational stability can function as barriers to meaningful progress in ST (Bjer-
kan & Ryghaug 2021).

TT refers to the integrated process of aligning DT with sustainability to achieve
operational efficiency, environmental responsibility, and organizational resilience
(Schallmo & Jehle 2025) and can be understood as the simultaneous and recipro-
cally reinforcing transformation of digital and sustainable processes within organi-
zations, strategically implemented to drive innovation, efficiency, and competitive
advantage (Hammerschmidt et al. 2025). Consequently, TT should be understood as
more than the sum of DT and ST. TT represents more than the coexistence of DT and
ST, as it constitutes a distinct construct with its own dynamics. Adequately managed
digital technologies can enhance resource efficiency, circularity, and climate neutral-
ity, thereby supporting sustainability goals (Delgosha et al. 2021; Kim et al. 2021;
Ogrean & Herciu 2021). TT can unlock unforeseen connections and secure competi-
tive advantages (Crome et al. 2023), as it integrates DT’s focus on efficiency and agil-
ity (Vial 2019) with ST’s emphasis on responsibility, resilience, and long-term value
creation (Bocken et al. 2014; Dyllick & Muff 2016). Rather than running in parallel,
TT requires orchestrating these divergent logics into a coherent strategy. Recent stud-
ies underline that TT involves unique dynamics, often marked by asymmetry, since
DT is frequently perceived as enabling ST, while the reverse is less evident. The
essence of TT lies in recognizing and cultivating this mutual interdependence (Ham-
merschmidt et al. 2025; Leipziger et al. 2025).

This framing positions TT as a distinct organizational phenomenon that can be bet-
ter understood by synthesizing insights from DT and ST literature, while highlighting
the need for integrative perspectives that go beyond each domain in isolation.

TT in HROs involves adopting strategies that simultaneously address DT and ST
challenges. This comprehensive approach can guide HROs in navigating the com-
plexities of both transformations, ensuring they remain resilient and efficient while
contributing to broader sustainability goals.

HROs encounter specific challenges when implementing change, especially in the
context of TT. The demand for near-zero operational defects requires a high level of
care and thoroughness in implementing change (Riley 2009). Unlike organizations
with greater operational flexibility, HROs must navigate transformation in a way
that maintains their high-reliability standards while adopting innovative practices
(Cantu et al. 2021). This necessitates the development of specialized frameworks that
address their specific operational requirements, risk profiles, and cultural characteris-
tics. These frameworks must balance the objectives of DT and ST while maintaining
the stability required in high-reliability contexts.

3 Methodology

To address the research question, we conducted a systematic literature review (SLR),
facilitating a comprehensive examination of the intersection between DT and ST. Our
SLR enabled the identification of patterns and connections among various empiri-
cal findings, playing a crucial role in a post-hoc theorization of previous literature
(Frank & Hatak 2014; Kraus et al. 2020, 2022). This methodological choice was
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validated by the substantial yet fragmented body of research on TT, necessitating a
conceptual integration as a foundation for further research and evidence-based man-
agement (Kraus et al. 2024). This approach ensured objectivity and reproducibility
by following the structured methodology proposed by Tranfield et al., (2003), which
has become a quasi-standard for SLRs in the past decade (Breslin et al. 2020). By
following a specific methodology with literature as data, searching, selecting, and
synthesizing relevant literature was conducted in a transparent and replicable man-
ner, thereby minimizing bias and subjectivity (Kraus et al. 2022).

The methodology employed in this review followed a two-step approach, ensur-
ing rigor and transparency throughout the process. The two consecutive steps are:
(1) systematic data collection involving meticulous planning, defining the research
question, setting criteria, and systematically searching databases; and (2) data analy-
sis and synthesizing focus on identifying key themes, patterns, and connections to
present findings coherently and comprehensively (Tranfield et al. 2003). The review
identified distinct and shared organizational antecedents and enablers regarding TT
by systematically sampling, analyzing, and structuring literature from domains of DT
and ST from the perspective of HROs.

3.1 Data sampling

For this study, we systematically collected data using two primary databases:
EBSCOhost Business Source Ultimate and the Web of Science Core Collection. We
chose these databases because they are recommended sources for entrepreneurship
research, as noted by Kraus et al. (2020) and had necessary access. These comprehen-
sive databases ensured a robust foundation for the literature review. Recognizing that
different terms are often used synonymously in entrepreneurship research, educa-
tional literature was utilized to uncover interdependencies between keywords (Kraus
et al. 2020). To maintain methodological rigor, we restricted our analysis to busi-
ness- and management-related articles from journals indexed in the Social Science
Citation Index (SSCI) (Gernsheimer et al. 2021). Additionally, we utilized the journal
ranking conversion table by Bouncken et al. (2015) and Kraus et al. (2020) that have
been commonly used in earlier systematic reviews (Antonio & Kanbach 2023; Gern-
sheimer et al. 2021) and applied two quality thresholds by including only academic
journals that contain an Impact Factor of>1.5, according to Thomson Reuters’ Jour-
nal Citation Reports (JCR 2025), and those rated>2 in the Academic Journal Guide
(ABS/AJG 2024). Figure 1 outlines the selection process.

This approach informed the creation of two specific search strings designed to
target the relevant research areas. The search strings included titles, keywords, and
abstracts, incorporating relevant synonyms and covers the period from the year 2000
to mid 2025 to capture the breadth of the field (Fig. 1). The keywords and search
strings were discussed with experts from theoretical (academia) and practical (indus-
try) backgrounds. The industry experts represented core HRO sectors such as energy,
aviation, healthcare, and transport. Their role was limited to validating keyword
coverage and ensuring all relevant domains were captured, rather than influencing
inclusion or exclusion decisions. In addition, the search terms were cross-checked
against educational and grey literature to ensure accuracy and consistency (Kraus et
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Databases
Web of Science Core Collection, EBSCO — Business Source Ultimate

—

Search criteria for

Digital Transformation
"Digital Transformation" OR "Digiti* OR "Digitali*"
AND "High Reliability Organi*" OR "HRO*" OR
"Crit* Infrastructure" OR "Energy" OR "Water" OR
"Utility" OR "Complex Systems" OR "Transportation"
OR "Telecom*" OR "Health*" OR "Aviation" OR
"Regulated Industries" in titles, abstracts, and keywords

Search criteria for

Sustainability Transformation
"Sustain* Transformation" OR "Sustain* Transition"
OR "Green Transformation” OR "Dual Transformation"
OR "Hybrid Transformation" AND "High Reliability
Organi*" OR "HRO*" OR "Crit* Infrastructure" OR
"Energy" OR "Water" OR "Utility" OR "Complex
Systems" OR "Transportation" OR "Telecom*" OR

in English language "Health*" OR "Aviation" OR "Regulated Industries" in
titles, abstracts, and keywords in English language
n =4841 n=953

First level inclusion criteria
JCR >1,5; ABS/AIG>2

L

n = 3475

n =843

Second level inclusion criteria
Conducting title and abstract check

Third level inclusion criteria
Conducting full paper check

Adding relevant cross-references

Final set of articles

Final sample #1 (DT): n= 63

Final sample #2 (ST): n= 19

Fig. 1 Systematic literature review — research protocol, source: authors’ own work
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al. 2020). The last search occurred at the end of September 2025 and returned 4841
matching results for the DT sample and 953 for the ST sample. Following this pro-
cess reduced the final sample to 63 DT articles and 19 ST articles. This significant
difference from the initial results can be attributed to the broad and comprehensive
search terms utilized, which ensured that no potentially relevant literature was over-
looked. Consequently, extensive manual cleaning of the literature database was nec-
essary afterwards.

To ensure comprehensiveness, a forward and backward search, recommended by
Vom Brocke et al. (2009) and Webster and Watson (2002), was applied. Reference
lists from the identified articles and relevant literature reviews related to DT and
ST in HROs were manually scanned to include additional pertinent articles. This
resulted in two additional articles. Multiple sampling steps were employed to ensure
a relevant and current sample, including seminal papers on each concept and their
interconnections.

The final sample was reviewed with fellow researchers, as suggested by Webster
and Watson (2002), and during conference submissions to ensure its comprehensive-
ness and suitability for building a conceptual framework. This rigorous sampling
process ensured that the SLR extended beyond summarizing relevant scientific evi-
dence, aiming to extend existing theories and provide a solid foundation for under-
standing TT in HROs.

Although previous literature reviews have offered important insights into either
DT or ST on their own, a combined look at TT, especially within HROs, has not been
explored. Earlier reviews frequently analyze DT and ST in isolation or touch upon
how they interact without providing a structured conceptual framework merging
these ideas (George et al. 2021; Guandalini 2022; Vial 2019). Furthermore, no exist-
ing literature review provides a specific TT framework grounded in high-reliability
settings. To clearly show where this study fits in, Table 1 compares with a selective
but representative set of prior literature reviews. These reviews were chosen based
on their citation impact, recency, and conceptual relevance, thereby illustrating what
makes this work distinct.

3.2 Data analysis

To conduct a detailed content analysis of the data samples, an inductive concept
development method outlined by Gioia et al., (2013) was employed using MAXQDA
software. This involved clustering text segments from all articles into meaningful
concepts, themes, and aggregate dimensions. In total, we identified 1441 text pas-
sages, with 82 articles contributing to the first-order concepts. This pattern-inducing
technique identified relevant categories and their interrelationships, continuously
refined through an iterative process of comparing theory and data, as Glaser and
Strauss (1967) suggested. This approach facilitated a thorough view of patterns and
connections among the various empirical findings within a broader scope.

Utilizing an open coding approach, we synthesized the articles’ content, labelling
notable concepts in the literature to uncover recurring themes, patterns, or ideas. This
iterative process involved deriving first-order concepts by refining the emerging ele-
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Table 1 Comparison with selected existing Literature Reviews on DT, ST, or TT

References  Type of Findings Limitations Our Distinction
Transformation

Morioka and ST Systematic review on  No DT or TT Provides a useful

de Carvalho sustainability perfor-  focus; no HROs; structure for sustain-

(2016) mance integration; lacks DT-ST ability performance,
proposes operational- integration but our research inte-
tactical-strategic grates both dimensions
framework and targets industry-

specific context
Vial (2019) DT Drivers, processes, No TT or ST focus, Provides foundational

Ortega-Gras DT/ST
etal. (2021)

Guandalini  DT+ST

(2022)

Philpetal. TT
(2025)

Ahrensand TT
Heubeck
(2025)

Our research TT

moderators, outcomes
of DT

Enablers and barriers
for digitalization in
circular economy

Fragmentation of DT/
ST literature; overlap
of concepts; concep-
tual integration

Systematic review
explicitly on TT;
identifies five major
future research areas
(industry, politics,
sustainability, busi-
ness, environmental
impact)

Identifies leadership,
human capital, and
governance as key en-
ablers of TT through
review of 48 studies

First systematic TT
review with focus on
HROs; integrates DT
& ST into a compre-
hensive framework;
extends it beyond
HROs

no HROs, no qual-
ity assessment

No TT terminol-
ogy, no concep-
tual framework, no
HROs

No structured
synthesis, no theo-
retical framework,
no HROs

Search String
limits sample to
TT but lacks the
intersection of DT
and ST; no focus
on HROs; does not
explore sector-spe-
cific application
Smaller sample; no
theoretical model
for HROs or analy-
sis of safety—criti-
cal organizational
contexts
Systematic review
of academic
literature without
primary data
collection

DT structure, but lacks
TT integration and
context specificity
Touches DT-ST link
but lacks TT theoriza-
tion, HRO focus, and
conceptual integration

Highlights need

for TT research but
lacks systematic
synthesis, theoretical
depth, and empirical
contextualization
Broadens TT theo-
rization and sectoral
focus; our work
adds TT integra-
tion in HRO; HRO
framework

Our framework en-
riches the understand-
ing of enablers and
differentiates between
shared and distinct
factors

Fills a gap by provid-
ing the first integrated
TT framework tailored
to HROs with poten-
tial generalizability

ments, ensuring that the identified concepts were robust and accurately represented
by the data.

Through continuous comparison and identification of inconsistencies or gaps, a
total of 1,142 descriptive elements from Sample 1 (DT) and 299 from Sample 2 (ST)
was derived. These descriptive elements, including duplicates, were consolidated
into 122 first-order concepts. The first-order concepts were further aggregated into
26 s-order themes based on their links and interactions, allowing for a more orga-
nized and less granular categorization.
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The second-order themes were then abstracted to derive 10 aggregate dimensions.
This abstraction process aided in simplifying the data and highlighting the broader
themes that emerged from the literature. The resulting aggregate dimensions pro-
vided a higher-level understanding of the distinct and shared enablers of both trans-
formations (Fig. 2).

The subsequent analysis and synthesis of the examined literature focused on con-
cepts instead of authors, adopting a nonchronological approach. This focus allowed
for the derivation of a conceptual framework, presenting a novel contribution to the
field. The analysis was accompanied by explanatory figures that complemented the
supplementary material, ensuring a balanced representation of breadth and depth, as
recommended by Webster and Watson (2002), Fisch and Block (2018) and Kraus et
al. (2020).

The inductive concept development and pattern-inducing techniques employed in
this study facilitated the identification and synthesis of major themes and dimensions
within the literature on TT in HROs (Alavi & Leidner 2001). This methodologi-
cal rigor ensured that the resulting conceptual framework was comprehensive and
insightful, providing a solid foundation for future research and practical applications.

25 2

24

20 7

14

10

1
0 1 1 1 1

2015 2017 2018 2019 2020 2021 2022 2023 2024 2025
Publications DT Publications ST

Fig. 2 Distribution of selected publications per year for DT and ST in HROs, source: authors’ own
work
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3.3 Descriptive sample overview

The final samples comprised of 63 publications on DT and 19 on ST, revealing dis-
tinct patterns and similarities. These articles were published in 27 journals for DT
and 11 journals for ST, reflecting a broad yet concentrated scholarly interest in these
fields.

3.3.1 DT sample

In the DT sample of 63 publications, we observed a peak in scholarly interest in
DT within HROs in 2023, when 24 publications, representing 38% of the total DT
sample, were published (Fig. 2). Additionally, we found that 17% (11 publications)
of the DT sample were published in the journal Technovation, followed by 11% (7
publications) in Technological Forecasting and Social Change.

The methodological approaches in the DT sample were qualitative, with 49% of the
empirical studies (31 publications) employing methods such as surveys, interviews,
company-provided documents, and field observations. Quantitative approaches,
including regression analysis and t-tests, were utilized in 33% of the studies (21 pub-
lications). Additionally, 14% of the studies adopted mixed methods (9 publications),
combining mathematical models with interview-based validation, while one study
followed a theoretical legal analysis approach. This diverse methodological land-
scape underscores the complexity of researching DT in system-relevant sectors.

The industry focus of the DT publications was notably leaning towards healthcare,
accounting for 59% of the articles (37 publications), followed by the energy and utili-
ties sector, which comprised 32% (20 publications). This focus reflects the critical
importance of DT in enhancing operational reliability and efficiency in these indus-
tries. Furthermore, almost half of the DT sample (44%) consisted of case studies (28
publications), highlighting the practical and applied nature of the research.

3.3.2 STsample

In the ST sample, the highest number of publications on ST in HROs occurred in
2021, with seven articles (37%) indicating a significant focus on sustainability issues.
Additionally, 21% (4 publications) of the articles were published in Sustainability,
followed by 16% (3 publications) in the journal Energy Policy. Like the DT studies,
the ST research adopted qualitative approaches, with 90% (17 publications) of the
empirical studies utilizing surveys, interviews, company documents, and field obser-
vations. Only a small fraction (11%, 2 publication) employed quantitative or mixed
methods, combining quantitative models with qualitative validation. The industry
distribution for ST publications showed a strong focus on the energy and utilities sec-
tor, which accounted for 68% of the articles (13 publications), followed by the trans-
portation sector at 16% (3 publications). This emphasis reflects the pressing need for
sustainable practices in energy-intensive and transport-related industries. As with the
DT sample, most ST studies (58%, 11 publications) were case studies, indicating a
strong orientation towards practical implementation and analysis of sustainable prac-
tices in high-reliability settings.
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4 Findings
4.1 Digital transformation
4.1.1 Distinct antecedents of DT driven by regulatory and market forces

Providing certainty and managing complexity through regulation is the first anteced-
ent for HROs engaging in DT. Regulation offers certainty and manages the complex-
ity of adopting new technologies. Regulatory frameworks and government policies
force HROs to engage in DT, ensuring compliance, enhancing operational stan-
dards, and addressing issues like data security and environmental aspects. Govern-
ment regulations can enforce digital innovation by mandating specific technological
implementations and compliance standards. For instance, regulatory measures often
require HROs to integrate digital solutions to meet environmental and operational
standards, driving DT (Ghosh et al. 2023; Y. Liu & Song 2023). This regulatory push
provides a structured framework, reducing the uncertainty that often accompanies
technological change. The influence of regulation is evident in multiple HROs. For
example, the Affordable Care Act (ACA) mandated electronic health records (EHRSs)
in healthcare, forcing HROs to standardize processes and adopt new technologies
(Ghosh et al. 2023). This regulatory compulsion ensures HROs align their operations
with broader policy goals, accelerating DT. Government measures also target carbon
emissions, compelling HROs to adopt digital solutions as part of compliance strate-
gies. These measures, enacted by central and local governments, force HROs to tran-
sition towards sustainable practices through DT (F. Yu et al. 2023). The government
provides institutional strength and policy assistance (F. Yu et al. 2023).

The regulatory landscape addresses complexity by providing clear guidelines and
standards. For example, data security and privacy regulations significantly impact
digital technology adoption, ensuring HROs prioritize protecting sensitive informa-
tion (Steinhauser et al. 2020). These regulations offer a framework to mitigate risks.
HROs’ willingness to adopt digital strategies is influenced by the broader regula-
tory environment, including government incentives and support. Compliance with
national policies and guidelines and regulatory funding catalyzes DT efforts in the
public and private sectors (Biancone et al. 2023). This regulatory certainty helps
HROs navigate technological adoption complexities, providing a clear path forward.

Building trust through transparent digital solutions is the second antecedent of DT.
Addressing technology anxiety, usability barriers, and the overall customer experi-
ence to ensure that users embrace digital innovations is another vital enabler for
DT. Technology anxiety can significantly hinder the adoption of new digital tools
and systems, as users may feel intimidated or unsure about using them effectively
(Biancone et al. 2023). It is essential to develop user-friendly technologies that mini-
mize complexity and are intuitive. Usability barriers further complicate the adop-
tion process. Users often encounter difficulties with the usability and interactivity of
digital applications, which can deter them from fully engaging with new technolo-
gies. Key issues include difficulty accessing information, complex interfaces, and
confusing navigation, all contributing to a negative user experience (Iyanna et al.
2022). Enhancing the usability of digital tools by simplifying interfaces and ensuring
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that information is easily accessible can significantly improve customer acceptance.
HROs must prioritize user-centered design principles to foster customer acceptance.
Conducting thorough usability testing and involving users in the development pro-
cess helps identify and address potential pain points (Iyanna et al. 2022). By creating
digital solutions tailored to user’s needs and preferences, HROs can reduce resistance
and increase the likelihood of adoption.

Effective communication and education are vital to building trust through trans-
parent digital solutions. Clear instructions, tutorials, and support can help users feel
more confident using new technologies (Iyanna et al. 2022). This confidence, in turn,
can reduce technology anxiety and encourage users to engage with digital tools. Fur-
thermore, highlighting DT’s benefits and potential positive impacts can help shift
perceptions and build a more favorable attitude towards adoption. For instance, hos-
pitals implementing EHR systems use transparent digital solutions to build patient
trust (Ghosh et al. 2023; Gnugesser et al. 2025). These systems provide patients
with secure, real-time access to their medical records, ensuring data accuracy and
enabling them to track their treatment progress. Transparency in data managing also
assures patients that their sensitive information is protected, fostering confidence in
the healthcare provider.

4.1.2 Organizational resilience as distinct enabler of DT

Developing digital business models adapted to high-stakes environments represents
a distinctive enabling factor. Exploring and exploiting digital business models by
enabling HROs to innovate, access new market opportunities, and enhance service
offerings is key in DT. This involves leveraging digital technologies to explore new
possibilities and exploit existing capabilities, ensuring a balanced approach to inno-
vation and operational efficiency. DT equips HROs with tools to access new markets,
better understand target customers, and significantly improve new goods and ser-
vices development (YahiaMarzouk & Jin 2023). HROs can create innovative busi-
ness models that drive growth and competitiveness by utilizing DT. This utilization
includes identifying and capitalizing on opportunities presented by digital technolo-
gies, transforming traditional business practices, and opening new revenue streams.
In the healthcare sector, for example, DT supports the creation of innovative
business models that can revolutionize clinical practice and enhance patient care.
Integrating digital technologies allows new ways of delivering medical services,
promoting health, and improving healthcare systems' overall efficiency (Mejia-
Miranda et al. 2023). This transformation benefits patients and creates new revenue
streams and business models for healthcare providers. HROs can solve the explo-
ration—exploitation paradox through diverse DT initiatives. This involves adopting
a strategic approach that fosters exploring new digital opportunities and exploiting
established capabilities (Gastaldi et al. 2018). As a result, HROs can ensure sustain-
able growth and competitiveness in an increasingly digital landscape. Exploring new
digital business models requires a focus on innovation, adaptability, and continuous
improvement. HROs should invest in digital skills development, foster a culture of
innovation, and encourage cross-functional collaboration to identify and capitalize
on new opportunities. Exploiting existing digital capabilities involves optimizing
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current operations, leveraging data analytics for better decision-making, and enhanc-
ing customer experiences through personalized and efficient digital services.

4.1.3 People and culture as distinct enabler of DT

Enabling the workforce to adopt digital literacy and adapt to emerging digital roles
represents another distinct enabler for DT (Kallmuenzer et al. 2024). Developing
digital literacy fosters the necessary skills among employees and creates a continuous
learning environment within HROs. To support DT, HROs must prioritize develop-
ing digital competencies and internal capabilities (Chwitkowska-Kubala et al. 2023).
This prioritization involves implementing comprehensive training programs that
enhance digital skills across the workforce, ensuring employees can effectively use
new digital tools and technologies. For instance, addressing data quality and ensur-
ing employees understand how to manage and utilize it properly is crucial for DT
(Chwitkowska-Kubala et al. 2023; Gizelis et al. 2023).

Moreover, hiring new employees with specialized digital skills helps bridge the
gap between traditional practices and the demands of a digitally driven environment.
Bringing in new talent with expertise in digital technologies ensures the organization
has the technical expertise to develop and implement digital solutions (Latilla et al.
2020). Ensuring all employees, regardless of age or prior experience, have access
to training programs that enhance their digital literacy is essential. This effort helps
overcome resistance to using new systems and tools (Alzghaibi 2023). Creating user-
friendly and accessible systems is also crucial in mitigating challenges related to
digital literacy, ensuring broader acceptance and adoption of digital technologies
(Mejia-Miranda et al. 2023).

Additionally, leveraging networks and intermediaries supports digital literacy ini-
tiatives by providing valuable resources and expertise. Collaborating with educational
institutions, technology providers, and other stakeholders facilitates the development
of accessible systems and tools that cater to diverse user groups, including those with
limited prior experience with digital technologies (Mejia-Miranda et al. 2023). These
partnerships enable HROs to build a supportive environment DT, enhancing overall
operational efficiency.

4.2 Sustainability transformation

4.2.1 Distinct antecedents of sustainability transformation driven by regulatory and
market forces

Meeting the demand for sustainable solutions without compromising reliability
represents our framework’s first distinct antecedent for ST. Demand for sustainable
products from customers compels HROs to adopt more sustainable practices and
innovations to meet the evolving expectations of their customer base, thereby driving
comprehensive sustainability initiatives (Bjerkan & Ryghaug 2021). Customers are
increasingly aware of the environmental impact of their products and services. This
heightened awareness influences their purchasing decisions, favoring companies that
are committed to sustainability. For example, operators have observed that users
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are now more conscious of their energy systems’ carbon and other environmental
impacts, highlighting a growing preference for sustainable energy solutions (Tong
et al. 2020). Steps towards sustainable development enhance operational efficiencies
and contribute to increasing customer trust and loyalty. HROs prioritizing sustain-
ability is seen as more reliable and trustworthy, particularly those fulfilling their dis-
closure requirements as listed companies. This transparency in sustainability efforts
builds stronger customer relationships, reinforcing their commitment to sustainable
practices (Lorenc & Kustra 2021).

Moreover, co-creating long-term visions with stakeholders, including customers,
is essential in shaping the future of sustainable technologies. By involving customers
and other stakeholders in envisioning sustainable solutions such as energy production
and storage, autonomous systems, and alternative fuels, HROs can align their inno-
vations with customer expectations and market trends (Bjerkan & Ryghaug 2021).
This collaborative approach meets the current demand for sustainable products and
anticipates future needs. Building strong networks with interested HROs, experts,
and users is crucial for mobilizing collective action towards sustainability goals.
These networks help foster a culture of sustainability, encouraging HROs to innovate
and adopt sustainable practices in response to customer demand (Bjerkan & Ryghaug
2021).

The second distinct antecedent is to enforce radical change through regulation and
guarantee operational stability. Regulatory frameworks and policies play a crucial
role in enforcing radical changes necessary for ST. These regulations push enter-
prises to adapt strategically and operationally to meet environmental standards and
policy requirements, driving significant advancements in sustainable practices.

Enterprises must adapt to changes in the external environment and make strate-
gic modifications that comply with environmental policy requirements (F. Yu et al.
2023). Conflicts between national-level regulations and local development priorities
often present significant barriers, indicating the complex landscape that enterprises
must navigate (Kirch Kirkegaard et al. 2021; Tong et al. 2020). Despite these chal-
lenges, the regulatory and policy frameworks, rather than technological innovations
alone, often drive the implementation of critical sustainability initiatives, investments
in renewable energy, and the adoption of energy efficiency technologies (Bortoleto
et al. 2021).

Regulatory constraints can hinder the ability of enterprises to freely develop
their business models, particularly concerning expansion, mergers, and the pursuit
of alternative technologies (Lieberherr & Truffer 2015). Operators face difficulties
implementing significant changes because of the time-consuming and often pro-
tracted process of project approval within the political regulatory system (Lieberherr
& Truffer 2015). However, these regulations also allow enterprises to gain competi-
tive advantages through stricter environmental policies. For instance, various organi-
zations view sustainability transitions as viable business opportunities that enhance
their competitive edge, leading to the mobilization for stricter regulations and greener
policies (Bjerkan & Ryghaug 2021). Proactive environmental disclosure in response
to governmental regulations can help HROs strive for government approval and align
with environmental standards (Mosconi et al. 2022). Environmental regulations force
enterprises to undertake green reforms and drive them to innovate to compensate for
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environmental protection costs (Mosconi et al. 2022). Regulatory incentives have
been instrumental in prompting companies to transition from traditional to more sus-
tainable business models (Ngar-yin Mah et al. 2017).

4.2.2 Strategy as distinct enabler for sustainability transformation

Fostering long-term thinking and systematic change in sustainability is the distinct
enabler in strategy for our framework. This enabler focuses on fostering radical inno-
vations, restructuring organizational frameworks, and aligning leadership and talent
with sustainability goals. ST necessitates significant structural changes within HROs.
Technological advancements alone are insufficient; radical innovations often require
broader structural changes (Damman & Steen 2021). For example, transitioning to
renewable energy involves adopting new technologies and rebranding and redefin-
ing the organization’s mission and strategy, as seen in companies transforming their
entire business model towards 100% renewable energy (Lindberg & Kammermann
2021). Organizational restructuring plays a pivotal role in accelerating ST (Kirch
Kirkegaard et al. 2021). This includes diversifying organizational functions, setting
up dedicated transition teams, and creating specialized departments to support the
transition process (Bosman et al. 2018). A change in leadership can also drive these
transformations, bringing new perspectives and a renewed commitment to sustain-
ability (Lippolis et al. 2023). Radical transformation of the organizational structure
can significantly enhance business orientation and prepare the organization for sus-
tainability-focused initiatives (Lippolis et al. 2023). This structural reorganization
ensures that sustainability becomes a core aspect of the business strategy, rather than
a peripheral concern. HROs that prioritize the development of strong R&D capa-
bilities can better grasp the developments in sustainability. These resource-based
enterprises can effectively allocate green innovation resources, leading the way in
sustainable innovation (Mosconi et al. 2022).

4.2.3 Organizational resilience as distinct enabler for sustainability transformation

Exploring for sustainability solutions without disrupting critical operations focuses
on building networks, exchanging knowledge, and collaborating with external
experts to foster environmental protection, sustainable development while running
stable operations. For instance, a hospital implements an energy-efficient heating,
ventilation, and air conditioning (HVAC) system in non-critical areas, such as admin-
istrative offices, to reduce energy consumption and carbon emissions. This phased
approach allows the hospital to evaluate the feasibility of the solution while ensur-
ing that critical operations, such as patient care in surgical and intensive care units,
remain unaffected by potential system downtime or performance issues (Del Regno
et al. 2023).

HROs must actively seek knowledge and expertise from various sectors to drive
sustainability initiatives. Engaging with experts from different fields allows HROs
to gain diverse perspectives and innovative solutions for sustainable practices. For
instance, forming strategic research alliances with universities and research centers
facilitates the exchange of knowledge and strengthens the organization’s capacity
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for sustainable (open) innovation (Lieberherr & Truffer 2015; Wang et al. 2023). ST
requires engaging with political parties, companies, and institutions that share a simi-
lar agenda. Building new partnerships and reassessing ongoing collaborations ensure
that HROs align their sustainability goals with broader societal and environmental
objectives. By forming technology-specific advocacy coalitions, HROs can build a
broader constituency behind specific sustainable technologies and drive collective
action towards sustainability (Lindberg & Kammermann 2021). Developing sensing
capabilities through networks is essential for identifying new sustainability oppor-
tunities and challenges. HROs must optimize stakeholder engagement, including
startups, universities, research centers, communities, customers, suppliers, NGOs,
and international organizations (Lippolis et al. 2023). These networks provide valu-
able insights and resources that enable HROs to adapt to changing environmental
conditions and advance their sustainability goals. For example, orchestrating a wide
range of users and actors to develop joint zero-emission concepts, demonstrating
the importance of external collaboration in achieving sustainability targets (Bjerkan
& Ryghaug 2021). Technology coalitions allow HROs to pool resources and exper-
tise to advance specific sustainable technologies. These coalitions create a support-
ive environment for innovation and facilitate the development and deployment of
sustainable solutions. Strategic partnerships with academic institutions and research
organizations further enhance the organization’s technological capabilities and con-
tribute to sustainability (Bosman et al. 2018).

4.2.4 People & culture as distinct enabler of sustainability transformation

Aligning the workforce towards sustainability means fostering a proactive mind-
set towards sustainable practices and ensuring that all stakeholders agree with the
HROs sustainability goals. By creating a unified vision and encouraging collabora-
tive efforts, HROs can effectively drive ST (Bosman et al. 2018). The alignment
of actors towards sustainable production, operations, and value chains with shared
expectations of a green future is another fundamental aspect (Bjerkan & Ryghaug
2021). Actors must prepare for a green future by reducing emissions and improving
energy efficiency.

This alignment drives HROs to explore and implement sustainable solutions, ensur-
ing that all stakeholders are working towards common sustainability goals (Bjerkan
& Ryghaug 2021). The adjustment of risk-averse behavior is particularly important
in HROs. Operators may become risk-averse which can be negative for innovation
(Lieberherr & Truffer 2015). Encouraging a culture that embraces calculated risks,
and innovation is essential for ST. This involves reducing resistance to transition by
creating an environment that supports and rewards sustainable initiatives.

4.3 Twin transformation
Following our systematic review of existing literature on DT and ST, we identified

several shared antecedents and enablers essential for both transformation processes.
As such, these have been incorporated into the TT domain.
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4.3.1 Shared antecedents of twin transformation driven by regulatory and market
forces

Utilizing economic incentives is essential in enabling DT and ST, consequently serv-
ing in both transformations as a key antecedent for TT. By addressing cost-related
barriers, leveraging financial resources and regulatory support, economic incentives
facilitate the adoption of transformative practices across various organizational con-
texts. High costs associated with integrating new technologies present significant
challenges, including infrastructure issues, technical support requirements, data regu-
lations, interoperability issues, and security concerns (Abi Saad et al. 2024). HROs
with greater financial resources can more effectively overcome these challenges,
benefiting from economies of scale that positively influence DT (Raimo et al. 2023).
A shift in business models and mindsets is also fundamental to enhance financial
performance and transform internal capabilities (Carroll & Maher 2023). However,
some HROs overestimate the costs of digital technology adoption, perceiving them
as prohibitively high and deterring them from replacing established practices (San-
tarsiero et al. 2022, 2023). The high cost of errors in HROs further deters experi-
mentation with new strategies lacking sufficient expertise (Ahmad et al. 2021). DT
initiatives often require specific resources and expertise (F. Yu et al. 2023). It shows
that financial constraints and lack of supportive legislation hinder the implementa-
tion of innovative practices (Q. Liu et al. 2021). However, access to central funds
and governmental pressure can drive HROs to prioritize DT (Zhao & Canales 2021).

Economic incentives are equally critical in ST, even though as mentioned by
Ardito et al., (2021), there is no evidence that combining digitalization and sustain-
ability benefits a firm’s performance. Increasing societal and governmental pressures,
coupled with changes in leadership, create opportunities for a transition in manage-
ment processes (Bjerkan & Ryghaug 2021; Bosman et al. 2018). Actors in various
HRO industries often weigh the risks and benefits of sustainability, with a common
assumption that initiatives will not be pursued if they entail economic losses (Abi
Saad et al. 2024). Tong et al., (2020) argues that the demand for sustainable services,
while driven by environmental considerations, must also align with cost-effective-
ness to be viable. However, some organizations perceive sustainability as a competi-
tive advantage, advocating for stricter regulations and greener policies to enhance
their market positions (Bjerkan & Ryghaug 2021). Reforms aimed at sustainabil-
ity frequently focus on cost-efficiency rather than radical innovation (Lieberherr &
Truffer 2015) and in some instances, economic and industrial development ambitions
drive sustainability initiatives rather than purely environmental motivations (Tan et
al. 2021).

Overall, we observe that economic incentives are a pivotal antecedent for TT.
Financial incentives and support structures can mitigate the high costs and perceived
risks associated with DT and ST. By aligning economic benefits with transformative
goals, HROs can overcome these challenges, leverage economies of scale, and inte-
grate new technologies and sustainable practices more effectively. This intersection
of economic and strategic incentives underscores the critical role of economic factors
in driving comprehensive transformations within HROs.
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Accelerating technological advancements improves operational efficiency and
drives innovation, enabling HROs to achieve their transformative goals more rapidly
and effectively. In DT, on the one hand advanced technologies like Al play a decisive
role. They boost innovation potential, particularly in improving operational processes
or forecasting demands contributing to a more efficient and innovative operational
framework (Y. Liu & Song 2023; Lyu & Liu 2021). On the other hand, energy con-
sumption, especially for the development of Al, are becoming concerns (Kolb et al.
2023). The training phase of Al models often considered the most energy-intensive,
has been the focus of sustainability research recently (de Vries 2023). Resource-based
enterprises highlight the importance of green innovation through digital technology,
improving environmental efficiency (Mosconi et al. 2022). Efficient and connected
information networks support information disclosure and provide resources for
innovation. Digital technology enables HROs to realize green technology innova-
tion swiftly, with lower input costs, offsetting the costs of environmental regulations
(Mosconi et al. 2022).

For ST, implementing innovative technologies is equally crucial. The OECD rec-
ommends combining technological, operational, and alternative energy measures to
achieve sustainability goals (OECD 2019). HROs ambitiously adopt new technolo-
gies to enhance sustainability performance, such as electric charging systems, alter-
native fuels, and other green technologies (Bjerkan & Ryghaug 2021).

Combining these insights to form a cohesive antecedent, technology innovation
emerges as a pivotal antecedent for TT. Advanced technologies facilitate DT and ST
by fostering innovation capabilities, reducing costs, and improving operational effi-
ciency. This integration underscores the critical role of technological innovation in
driving comprehensive and synergistic transformations within HROs.

Catalyzing green transformation through digital technologies provides a signifi-
cant entry point for HROs to enhance their green innovation abilities. These technol-
ogies promote the integration and efficient flow of green innovation resources (He et
al. 2024;Y. Liu & Song 2023; Mosconi et al. 2022). The application of advanced dig-
ital solutions, such as Artificial Intelligence (Al), cloud computing, and other emerg-
ing technologies, significantly enhances organizational productivity and innovation
efficiency, thereby facilitating green transformation (Ahmad et al. 2021; Roppelt et
al. 2024; Schwaeke et al. 2025). The role of Al is noteworthy, as it supports various
green initiatives such as optimizing energy storage, forecasting energy demands, and
integrating renewable energy sources in utilities. These Al applications contribute
to the growth of low-carbon electricity generation and have substantial long-term
impacts on achieving sustainability goals (Ahmad et al. 2021). Digital solutions also
empower HROs to optimize green production processes, reduce pollution control
costs, and improve overall environmental efficiency (Mosconi et al. 2022).

The growth of digital technology is critical in driving the green and low-carbon
transformation necessary to meet these targets. By leveraging technological power
and innovative innovations, HROs can significantly enhance their sustainability
efforts (Y. Liu & Song 2023; F. Yu et al. 2023). Digital advancements foster a condu-
cive environment for green technology innovation, which is fundamental to generat-
ing new technologies and improving existing processes. This, in turn, leads to more
efficient and cost-effective solutions for environmental challenges. As HROs adopt
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digital technologies, they are better positioned to innovate and implement sustainable
practices that contribute to long-term environmental goals (Mosconi et al. 2022).

4.3.2 Strategy as shared enabler of twin transformation

Developing integrated risk-responsive strategies aligns organizational goals with
transformative initiatives, ensuring safety, coherence and effectiveness in achieving
digital and sustainability objectives. In DT, HROs need a coherent strategy that aligns
business problems with appropriate digital technological initiatives. This requires
setting concrete strategies, onboarding personnel with relevant skillsets, and orches-
trating efforts through a central team to ensure alignment with business needs and
culture (Kokshagina 2021). Fostering interactions among top management, profes-
sionals, and technical teams is crucial for developing an effective knowledge strategy
supporting digital initiatives (Manny et al. 2021; Zhao & Canales 2021). Digitali-
zation connects bottom-up technological innovation with top-down organizational,
cultural, and systematic changes (Denicolai & Previtali 2023). This bridging func-
tion is essential for integrating technological advancements into the broader strategic
framework, ensuring systematic alignment with organizational objectives.

For ST, strategic development involves embedding sustainability into the core
business strategy. When strategy changes impact the entire business model, top man-
agement should assign a central role to sustainability, integrating it into all aspects
of operations (Lippolis et al. 2023). Emphasizing the financial effects of operations
and building positive stakeholder relations encourages enterprises to incorporate sus-
tainable development policies into their strategies (Lorenc & Kustra 2021). Strate-
gic alignment between sustainability goals and business objectives is essential for
driving comprehensive transformation. Parallelizing these measures by developing
a robust strategy is a pivotal enabler for TT. Strategy development for TT integrates
top-down and bottom-up approaches, intersecting to influence transformation out-
comes (Polakova-Kersten et al. 2023). This dynamic strategy leverages innovation
while aligning digital and sustainability initiatives with organizational goals and fos-
tering collaboration across all levels. A coherent strategy ensures DT and ST are
effectively implemented, facilitating comprehensive and synergistic organizational
change.

Successful strategy execution with phased implementation requires strategic
alignment, dedicated management, stakeholder engagement, and a balance of top-
down and bottom-up approaches. Effective strategy execution necessitates that all
organizational units fully commit to transformation initiatives. Without this com-
mitment, critical aspects of strategy implementation may falter, rendering senior
management efforts ineffective (Polakova-Kersten et al. 2023). For DT leaders must
possess a comprehensive understanding of the organization’s digital and sustainable
needs to ensure overall alignment (Johansson et al. 2022). This alignment requires
managers to foster exploration and exploitation within their teams, empowering
them to innovate while ensuring efficient execution of strategic plans (Latilla et al.
2020). The creation of dedicated departments or roles, such as strategy, Innovation,
and Development, reporting directly to top leadership, can facilitate this process
and ensure focused execution (Denicolai & Previtali 2023). However, the success
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of digital strategies heavily depends on their adoption by end-users (Garcia-Perez et
al. 2023). Balancing technological excellence with economic sustainability requires
a mix of incremental and radical improvements, integrating top-down and bottom-up
initiatives (Denicolai & Previtali 2023). In the context of ST, dedicated managers for
environmental and energy issues are essential. Engaging stakeholders in the transi-
tion process is also crucial for successful execution (Damman & Steen 2021). Transi-
tion management processes need to be prepared in close cooperation with strategic
departments, ensuring that strategic experimentation and reflexivity are integrated
into the overall execution plan (Bosman et al. 2018). Sustainability transitions often
require a dual strategy incorporating existing economic activities and new, innovative
approaches. This involves system optimization, such as carbon capture and storage,
alongside system innovation for sustainable, low-carbon production (Bosman et al.
2018). Strategic execution in this context is about managing the unpredictable nature
of transitions through continuous experimentation and adaptation. Overall, executing
strategy is a pivotal enabler for both transformations. It involves ensuring strategic
alignment, fostering dedicated management roles, engaging stakeholders, and bal-
ancing top-down and bottom-up initiatives. This comprehensive approach ensures
that DT and ST are effectively implemented, aligning with organizational goals and
driving systemic change.

4.3.3 Data & IT as shared enabler of twin transformation

Leveraging data analytics to align safety, efficiency, and sustainability is another piv-
otal TT enabler. Developing and integrating IT and technology capabilities ensures
that HROs are well-equipped to manage and implement transformative initiatives
effectively. For DT, HROs must develop enabling capabilities before executing a
digital strategy. This preparation ensures maturity for sustaining the transformation
(Oliveira et al. 2024). The process involves overcoming DT gaps by developing new
processes, assets, and competencies (Pundziene et al. 2022). HROs must be aware of
changes in external and internal environments and build digital capabilities in areas
such as Al, Blockchain, and the IoT (Bhatti et al. 2021; Fernandez-Vidal et al. 2022;
Spano et al. 2023). Sustainable DT depends on developing digital skills and capa-
bilities and following their dynamic evolution (Akadiri et al. 2025; Hou et al. 2024).
This includes hiring new employees, training the existing workforce, and ensuring
management is equipped to manage new digital tools (Latilla et al. 2020; Ulrich et
al. 2024; Zhao & Canales 2021). Structural IT capabilities, combined with dynamic
capabilities (DCs), support the structural change in DT, encompassing technical IT
integration and organizational and individual competencies (Ghosh et al. 2023). DCs
are in this case critical for HROs to adapt to changing environments, innovate, and to
maintain their competitive advantage (Eisenhardt & Martin 2000; Teece et al. 1997,
Winter 2003). Emerging digital technologies like big data and cloud computing play
a significant role in transforming sectors (Basile et al. 2024; Bhatti et al. 2021; Lyu &
Liu 2021; Meske et al. 2021). HROs must view technology as a strategic investment
rather than just a cost (Ghosh et al. 2023). Training programs for managing DT and
operating new platforms are essential for improving employee efficiency and skill
output (Giraldo et al. 2021; Y. Yu et al. 2024). Technology capabilities drive innova-
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tion, enhance efficiency, and integrate sustainable practices into business strategies,
thus contributing to the overall sustainability goals and ensure that HROs remain
competitive and effective in achieving long-term sustainability. Leveraging tech-
nology capabilities in ST involves incremental learning and experimentation with
specific technologies. This "learning by doing" approach allows HROs to integrate
new technologies gradually (Bjerkan & Ryghaug 2021). Establishing dedicated data
departments and transition teams supports this integration (Bosman et al. 2018).
Building technology-specific advocacy coalitions and networks is crucial for ST, sup-
porting the diffusion of knowledge and resources (Lindberg & Kammermann 2021).
Collaboration with external research networks enhances technical IT-expertise and
innovation capacity, facilitating the development of technical standards and sustain-
able solutions (Ngar-yin Mah et al. 2017). Essentially, leveraging IT and technology
capabilities is a fundamental enabler for TT. HROs must develop and integrate a wide
range of digital and technological competencies to manage and implement transfor-
mative initiatives effectively. For example, an airline uses data analytics to optimize
flight paths, reducing fuel consumption and carbon emissions while ensuring strict
compliance with air traffic safety regulations (Bailey et al. 2023). By integrating
real-time weather data, air traffic conditions, and fuel efficiency metrics, the airline
aligns operational goals with sustainability targets without compromising passenger
safety. This comprehensive approach ensures that DT and ST are supported by robust
technological foundations, driving innovation and operational efficiency.

Harmonizing and using data for proactive decision-making focuses on addressing
data privacy, quality, and integration challenges to ensure that data-driven decision-
making processes can be effectively implemented across organizational contexts.
Within DT, data protection is a significant concern. Trust in data sharing must be con-
sidered from technological and ethical perspectives, especially in highly regulated
industries that must comply with stringent ethics, safety, and data privacy standards
(Gizelis et al. 2023; Pundziene et al. 2022). Resistance to sharing sensitive data fur-
ther slows the adoption and diffusion of digital technologies (Santarsiero et al. 2023).
Privacy and security are among the most pressing concerns, with issues such as data
uncertainty and unreliable analysis posing significant challenges (Ahmad et al. 2021;
Q. Liu et al. 2021). Data quality is another major factor impacting DT (Manny et al.
2021). Many HROs struggle with the quality of their data, affecting the effective-
ness of data-driven operations (Tortorella et al. 2022). Integration challenges, such
as the lack of standardized methods to collect data within and across departments or
interoperability, can lead to efficiency losses and critical operational issues (Kok-
shagina 2021). Addressing these data quality and integration issues is essential for
leveraging digital technologies effectively (Ghosh et al. 2023; Giraldo et al. 2021).
Concurring in ST, data plays a pivotal role in designing efficient systems and driving
green energy initiatives. For instance, building a global data governance system can
reduce production costs and support the development of sustainable energy solu-
tions through big data analysis (Mosconi et al. 2022). Data-driven approaches enable
HROs to optimize their business practices and achieve sustainability goals more effi-
ciently (Tong et al. 2020).

Combining insights from both contexts, harmonizing and using data becomes a
foundational enabler for TT. HROs must harmonize data and establish robust data
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governance frameworks that address privacy, security, quality, and integration chal-
lenges. By developing standardized methods for data collection and ensuring data
integrity, HROs can enhance their decision-making processes and support DT and
ST initiatives. For instance, a shipping company harmonizes data from vessels,
weather forecasts, and port traffic systems into a centralized analytics platform. This
integration enables proactive decision-making, such as optimizing routes to reduce
fuel consumption, avoiding adverse weather to ensure crew and cargo safety, and
minimizing emissions to meet sustainability targets (Kaklis et al. 2022). Furthermore,
fostering a culture of trust and ethical data management is inevitable. HROs need to
ensure that data sharing and usage comply with regulatory standards and build trust
among stakeholders. This ethical approach to data management supports the broader
goals of TT by aligning technological advancements with societal and environmental
responsibilities.

4.3.4 Organizational resilience as shared enabler of twin transformation

Building innovation capabilities for risk-tolerant advances involves developing the
necessary skills, structures, and processes to foster innovation, allowing HROs to
respond effectively to evolving market demands and technological advancements
while guaranteeing operational stability. For DT, developing innovation capabilities
begins with assessing the maturity of digital tools and analyzing innovation capaci-
ties within different business areas (Giraldo et al. 2021). Implementing an innova-
tive co-creation approach by involving stakeholders in the design and development
process to ensure the success of digital initiatives can be advantageous (Meske et al.
2021). HROs must also focus on developing new business models that align with the
digital strategy and customer needs, enhancing their ability to seize new opportuni-
ties (Giraldo et al. 2021). Fostering a culture of continuous learning and adaptation
is vital. This includes training employees in new skills, integrating innovation capa-
bilities across the organization, and promoting an environment that supports experi-
mentation and risk-taking (Zhao & Canales 2021). HROs need to balance exploring
new digital opportunities with exploiting existing capabilities, ensuring sustainable
growth and competitiveness in the digital landscape (Gastaldi et al. 2018).

In the context of ST, innovation capabilities are equally central. HROs need to
expand their business models to address new areas within the environmental field,
such as ecosystem services and sustainable resource management (Lieberherr &
Truffer 2015). Establishing dedicated innovation departments and integrating sus-
tainability into core business strategies are key steps in this process. These depart-
ments can focus on developing solutions to address climate change, enhance energy
efficiency, and promote sustainable practices (Lieberherr & Truffer 2015). Collabora-
tion with external research institutes, universities, and industry partners is essential
for strengthening technological expertise and innovation capacity (Ngar-yin Mah et
al. 2017). By participating in long-term research and development networks, pub-
lic—private partnerships, and funded projects, HROs can stay at the forefront of tech-
nological advancements and sustainability practices (Damman & Steen 2021). An
example of integrating innovation and sustainability is the creation of roles specifi-
cally focused on combining these elements within the organizational structure. For
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instance, the introduction of an “innovability” function, which combines innovation
and sustainability under direct leadership, ensures that both elements are strategically
aligned and effectively managed (Lippolis et al. 2023). This approach fosters a holis-
tic view of innovation, embedding it within the organizational culture and aligning
it with sustainability goals. Ultimately, building innovation capabilities is a central
enabler for TT.

Establishing strategic agility to manage interdependencies between transforma-
tions involves enhancing the HROs capabilities to reconfiguring its structure and fos-
tering an environment that can rapidly adapt to changing circumstances. For DT, this
involves developing structural IT capabilities that support the basic conditions for
transformation and ensuring connectivity and interoperability across the organization
(Kokshagina 2021). Reconfiguring processes to increase flexibility and agility in IT
delivery and ensuring technical readiness and support (Garcia-Perez et al. 2023). In
ST, DCs are vital for enabling HROs to implement radical innovations and struc-
tural changes for sustainable development (Damman & Steen 2021; Weiss & Kan-
bach 2021). Developing sensing capabilities within DCs is a key for strategic agility,
allowing HROs to actively respond to environmental opportunities and threats. This
includes leveraging collaborations with external partners, such as universities and
research centers, to stay ahead of technological and market trends (Lieberherr &
Truffer 2015). By continuously monitoring the external environment, HROs can
identify new opportunities for digital and sustainable innovations to adjust their strat-
egies, accordingly, maintaining competitiveness in rapidly changing markets. HROs
may need to transition from traditional to more flexible, business-oriented structures.
For example, shifting from a divisional to a matrix model can better support sus-
tainability objectives (Lippolis et al. 2023). Additionally, fostering interdisciplinary
knowledge within cross-functional teams builds resilience and supports integrating
new technologies and sustainable practices. This adaptability is crucial for overcom-
ing traditional business model inertia and effectively responding to transformation
pressures (P. Liu & Wu 2023).

Overall HROs must be able to quickly adjust their strategies to incorporate new
digital technologies and sustainable practices. This includes developing new business
models focused on efficiency and sustainability, ensuring that all parts of the organi-
zation are aligned with these strategic goals (Ghosh et al. 2023; Lippolis et al. 2023).
By aligning strategic initiatives with operational capabilities, HROs can effectively
implement transformative changes and achieve long-term sustainability and digital
objectives. By ensuring strategic agility, HROs can effectively navigate the com-
plexities of DT and ST, aligning resources and processes to meet evolving demands.
These capabilities allow HROs to reconfigure their resource allocation in response
to unexpected circumstances, ensuring they can swiftly adapt to new challenges and
opportunities (Ghosh et al. 2023; Y. Liu & Song 2023; YahiaMarzouk & Jin 2023).

Performing error-free while implementing digital and green solutions is a crucial
requirement for HROs, ensuring they maintain high-reliability and safety standards
while implementing digital and sustainable initiatives. This critical enabler involves
managing inherent risks, fostering resilience, adaptability, and a culture of continuous
improvement. The challenge of DT compels HROs to simultaneously meet economic
objectives and fulfil their social responsibilities while maintaining error-free opera-
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tions. Building institutional resilience is essential for HROs, enabling them to manage
unexpected events and maintain high performance levels effectively. As highlighted
by Jabtonski & Jabtonski, (2021), resilience is a cornerstone of high-reliability, sup-
ported by fostering interdisciplinary knowledge within cross-functional teams and
ensuring technical readiness and support. This interdisciplinary approach enhances
the organization’s technical capabilities and promotes a holistic understanding of the
challenges at hand, thus enabling more effective solutions (Garcia-Perez et al. 2023).

Moreover, HROs must be adept at sensing opportunities and threats in the exter-
nal environment. This involves closing the gap between core business activities and
emerging digital opportunities, ensuring they can diversify and adapt to changing
market conditions. By doing so, they can remain competitive and resilient in the
face of external pressures (Fernandez-Vidal et al. 2022; Liu & Wu 2023). ST pres-
ents additional challenges for HROs, requiring them to build sustainable alternatives
while phasing out unsustainable practices. This process demands radical innovations
and comprehensive reconfiguration of existing systems and processes. For example,
utilities must balance safety, security, and reliability with the need for innovation
and cost reduction. This balance is essential to ensure that while they innovate and
adopt new technologies, they do not compromise on safety and reliability (Bosman
et al. 2018; Imperiale et al. 2023). In conclusion, the path to achieving error-free per-
formance during transformation for HROs is multifaceted, involving the integration
of resilience, adaptability, and continuous improvement into their core operational
frameworks. By fostering interdisciplinary knowledge, sensing external opportuni-
ties and threats, and embracing sustainable transformation, HROs can maintain high-
performance standards and achieve long-term success (Fig. 3).

4.3.5 People & culture as shared enabler of twin transformation

Promoting a mindset of systemic thinking where digital and sustainability goals are
pursued cohesively includes developing new competencies, fostering an open mind-
set, and aligning organizational values within the HRO staff. DT requires develop-
ing new competencies and internal capabilities. This involves hiring new employees,
enhancing skillsets, and providing continuous training to improve digital literacy
among the workforce (Ghosh et al. 2023; Giraldo et al. 2021). Empowering employ-
ees as change agents is crucial, as they drive innovation and support the transfor-
mation process internally (Aerts et al. 2023). A shift in organizational mindset is
necessary to overcome internal resistance that can derail transformation efforts. Fos-
tering a culture responsive to innovation and utilizing networks and intermediary
organizations to facilitate change is essential (Denicolai & Previtali 2023).

Effective communication is critical to explaining the need for DT, creating a
risk-agreeable space, and building employee trust. This accelerates the adoption of
new technologies and practices (Carroll & Maher 2023). Enhancing digital literacy,
providing the necessary technical support, and training can significantly boost an
organization’s capacity to implement DT initiatives (Ahmad et al. 2021). Creating a
dedicated transition unit within the organization can support the cultural shift towards
ST. This unit can align actors towards sustainable production, operations, and value
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Fig. 3 Data structure — Twin Transformation, source: authors’ own work

chains, ensuring everyone within the organization shares the expectation of a green
future (Bjerkan & Ryghaug 2021).

Changing the culture to embrace the organization’s new role in sustainability is
vital for reducing resistance to transition and adjusting risk-averse behavior (Bosman
et al. 2018). Hiring and developing employees with competencies in sustainability-
related fields, such as technology, business development, policy, regulation, and
governance, ensures readiness to drive sustainable practices (Bosman et al. 2018;
Correia & Frank 2025). These aspects are important for DT and ST and contribute to
TT. Strengthening stakeholder interplay by engaging with political parties, compa-
nies, and institutions with similar agendas helps build a supportive network driving
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collective action towards TT. This includes fostering interdisciplinary knowledge,
sensing external opportunities and threats, and embracing DT and ST to maintain
high-performance standards (Garcia-Perez et al. 2023). Comprehensive training cov-
ering digital literacy and sustainability can enhance the organization’s overall capac-
ity to implement TT initiatives (Ahmad et al. 2021).

4.3.6 Outcomes of digital, sustainability and twin transformation

The outcomes of this framework for transformation are exemplary. DT individually
can lead to several positive outcomes, including improved efficiency through stream-
lined processes, automation of tasks, and optimized workflows, which in turn enhance
productivity and reduce operational costs (Ali Mohamad et al. 2023). Moreover, DT
enables organizations to collect, analyze, and leverage vast amounts of data to gain
insights into customer behavior, market trends, and internal operations, thereby sup-
porting informed decision-making. It encourages HROs to rethink their business
models, often resulting in new revenue streams, value propositions, and enhanced
market positioning (Lyu & Liu 2021). ST can return multifaceted outcomes, includ-
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ing regulatory compliance and effective risk management through adherence to sus-
tainability standards and regulations (Lieberherr & Truffer 2015).

Furthermore, proactive sustainability measures facilitate anticipating and pro-
actively addressing of emerging regulatory requirements. HROs prioritizing sus-
tainability cultivate trust with customers, investors, employees, and communities,
highlighting their unwavering commitment to social and environmental responsibil-
ity (Tong et al. 2020). This endorsed trust enhances reputation and fosters benefi-
cial relationships. Moreover, ST holds the potential to generate substantial long-term
value by aligning business strategies with the imperatives of sustainable develop-
ment. HROs that seamlessly integrate environmental and social considerations into
their core business strategies are strategically positioned for enduring success and
resilience in the face of evolving challenges. This can include competitive advantages
within the scope of TT by embracing both transformations simultaneously. HROs
that proactively address sustainability concerns and leverage digital technologies to
drive efficiency and innovation are better positioned to adapt to evolving market
demands and differentiate themselves. Both transformations, when approached com-
bined, foster innovation. HROs that proactively address sustainability concerns and
leverage digital technologies to drive efficiency and innovation are better positioned
to adapt to evolving regulatory and market demands (Bjerkan & Ryghaug 2021).
Streamlining processes and workflows through automation, data-driven decision-
making, and real-time monitoring can improve operational efficiency. When coupled
with sustainability goals, this can lead to more efficient resource allocation, reduced
energy consumption, and lower carbon emissions (Mosconi et al. 2022).

4.4 Conceptual framework on DT, ST, and TT for HROs

Using the data structure of the DT and ST samples, we developed a conceptual frame-
work (Fig. 4) that categorizes the distinct (DT/ST) and the shared (TT) antecedents
and enablers for each transformation type based on key comparison categories. This
framework also outlines potential outcomes specific to each transformation. Shared
antecedents and enablers, identified across data samples, are essential for TT, whereas
distinct antecedents and enablers are required solely for DT or ST.

Various categories, such as strategy, data and IT, organizational resilience, or peo-
ple and culture have been identified (e.g. Chwitkowska-Kubala et al. 2023; Giraldo
et al. 2021; Santarsiero et al. 2023). Within these broader categories, distinct and
shared enablers were mapped to their corresponding transformation types. Through
this SLR, which aims to integrate and contextualize the antecedents and enablers for
DT, ST and TT, 7 antecedents and 13 enablers were identified.

The proposed conceptual framework demonstrates that 3 antecedents are directly
connected to the TT process, while 2 are specifically related to DT or ST. Of the 13
enablers identified, 8 are shared between DT and ST and merging into the TT stream
(see Table 1). These findings underscore the importance of shared enablers across
both transformations.

The following empirical examples from the DT and ST samples illustrates how the
shared TT enablers can materialize in practice. For instance, a European hospital’s
stroke unit exemplified an integrated, risk-responsive strategy by combining digi-
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Fig. 4 Conceptual framework — Twin Transformation in High-Reliability Organizations, source: au-
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tal patient-management systems with process redesign, leading to both faster treat-
ment and better clinical outcomes (Kokshagina 2021). In the same institution, phased
implementation of digital tools in the cardiology department supported Value-Based
Healthcare (VBHC), allowing iterative refinement across system levels. Moreover,
healthcare organizations have used predictive analytics to optimize bed usage, align-
ing safety, efficiency, and sustainability goals (Denicolai & Previtali 2023). Beyond
healthcare, Al-driven tools like predictive maintenance and intelligent chatbots have
enabled proactive decision-making and improved resource use, demonstrating how
data harmonization can drive both digital and sustainable outcomes (Gizelis et al.
2023). These examples ground the theoretical model in real-world settings, highlight-
ing the tangible interplay of digital and sustainability goals within complex, risk-
sensitive environments (Table 2).

5 Discussion
5.1 The development of an extended conceptual framework on DT, STand TT

To enhance missing pieces from the focus on HRO, we analyzed, compared, and
integrated key findings from existing non-HRO literature reviews and their resulting
frameworks. Given the scarcity of comprehensive perspectives on TT, we compared
our HRO framework with insights from two significant studies, identifying overlap-
ping and new components and expanding its foundational scope.

As part of this framework expansion, we identified overlapping elements from
prior literature, indicated with a single asterisk (*) in Fig. 5 while integrating addi-
tional core elements related to TT antecedents and enablers, clearly marked with a
double asterisk (**). This distinction allows for a clear understanding of the origins
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Table 2 Overview of Shared
and Distinct Enablers for TT in
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of each component, ensuring that the framework comprehensively captures the foun-
dational aspects of TT and the broader dynamics emerging from the literature.

The first study, conducted by Burinskiené & Nalivaike, (2024), explored TT in
small and medium enterprises (SMEs), introducing 4 enablers for TT: (1) resource
productivity levels achieved during the transformation process, (2) market share of
products produced using green technologies, (3) the number of digital technologies
adopted, and (4) the number of sustainable technologies applied by SMEs. Integrat-
ing these insights allowed us to incorporate resource productivity and technological
integration as core components of the extended framework.
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The second study, by Vandevenne et al., (2023), focused on green enterprise
architecture as a foundation for sustainable DT. This work introduced one additional
antecedent (1) economic performance, and three enablers: (1) transparency, (2) key
ecological indicators, and (3) corporate reputation. These elements were incorporated
to add dimensions related to transparency and reputational factors, broadening the
framework to emphasize ecological and economic forces.

By integrating these additional components, we ensured that our TT framework
transcended the specifics of HRO literature, addressing TT in a more diverse set of
organizational contexts. This more comprehensive approach aims to provide broader
applicability for organizations beyond HROs, capturing the complexity and the
opportunities inherent in simultaneous digital and sustainability transformations.

5.2 Theoretical contributions

This study makes two theoretical contributions. First, the HRO-specific TT frame-
work developed in Chapter 4 advances theory by contextualizing TT in safety—criti-
cal environments, adapting siloed DT and ST perspectives to high-reliability settings.
Second, the extended TT framework developed in Chapter 5.1 broadens the scope of
theorization by integrating insights from non-HRO studies, ensuring that the concep-
tualization of TT is both context-specific and generalizable.

The extended TT framework addresses a novel research gap by integrating DT
and ST. It uniquely adapts existing siloed theories to the challenges of TT in and out
of highly regulated, risk-averse environments where safety and reliability are critical
(Polékova-Kersten et al. 2023; Weick 1987). By synthesizing antecedents, enablers,
and outcomes, the framework bridges previously isolated streams of research (e.g.
Schallmo et al. 2022; Waring et al. 2023).

The comparison between our HRO-specific and extended TT frameworks high-
lights three contributions regarding similarity, distinctiveness, and absence of ante-
cedents, enablers, and outcomes. First, several enablers such as strategy execution,
data governance, and organizational resilience consistently appear across DT, ST,
and TT studies, which underscores their shared relevance. Second, our analysis iden-
tifies distinct antecedents and enablers that earlier frameworks have not considered
in depth, for example digital literacy in HROs or stakeholder alignment around sus-
tainability, which reflect the unique demands of safety—critical contexts. Third, some
anticipated elements in prior frameworks, including broad ecological indicators or
corporate reputation in sustainability-focused studies, were largely absent in the
HRO literature, which suggests contextual blind spots. By systematically integrating
shared, distinct, and missing elements, our TT frameworks clarify both the overlap
with existing theorization and the novel contributions required for high-reliability
settings.

The framework identifies several shared enablers (e.g. Lippolis et al. 2023; Lyu
& Liu 2021) while highlighting distinct factors such as digital literacy and emerging
digital roles (e.g. Ahmad et al. 2021). Novel synergies, such as establishing strate-
gic agility, reveal how enablers can manage interdependencies between the trans-
formations (e.g. Alzghaibi 2023; Lippolis et al. 2023). These findings align with
recent SME research showing that TT enablers are shaped by contextual conditions
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(Burtscher et al. 2025). In contrast to SMEs, where external ecosystems help to over-
come constraints, our analysis highlights that HROs must reconcile transformation
with stringent reliability demands, underscoring the need for a tailored framework.

Together, the HRO-specific and extended frameworks contribute to theory by clar-
ifying what distinct and shared antecedents, enablers, and outcomes must be consid-
ered across different organizational contexts. To the best of the authors’ knowledge,
this is the first study synthesizing a conceptual framework for TT in and outside
of HROs from combining literature on digital and sustainability transformations,
answering calls for research (e.g. Burinskiené & Nalivaiké, 2024; Guandalini 2022).
The existing literature in this field is focusing on either DT or ST and has proceeded
in separate research streams. By integrating these streams into one framework, the
study adds conceptual clarity and extends existing theoretical discussions. The results
from this framework for TT show consistency with previous research focusing on the
individual transformations of DT or ST with their outlined capabilities and enablers
(Konopik et al. 2022; Linnér & Wibeck 2021; Schallmo et al. 2017). In this manner,
the systematic literature review achieves its objective of contributing to the academic
discourse and enhancing decision-making processes for policymakers and managers
(Kraus et al. 2020).

5.3 Practical and managerial implications

Beyond its theoretical value, this study provides actionable guidance for practitio-
ners. The insights derived from our extended conceptual framework provide several
actionable recommendations for managers. These recommendations focus on the col-
lective assessment and development of DT and ST, acknowledging the overlapping
enablers and fostering a holistic approach to organizational change.

One of the key managerial implications is the necessity to approach both DT and
ST collectively rather than in isolation. The extended conceptual framework indicates
that most enablers are shared to both transformations, suggesting that a synchronized
strategy can enhance efficiency and coherence in achieving transformational goals.
Managers should conduct comprehensive assessments that consider the interdepen-
dencies between DT and ST, leveraging shared resources and capabilities to address
both transformation needs simultaneously. This integrated approach of applying both
DT and ST can prevent resource duplication and ensure that the organization’s stra-
tegic objectives are aligned across all transformation efforts.

Given that the extended conceptual framework identifies a substantial overlap in
the enablers required for both DT and ST, it is practical for managers to develop these
enablers collectively. The ten shared enablers should be the focal points of develop-
ment initiatives. By concentrating efforts on these shared enablers, managers can
create a unified transformation strategy that supports both digital and sustainability
goals. This not only maximizes resource utilization but also fosters a more cohesive
organizational culture geared towards comprehensive transformation.
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The reciprocal nature of DT and ST highlighted in the extended conceptual frame-
work suggests that advancements in one area can support and reinforce progress in
the other. Managers should recognize and exploit these synergies, ensuring that ini-
tiatives in DT are designed to complement and enhance sustainability efforts, and
vice versa. For instance, digital tools and data analytics can be leveraged to optimize
sustainability initiatives, while sustainability principles can guide the ethical and
responsible implementation of digital technologies. Emphasizing this reciprocity can
amplify the impact of transformation efforts, leading to more robust and sustainable
organizational change.

5.4 Limitations

The interpretation of qualitative data and thematic analysis in the literature review
process introduces an element of subjectivity. The theoretical and practical contribu-
tions of this research are subject to the limitations inherent in the chosen methodol-
ogy and the constraints of the research project (Tranfield et al. 2003).

Different researchers might interpret the same data differently, leading to varia-
tions in the identified themes and enablers. Personal bias cannot be eliminated
entirely, even with a transparent sampling and analysis process. Despite discussing
the methodology and preliminary results with fellow researchers at relevant confer-
ences, resource limitations prevented conclusive evidence (Kraus et al. 2020).

SLRs are generally regarded as providing strong evidence, however, their findings
are fundamentally shaped by the nature and scope of the available literature. One
significant limitation, stemming from the inherent constraint of the literature review
methodology, is the fragmented nature of the existing body of knowledge on DT and
ST.

Consequently, the proposed TT framework, derived from this synthesis, might
reflect these imbalances, perhaps by not fully articulating certain synergistic relation-
ships or by being skewed towards more established theoretical viewpoints present
in the literature. For instance, our analysis of the included studies revealed a notable
industry-specific focus. In the DT sample, healthcare (57%) and the energy/utilities
sector (32%) were predominant. Similarly, the ST sample showed a strong concentra-
tion in the energy/utilities sector (63%) and transportation (15%). While this reflects
the critical importance of DT and ST in these areas, this concentration means that
the insights derived, and the enablers identified in our SLR may be influenced by the
specific contexts, challenges, and operational realities of these sectors.

Furthermore, the methodological leaning towards case studies across both samples
could also introduce a bias. This emphasis might lead to a framework that prioritizes
operational and implementation aspects, potentially underemphasizing broader stra-
tegic considerations or theoretical nuances that other research methodologies might
reveal.
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Such systemic biases and concentrations within the literature could mean that our
SLR and the derived framework may not fully capture the spectrum of challenges,
failures, or contextual variations crucial for a comprehensive understanding of DT
and ST transformations across a wider array of industries or organizational types.
This, in turn, may limit both the theoretical generalizability of our framework and
its immediate managerial applicability beyond the contexts most represented in the
sample.

The selection criteria for reviewed articles also introduce limitations that affect
the SLR's outcomes and the subsequent framework. The first-level inclusion criteria,
which were based on journal rankings, led to the inclusion of articles from high-qual-
ity academic journals (Fig. 1). However, this also resulted in the exclusion of contri-
butions such as conference proceedings and articles from lower-ranked or unranked
journals. This decision, while aimed at ensuring a certain level of academic rigor,
might have inadvertently omitted valuable nascent insights, practical case studies, or
critical perspectives more frequently discussed in conference proceedings or newer
journals. As a result, the evidence base for our SLR, and thus the comprehensive-
ness of the TT framework, may be constrained, potentially missing out on cutting-
edge developments or alternative viewpoints not yet consolidated in highly ranked
publications.

Both DT and ST are dynamic and continuously evolving fields. The rapid pace of
technological advancements and the changing landscape of sustainability challenges
mean that the findings of this study and the TT framework may become less com-
prehensive or quickly outdated. Continuous updates and validations of the TT frame-
work are necessary to ensure its relevance and applicability over time. Measuring
the outcomes and impact of transformations, especially in a combined framework,
is inherently complex. The study relies on the identified enablers and antecedents to
infer the success of transformations, but quantifying these elements and their interac-
tions can be challenging. The lack of standardized metrics for assessing the success
of TT further complicates the evaluation process.

By acknowledging these limitations, the study provides a balanced view of its
contributions and sets the stage for future research to address these gaps and build
upon the initial findings.

5.5 Future research directions

The framework opens numerous avenues for future research. The novel approach of
combining these two streams of transformation presents a comprehensive view that
can significantly contribute to academic discourse.

Future transformation research should examine the development and refinement
of integrated transformation models. The TT framework provides a foundational
structure, but further empirical validation and theoretical elaboration are necessary.
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Researchers can explore how different organizations implement integrated transfor-
mation strategies, identifying best practices, challenges, and outcomes. Comparative
studies across industries and regions could shed light on the contextual factors influ-
encing the success of these models (Burinskiené & Nalivaiké, 2024). The identifica-
tion of distinct and shared enablers for DT and ST within the TT framework suggests
that further investigation into the interdependencies of these enablers is warranted.
Scholars should examine how these enablers interact and influence each other, both
positively and negatively. Longitudinal studies could track the evolution of these
interdependencies over time, providing insights into how HROs can strategically
manage and leverage them for sustained transformation.

The TT framework highlights the importance of cultural change as a critical
enabler for both DT and ST. Future research should explore the specific cultural attri-
butes that facilitate successful transformations in HROs. Studies could investigate
how different cultural dimensions such as risk aversion, innovation propensity, and
resilience affect the implementation and outcomes of transformation initiatives. This
line of inquiry can help in developing targeted interventions to foster a supportive
organizational culture. The framework suggests a reciprocal relationship between
DT and ST, where advancements in one area can support and enhance the other.
Researchers should empirically test this reciprocity, examining case studies where
digital innovations have driven sustainability outcomes and vice versa. Quantitative
studies could measure the impact of integrated transformation efforts on organiza-
tional performance, sustainability metrics, and digital maturity.

There is a need for robust metrics and evaluation frameworks to assess the success
of integrated transformation initiatives. Future research can contribute by develop-
ing and validating tools that measure the effectiveness of transformation strategies,
capturing both digital and sustainability dimensions. These metrics can help orga-
nizations benchmark their progress and identify areas for improvement. Given the
importance of regulatory guidance in HROs, future research should explore the pol-
icy and regulatory implications of integrated transformations. Studies could investi-
gate how existing regulations facilitate or hinder the integration of DT and ST, and
what changes are necessary to support holistic transformation efforts. Engaging with
policymakers to translate research findings into actionable policy recommendations
could enhance the practical impact of academic work.

Finally, future research should consider the broader impact of integrated transfor-
mations on various stakeholders, including employees, customers, suppliers, and the
community. Qualitative studies could capture stakeholder perceptions and experi-
ences, providing a nuanced understanding of the benefits and challenges associated
with TT in HROs. This can inform strategies to enhance stakeholder engagement and
support throughout the transformation process.
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In summary, the conceptual TT framework and its extension offers a rich founda-
tion for future research. By exploring these implications, scholars can contribute to
a deeper understanding of how HROs and other types of organizations can success-
fully navigate the complexities of DT and ST, ultimately advancing both theory and
practice in this evolving field.

6 Conclusion

Following the research question “What are distinct and shared antecedents, enablers,
and outcomes for digital and sustainability transformations and their integration as
twin transformations in HROs?”, this study conducted a SLR to identify and develop
a conceptual framework. We found that the simultaneous adoption of DT and ST
is crucial for balancing operational efficiency, sustainability goals, and maintain-
ing reliability standards. Our integrative framework consolidates distinct and shared
antecedents, enablers, and outcomes for DT, ST, and TT, offering a structured under-
standing to guide HROs through the complexities of concurrent transformations.

To broaden the applicability of the conceptual framework beyond HROs, we
adopted a comparative approach by synthesizing findings from previous non-HRO
studies together with our initial framework to develop an extended conceptual frame-
work. This resulted in an extended TT framework, contributing to a more holistic
understanding.

This research offers valuable insights. For practitioners, it underscores the impor-
tance of integrated TT strategies focusing on shared enablers and synergies to
optimize resources and enhance resilience. Academically, it provides a novel TT syn-
thesis, bridging distinct research streams and proposing future inquiry into empiri-
cal validation of the frameworks, longitudinal studies, and the interplay of enablers
and context. Key recommendations are also offered for policymakers. As regulatory
frameworks are primary drivers in HROs, clear, consistent mandates are needed
to manage complexity (e.g., harmonizing environmental regulations, streamlining
approvals). Targeted financial incentives and supportive legislation are crucial for
HROs to overcome TT adoption costs and risks. The implementation of robust data
governance, skills programs for digital and sustainability literacy, and collaborative
research and development will also be pivotal for advancing the TT agenda.

Providing a foundational conceptualization for navigating TT, this research,
through its comprehensive analysis of critical factors in HROs and beyond, offers a
robust foundation for practitioners, scholars, and policymakers working collabora-
tively towards a resilient, sustainable, and digitally transformed future.
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Appendix

See Tables 3, 4, 5.

Table 3 Journal overview

Journal Name Paper ABS/AJG- JCR-
Count Ranking Rank-
(2024) ing
(2025)
Technovation 11 1341 3 10.9
Sustainability 9 1098 #NV 33
Technological forecasting and social change 8 9.76 3 133
Energy policy 7 854 2 9.2
Environmental innovation and societal transitions 3 3.66 #NV 6.1
Business process management journal 2 244 2 5.8
Energies 2 244  #NV 32
Energy economics 2 244 3 14.2
International journal of innovation management 2 244 2 1.2
Journal of cleaner production 2 244 1 10.0
Journal of decision systems 2 244 1 43
Journal of health services research & policy 2 244  #NV 2.7
Journal of management information systems 2 244 4 6.2
MIS quarterly executive 2 244 2 2.9
Technology in society 2 244 2 12.5
Applied energy 1 122 #NV 11.0
Business strategy and the environment 1 122 3 133
California management review 1 122 3 7.3
Decision support systems 1 122 3 6.8
Digital health 1 122 #NV 33
European journal of information systems 1 122 4 8.6
Frontiers in public health 1 122 #NV 34
Healthcare 1 122 #NV 2.7
Information systems frontiers 1 122 3 8.3
Information systems journal 1 122 4 6.3
International journal of production research 1 122 3 7.3
Jmir public health and surveillance 1 122 #NV 39
Journal of business research 1 122 3 9.8
Journal of computer information systems 1 122 2 4.2
Journal of Environmental Policy & Planning 1 122 #NV 22
Journal of Innovation and Knowledge 1 122 1 15,5
Journal Of medical internet research 1 122 #NV 6.0
Journal Of organizational change management 1 122 2 2.7
Journal of strategic information systems 1 122 4 11.8
Managerial and decision economics 1 122 2 2.7
Policy sciences 1 122 1 3.7
Review of European comparative & international Environ- 1 122 #NV 23
mental law
Transportation research part D-transport and environment 1 122 #NV 7.7
Utilities policy 1 122 1 44
Total 82 100.00

@ Springer



N. Kleinschmidt et al.

Sururen

dyenbopeur pue 1oddns [Bo1UY99) J00d WO} SWIA)S 9OUBISISAI IS
syo0foxd YHY

97e0s-931e] [NJSSA00NS 10J [RIONID A1k J10ddns [eoruyod) pue Sururery
$9s59901d pauyop

Apmys aAnyeyI[END
B RIqRIy Ipnes ul

SOIUR)) dIBOYI[BOH

Arewliq ur uoney

-13)J9q pUE UOIIRI[NSUOD JOPp[oydye)s saziseyduwo ued parnjonns mau y Apmys ase) -uowerdwt sYHg
yoddns pue a1y AAneend) 9[eos-o31e[ Jo U)eaH d1qnd
-OnISeIJul JO Y[ JO asnedaq A[snoraald pajrey uoneyusw(dw JYHA [eotndwyg  SMOIAIU] L] €70T UOIRUIEXD UY Josmnuoly VH ‘Iqreysziy
SI07BOIPUI I[BaY
Trensip £0100g V ‘uerun|y
SWISAS JuowoTe 7 ‘Imenfery
sadKy -UBJA\] PUE UOIjeW ] ‘essIy ‘g
ANTI9B] 2IBJY)[BAY UAIMIQ T, Ul 9OUISYIP JUBOYIUFIS OU ST 21|, 189 1] -10Ju] 2IedyI[eaH ‘urey ¢y ‘A1e
uorsuowrp pajuowodur 1Sea] o) Sem SoNA[eur 9ANOIPAId  -TEAN—TENSNIY] Sursn ssAJeue -Jeelly vy ‘Tu
suorsuawip 159) [BUOT)035-SS0I0 Y/ -Ipewnqy ‘Ng
[T Suowe 91095 1SaYSIY Y} Pey UOISUIWIP I0I0JIOM PUB IUBUIIAOL  ASWIIY A\ —UUBIA[ ‘BIQRIY IpNES ul ‘TURIYRZ-[V ‘S
sauo d1qnd 03 paredwod ssauIpear uon dAnemuend) SN[ UOIBULIOJSUuRL) ‘Qremniy ‘N
-BULIOJSURI) (3[BAY [BUSIP Ul JYSIY PaIods SIANIIOR] dIBIYI[LAY AJBALI] reondwyg  aredyyeay 0] 70T qreay [ensiq yIedy [ensdiq ‘TuRyRy-1v
s[endsoy ur suonnjos
1ensip s, dmueys oy Jo uondope oy peyoedwr Ajoanisod 61-AIAOD
saroeIoneaIng [eydsoy
jeSiaeu 0 S[Is A10je[n3a1 pue [euonje[al dojoaap isnw sdnyaelg UOI)BI0-09
suonn[os I3y} AUyl uopeAOUUI [BUOT) S ‘uossIopuy
PpuE 90uB)SISAI dW0019A0 sdmae)s sdjoy speyrdsoy yjm uoreso-o) Apmys ase) sreydsoy -BUIUI U. UT oSuey) [ero0g ‘OA NX ‘N
AI1IND3S JNOQR SUIIOUOD puL aAnE)IEn) L1 ym ooue)sisal [eydsoy  pue Sunsesaroy ‘usurereyy1d
$90IN0SAI [BUISIUT JO JIB[ AQ USALIP SI UOIJBAOUUI 0] 90UR)SISAT [e)IdSOH Teotndwyg Apmis ase)  €70T SunuooreAQ [ed13010uyda], o ‘suay
Ld aydung
anbruyoa],
POURN
sSurpur Aoy K108918)  ozig ojdwieg  IBOX QML S[oNIY [eumop sioyny

Mo1AIoAO J[dwes § d|qel

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

2185 2A01dwil pue Ajureloun sjpuey

0] JUSWAFRURT JSLI [}IM S[00] USALIP-BIRP 91BIZIUI P[NOYS SIOTRURIA
'$109]J0 JUBOYIUTIS MOYS JOU OP JUIUNLI) PUB JUSWSSISSE YSTY "UI|
Ayrenb—sonAeue o) ojerpow pue Ajijenb 951A10s 9oURYUD A[JUBOYIUTIS

(WAS-S1d)
Surjopo
uonenby [emy
-onng sarenbg
1se9] [enIed

juowdgeURW YSLI
Jo o101 Sunerpow
A, :1X1U00
ueI[e)] AU} UI SIOTA
-13S 2IBOYI[BAY

Jo Ayipenb oy
Suraoxdur ur

o ‘ouni3a[od
‘N ‘oqperuueg

SurI0jTUOW YSII PUE UOTROYNUIPT JSIY "JUSWT LU JSLI YSnoIy) aanepuend)  speuorssajord sonAJeue ejep ‘N ‘eIeuoqie))
pue Appoaxip Kyijenb oo1a10s oreoyyreay saaoxdwr sonAeue eyep Sig reondwy  oreoyedy €41 20T 31q Jo o[o1 9y, UOIIBAOUYI]], 1 ‘oniseg
QIBJY)[EY UI SOWO0IINO [BIOUBUY PUB FULBW-UOISIOP Suryew-uoIsIoap
aaoxdwr Appuedyrugis ued [opouwr UALIp-eyep ) jo uonesijdde 1opim v [eomuryo 310ddns
s3uraes 1S09 03 yoeoidde
pue uoneziundo 90IN0SaI 19139q 0 SPed] d1edyi[eay ur uondope [g UJALIP-BIEP B JO
sjuanjed pajeinu-y Y 10J SIUOUISSISSE uonezimn ay [, :An N ‘ofjoruued
1509 Aemyjed JusUIILAI) 91RINOOE AIOUI UT S}[NSAT [OPOW USALIP-BIEP ST, Apmys ase) suonmnsur -Snpur 21e0y)[eaY| o ‘ouni3a[od
$)S00 Sunewss UT S[PPOU paseq aAnENEen)  { SSOIOR BlEp o) ur 20udsy N ‘eIeuoqie)
-ooudnadxa wiogradino (SSQ) swaIsAS 1oddng uorsioo uaALp-e1eg reondwyg  siuwened 667z €70C -[our ssaursng UOTIBAOUYIIL, 7 ‘oniseg
JUSWIFRUBT USS
-u09 juaned 10 UOIIN[OS PIZITENUIIOP AINIAS & sapiaoid ureyosoorg
BIEp ey
119y} 19A0 Awouoine jusned JIwI] SWoIsASs JuUdWSeur JUIsu0d P[0 sa8ueyoX? UOn
ureyoyo0[q y3noyy [oIeasay -BULIOJUT [)[8aY Ul
pasoxduwr st SOFUBYOXS UOTIRULIOJUI (I[BAY U9aMIaq A[Iqerodoraju]  90uaIdg udisaqg JUSWAFRUBU-J [0S
JUaSU0d JAneuend) syuedionied JUISUOD IOJ UOTJRA swaIsAg 1od
e1ep yieay Surdeuew-J1as 1o dde paseq-ureyoyoo[q e 19Jo1d sjuoned Teotndwyg AoAIns 007 €70T  -Ouul Ureydyoo[g -dng uors1o9q D ‘uosiopuy
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

10}J03S UON)BOIUNTU

UOIBULIOJSURI) SSaUISNQ 10J O] pue e1ep 3iq (v1D) -WO099[9) Ul doUBW
U0 SNO0J 0} SWLIY WO0JI[3} 9sauly)) 10J padu oy} SISy Apnys oy, SISAJeue 10J0B} -10312d 01391818
oouewioy1od o130)enS A107RULIGUOD 10} suoneorjdur Z ‘Ye[in
Srerpaw AJjuedyIusIs Jou S90p uoneziunnol sanifiqedes ureyoyoorg pue (INAS) :soniiqedes ureyo VI ‘ieely
so[qetiea juapuadap pue juopuadopur uoamiaq  SUI[[OPOJA UON -)90[q pue 10] Y ey
SI0JRIPIW JUBOYIUSIS sk 108 sanijiqedes 10] pue sonAeue ejep S1g -enbg [ermonng ‘ejep S1q ySnoayy [ewmnor {7V Tewey]
doueuiojrad JAneuend) KoaIns wioiy 1Ld ssauisnq JuowdSeURIA ‘H SIeN
o1391e1s 10edwr AjoAnisod sousjeduwios [es13ojouydd) pue Ajjenb ejeq [eondwyg  sosuodsal ¢p¢  120T PIpIsu -YONJA  $S901J SsauIsng Y ‘meyg
pue[3ug ur
uoneziuesio ared
uonejuawd[dur Ieay e Jo Apmys
LI ur sojox jounsip Aejd sp1e33e| pue ‘S19y01q ‘S9JBIOAPE UOIJBAOUU] 9Sed AU I, :uoneAOU
wisieLogeuRW -ur s)1 ur so130]
pue WSITEUOISSayoId [IIPAW [IIM JOTFUOD SOISO] [RUOMIT)SU] reuonmnsur oydn
uoneaouur JJ jo uondope oy 1apury o djoy sannuapt puqAH Apmys ase) -[NW JO PLOISSOId
uoneAouUl JAneend) o 18 AIuapt [ewnor swo) A ‘AypIomxy
LI ut so130] [euonmusur aydnnu 2)e1Aeu s1ogeue [eIIUID [eoundwyg  SMIIAINU] 9]  (gOC ,SIoSeuew [eoIUI) -SAS UOTBUWLIONU] o ‘ipreurdg
yoeoxdde
(S1d) soxenbs
jseo] [ented
WOJSAS 2IBOYI[BAY JUSI[ISAT B 1M [9pow
& 3uL1)soy “orwapued ay Junmp [enudssd pasoid uoneynsuodRL  (ZLNV.LN) A30 sjo119q Sunsnn
9oue)doode Uo1R)NSU0II[3) U0 -[ouyaay, pue doueydoode
joedwn JueoyIUSIS ou Pey SUONIPUOd JUTEII[IOR] PUE ADUSNJUI [BIO0S Jo as() pue UOT}B)[NSU0D[) J ‘ouoAenydg
UOIIB)[NSU0D[A) SN 0} SUOHUAJUI [RIOIABYDq  9oue)daody Jo SIUANEJ OTWP A ‘Buey)
douongur Appueoyrudis Aouejoadxa 10 pue Aoueidadxo douewlIojrod K109y [, payrun KoAains -ued 61-AIAOD ) Ty (o
Qoueydoode aapeuend)  wolj sasuods oy Surmp a1ed “BAQ)RIPUO]
UONe)NSU093[d) JO s10301pard Ao a1e AdBOTJa-J[os pue sjarfoq Sunsniy, Teotndwyg -1¢€7l €70T -yieay Jo 1 UOTIBAOUYDIIT, ‘d ‘1o1pneg
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

1 10j ssaulpeal

M digsuone[ar JueoyruSIs ou MOYS SIOINOSAI OINJONISLIJUl pue )] M
1L 10J ssauipeax uornewLIojsuLI) B} ‘Dsmownzs
Jo sjuauoduIod [eONLID I8 JOUBUIAOS PUR 2INJ[NO [BUONBZIUBTIO NAS -131p J1OJ SSouIpeal ‘esmalozIaTN
Josu Apmys Jo ojo1 oy, ‘sotued S BYSMIBIN
1.d uo AJ39211p Jou Ing (] 10J SSOUIPLAI QJUINJUI SJINOSAI UBWNY ~ PIseq-AdAINg -w0J 10309s A10Ud S WIJAD
ssourpeal [ £q PojeIpawu 10399s AS1oud aAneIIUERNQ) soruedurod ur L UO S30IN0SaI Kye1008 v ‘ereqnyy
oy ur [, yoedwr Apueoyrusis $90In0sal [eloueul pue [eo130[ouyod], reoundwig A310U9 011 €20T Jojoedwr oy, ur A3o[ouyoq],  -eYSMOoN[IMYD
sosudioyuo
Suruooi3 pue uoneznidip Sunjurl ‘98ueyd  sisA[eue uonelp  (zz0Z—0107) Sunnjjod-Aaeay
ojewr[o 03 A391ens uoneidepe ue se SOAISS uonewIojsues) [e)SIg  -ow ‘uolssarfar  sosudiojue Sur asaury) woxy
‘SJuTENSUOd SUTouRUy SUIoR] SULI PUE ‘SULIY POUMO-0)e)S-TUOU ‘SILT) [oued syoopge  -npjod-Aaeoy QOUPIAY (UOT)
-snpur A31ou9-yS1y ur 103uoxns st joedl oy [, "UOIIROYISIOAIP PISBIIUL paxy [en woj suon -euLIojsuer) [e)SIp o3uey) [er0os
PUB JUSUIISIAUT JSSE PaXY paonpal ysnoayy sayerado 309Ja 9 [, "uonew aAnenuen()  -BAIISQO JBAK QALIP JSLI 9JeWI[O  puB SUI)SEII0] AO Sueyz
-10Jsuen) [e3131p sajowoxd Appuedyrugis s djewl]o 9je10diod 1oyJiy [eotndwyg -WY GGET ST0T 9re10d109 uR) [es13010uyo3], A\ ‘uay)
saAnenIUl 1 Suturesns 10y [e1onio si J1oddns juswageurw Io1uag
Kyayes [euonerado
pue AouaIo1jJo-1509 saAoIdwr Juowdo[oAadp a1emiyos X S.J[OUS juowdojorag
syuounedap Apmys ase) a1eMmyos A1 Sur
LI uo doueIa1 9onpa1 pue Ajide doueyud suiojie[d 9poo-ou/apod-mo] dAneEend) -ysiqeisg Aq 1 QAIINDAXY N IoyeN
1 2A1p 03 saakordwd [joyg s1omoduwd juawdo[oAdp uaznip [eorndwyg  SMOIAIUL 8]  €70C PO[Iond [[YS moH  Apanend) SIA N ‘TIo1e)
PaYsIqelsa st syuaned pue
suerdIsAyd uaamiaq IsnI) udyMm [ewuIw st A0[0uyd) 0} OUBISISTY
s1o11req o1yder3oes SuispLq
‘soLIIUN0o PIdOOAIP SSI] UI IBD 0] SO SIUBYUS SUIIIPIW[], yoeoxdde Apmys
$S990NS QUIOIPIWA[) 10 [RIONID oses ojdnnu e d ‘eipue[e)
d1e SUONIPUOd SUnEIIoB] pue SN AYI| S10J0e] doue)dedoe AZo[ouydd], Apmys ase) Sursn soAnoadsiod S ‘erSosien
joeduur [e100s pue aAnE)En) [eLdGeURIA 21NNy ‘S ‘oIeuroag
93ueyoXa 9Fpapmour| Jo sa0UALIdXa SNONLITA $3}0W0Id SUIOIPAWIA[I], Teotndwyg V/N €70C Y} 103 YIreay-g uoneAOUYIR,  ‘J ‘Quoourlg
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

UOT)BULIOJSUE)

[en31p 19ypIng s90S19pun 103035 AJ10L1)0J[0 Ay se uondope [y Ay v oy MeT
-IoMmisn1) SuLInsud J0J saSud[[eyd earo Aew uonerndar ur ded siy [, JO SSUIOdIOYS  [BJUSWIUOIIAUY
101095 AJ1911103[9 A} (yoreasar pue 20UBOYIUSIS  [BUOIIBUISIU] 29
Jo uoneuojsuen) [e}ISIp Ay Ojul pAjeIZNUI FuIdq APUSLIND SW)ISAS Teoundwa jou : suonisuern saneredwo) A ‘UBULIOON
IV Auew uo joedwr £10)e[n3o1 J021Ip PAYIWI] 9ARY [[IM Ty Jo uondope ‘sisA[eue [e39) urmj, oy ur ueadoing ‘g ‘zovidy
pue juowdojorap 9[qisuodsar ayy 9pIng 03 papuoul VY [V S,NH YL  SisA[euy [e3oT ojqeoridde1oN  +20T Tv Sunendoy JO MAIADY esourdsg
aandepe pue JuaI[Isal
QIOW SUONBZIUBSIO 2IBOYI[BAY SUlyeuw ‘[ PaIeIa[aode orwapued oy,
1d 031 seyoeoxdde
Suirea SuIMOYS ‘SNOSUST0IN)AY e 2IRIYI[BIY UI SIIFYenS uoneAouu] IoSeuew [eIOUST
samssaxd [euonmusul 3urssaIppe Y} Jo 901 YL,
pue o3ueyo [e)1S1p Surpes] ur 9[o1 [eronid e Aejd s1oSeuew [BIOUSD) Apnys ose) 10IBOY)[BY UI UOT}
orwopued-jsod dAneend) -No3xXd [ (I pue A3 d ‘menasig
A[reroadss ‘a1eotI[EAY UT UOTIBAOUUI JO IOALIP AOY B SB SAAIdS [ [eomndwrg  SMOIAIUI G]  €70C  -JeXs uorjeAouu] UOIJBAOUTIQ], S ‘Te[odIudq
SJISIA 9IS pue
sisA[eue juown
WSIUBYOAW UALIP-SuUIpuny e se s[eydsoy] yoIeasal ur 9OUBUIdA0S -00p 4 SIIMIIA srejdsoy yoreasax
PLIQAY SeoNpONUI APMIS Y], "9IUSI[ISAI IO S90IN0SAI Arejuawo[dwoo -I9)UI [BULIOJ pue ojeand ‘orqnd
urejurews sye3idsoy [y "S91329)eI)s WISAS093 PuUB ‘s1F0] SOUBUIIAOT L “(pa1uaLio sso1oe uostredwod
‘S9IMoNIS [RIOURUL JOUnSIP )99l yoeoidde yoey -ooueuIono3 pLqAy -[0IBISAI ‘O)eA © [UONBUWLIOJSURT)
jdope syendsoy yo1easar pue ‘Furdinos [euro)xs oziseydwo syeyrdsoy Apmys ase) -ud ‘orqnd) [enSip a1eoyleay DV Yuel
yearrd ‘yuowrdooAdp [eurdjur uo AJa1 syeydsoy orjqnd :sfopouwr ssauisng dAneyend)  [izeig ui s[e) ul 9010 {AVINT
1oy} uo Jurpuadop A[JUSIOPIP $90IN0SaI [eNSIp d3euew sjendsoy [eondwyg  -1dsoy a8re[ ¢ Sz0T Sunmyonng UOI)BAOUYI], ‘L1a110D)
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

UOTJRULIOJSURI] 9IBOYI[BIY Vv ‘Aurem
ur AyiSennue 10§ [eudsso st A3oyens A1nods dAIsuayaIdwos -seuuny) ‘g
Q0uUDIISaI UONBULIOJSURI) ‘0IB)-ZUIIRIN
[enSip areoyyeay 10y [eronid st ureyo Aiddns ayy ur oouspuadopidju]  Surjjopouwr uon [enS1p pue AJLINds ‘dIN ‘sofes
S0B)BIAQAD 0) AJI[IqRISUINA S 10J09S O} ASBAIOUI SHOYS [ -enba [eimonng 10gAD) :SwoIsAs D[ ‘olreABN
SSOUQIEME YSII pUe aAneIIURNQ) syuedronied QIedT)ESY UL -eme3o)) 'y
93pa[mouy| A1In09s10qA0 AQ pasuanJul ST JOUSIISAT WAISAS dIe)[edH reoundwg KoAaIns 66  €20C QOUDIISY UOIJBAOUYD]],  ‘ZAI9J-BIdIED)
SMITAIIT
SOJIH 2ouanyur K10jeuerdxyg
A[3uons uonBULIOJUI YI[eAY JO ANANISUDS pue dIYSIoUMO PIAIIIJ D ued Apnmig SpOyIoIN
109]J9 POXIW AIOUI B SBY SIOPUIA KoaIns aAnE) PIXIIA Y (UISJU0D)
ASojouyo9) ur 3sn1 oYM ‘sOJIH Seonpar sjeuorssajord yijeay urjsni]  -nuen) g ued SMOIAIU] KoeAlld uon
SDJIH dsea1oul  smaraml A10je  A1ojerojdxyqg 9 -BuLIOJU] (I[BOH
Apueoyrugis soousnadxa uorseaur Aoeand yyreay Joud pue 93y -101dxg 1y Hued  ‘syuedionied 0} SJUAPIAUY Y}
SWOISAS SYHH SN 0) SUONUAUI  SPOYIAN PIXIIA Kaamg ¢4 Jo Surpuejsiapun SIONUOI,] SWd) 1L
10MOT 0} Ped] (SDJIH) SUIdou0d AdeAlid UOT)RULIOFUT [)[ed] JOYSTH [eomndwrg  ‘SMOIAIUL 6T [70T Ue PIEMO], -SAS UOIJBUIIOJU]  ‘SOUIE[ ‘D) ‘X0
s[eod ssaursnq Joy) yum
pausi[e A391e1)s UONRULIOSURT) JUAIAY0S & dO[9Ap 01 9[33NH)S SULIT|
S[00) J139)e1)S suy sed
Pasn Jsow oY) 1B YN PUR ‘SUIp[INg 2INJUIA ‘UolBAOUUI ITY 29 [10 ueadoing jo [ ‘sidoyg ir
S110JJ9 UOTBWLIOJSUET) Apmys ase) 9seo oy, :uonew  d3uey)) [BIOOS  ‘00SBO) Y ‘Z9]
JO SSOUQAIOQY? A1) IapUIY SAI39)eNS [BAWIId pue 20URUIIA0T 1004 aAnE)En) -lojsuen) oje1odiod  pue Sunsedsaro]  -ezuon [ ‘[ep
9[e0s-031e] URY) JoYIL] [BJUSTUAIOUI PUB }SIPOW ST SULIY S 79 [10 Ul [ [eotndwyg  SMAIAIU] 97 70T  Pue uoneziensiq [ed130[0UYI],  -TA-ZOPUBUIO]
anbruyoa],
POURN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

1A [nJssa9ons 10§
SO[0E)SqO Urel ) d1e SoSUS[[eyd [EOIUYOd) puk dSUBYD 0} OJUE)SISIY

Kouaroygo [euonerddo pue juowose V ‘enIoyay
-uew o1]0j310d paduBUS SONATEUR USALIP-[Y PUE UOIIBZI[RULIOU B)e(] -01opnosT ‘g
uoneIdudd oo pue suonodford Apmg ‘zonbsep
oo1xd o1 s9s59001d SUIyEW-UOISIOAP 10J dwun) paonpar uuoprerd oy, Apmys ase) 9SB)) URIqUIO[O)) ‘ouopuoI-030
Suipern AS1oud aAneTend) v :soruedwo) -IN ‘d ‘enoy
paziumdo pue juswodeuew ysu pasoidur eiquio[o) SV 1 1A [eondwryg V/N 1202 A310ug Jo 1 saIroug e[ ‘S ‘oprein
SPa9U JosN M
A3ojouyoa} uSie suoneziuedio djoy sonijiqedes Juizios pue Juisuog
SuONEZIUL3IO 918D
-)[eaY 0] [e1ONID dre saniiqeded uoneINSyuoodl pue uoneIAIUI J | N ‘PIeyIeD
uoneaId Apns ose) uonear) SwoISAS Uon  ‘H “IPUBP[OA
an[eA JO SIALIP A3 are Judwdde3ud juoned pue UONBUIPIOOD dIe) dAneEend) aAn[eA uo sy3isug -euntojup Joynd g N ‘ueyoq
suonisodoid anjea mou s19)s0J pue UONEBId onjea Junsixd spoddns 1 q [eoundwyg  SMIIAIN] 6] €707 :OIeOy)edH Ul [ -WO) JO [euInof &3 ‘ysoyn
UONBWLIOJSURI)
uoneaouul pue ddueunioyiad jeydsoy [ensip ay) uo
pasoxdur 0y spea| spoye uonejiojdxs pue uonero[dxas Suruiquio) a8e10A9] 03 syped
uonezni3Ip AN Areyudwordwod
-BX)SIUTWIPE URY) S)|NSAI JYSIY SP[AIA SUTBWOP [BIIUI]d Ul uoneznisiq 221y ], :21e0Y)[BAY V ‘oL10)s1d
sonATeue y3noiyy Suryew-uoIsioop aAandnisip Apmys ase) ur xopered uone} [eunop SN ‘0S10D)
pue ‘uoneidajur ssaoo1d ‘uonezniSip josse :padiows syyed oaIy [, aAne)end) -1ojdxa—uonerord JuswoFeue ‘dd ‘orddy
sreyidsoy ur sanrAnoe dAneno[dxo pue A1ojero[dxa saoueeq 1 reotndwyg  SMAIAIU] 0]  8T0C  -X° 9yl SuiSeur]y $S90014 ssaulsng 7 “IpIeISen
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

poyow rydje( Apmig

aAnEIUERN) SPOYISIN PAXIA

93pajmoury 1radxo usjeary) :g wed :o1qn{ 9y pue
pue uonoeIdiul [euostod 2onpa1 Aew uoneZNISIP Jey) 18dJ SUBIOISAYJ K100} syodxyq Suowry d ‘ouyoog
Teondays are suerorsAyd jnq ‘quowr papunoin WOISAS d18D) ‘H ‘[ogeniL
-1omoduwo jusrjed pue Sur0)IUOW-J[OS AOULYUD 0) UIS ST UONLZNITIJ aAneNENQ) )9l UBWLIDN) 3T} ‘O ‘[osuoH
syyoudq [enuajod s yieay [ensip Y Med syuedronred JO uoneULIOJSUBI], ‘L ‘DIZIIPUOIN
Surpae3ar wistundo 10w 9jeNSUOWSP SIOPIA0I IIAISS PUR SJUANEJ SPOYIdN KoaIns ¢€¢/, pue uoneznisiq doue[[IPAING  (Jf ‘SI[UF ‘A
sdnoi3 POXIN pue SMIIA Surssar3o1g oy pue yyeay ‘UURWLLIOH
19430 01 paredwod UONRZHISIP 0] SIURISISAI ISOW Y} MOYS SUBIIISAYJ Teotndwyg -1 17 610T Jo uondaorog anqnd AN Y ‘uasueq

s3uras o1ed ur |00}
[en31p Jo uoneISojuI [NISS900NS 10 [eoNLI0 d1e uoneydepe pue 1oddng

UOTIBULIOJSURT) QIeD [B100S [BNTIP
[en3ip paurejsns Jo sawodno aanisod Sunsadsns ‘syurejdwos yjeay Koains ur yyeay 2240jdwo q ‘uuewsyo
IOMJJ PUB SUONIPUOD FUINIOM 1919q [IIM SIJB[ALI0D 9sn [B)ISIP YSIH  [BUOIOIS-SSOID) pue suonIpuod Jut 9Zpoimouy  ip 1RSUL[YOS
uonezIZIp WGALP-AIAOD aApeIUEN MO Y1y [eN3Ip 29 uoneAoUU] A OIQUIIIOf
9)1dsop pajrwl] surewal 21ed [e190s Ul uondope Jurasunod auruQ Teorndwyg $20T oy} SunediaeN Jo[ewmor g ‘1esse3nun
D ‘sistey)
‘L ‘stewern
‘suajog ‘NV
‘SISRUOISLIY))
‘d ‘noS1033
Kouaroygo -orefed SN
[euonesado pue uondejsyes 1wWoIsnd daoxdwr TN pue sjoqiey) ‘stuueI3orejoy|
suondnisip 901AI0S <] ‘sisyewesn
PUE SUOTIOUNJ[EW dIEMPIRY SIINPAI [y SUISN OUBUIUTRUT JATIOIPAI] donpoerd -sornodojosIN
SW099[3) Ul SWod9[o) e ¢y ‘sornod
ur uonydope [y 10} soFud[[eyo [eonto are Aoeald pue Kjjenb ereq Apmys ase) uonejiojdxo eyep -031eSIN
SIOIAIDS aAnE)En) oy ;v Suisn SW9ISAS UOIS ‘S{RI0ISON
IoWOISNO PUB JUIWSRUBW JI0MIoU 9ZIWNdo 0] SW0II[3) SA[QRUD [V Teotndwyg V/N €207 Moddns uoiso  -199( JO [euInof VD ‘sIzIn

anbruyoa],
POYISIN

s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

S}I0JJ2 UOTJBAOU
-ur [e)SIp 109 J® By} SUOISUQ) JUSI[LS PUR JUAJR] PAYNUIPI SAOYSYIOA
SouNOI PaIN)oNLs YSnoIy)

Kyrayxopiquie [ensip aad1yoe suoneziuedio djoy soonoeid Surouejeg
SOATIRIIIUI [RUSIP UI SUOISUD)

91010 spaau arng pue ‘quasald ‘ysed usomioq spuewap Suredwo)
S[QAQ] [RUOT)

-8ZIUBSI0 SSOId8 SMAIA JudSIoAIp JuiSeuew saxnbar 1, Surouereg

Surioyuow pue Furyors I0j s[00}

[eNSIp YIIM JUSIOYJD dI0W SI INI[ND AJ9Jes ul Judwadeuew duey))
S[oUURYO UOHBITUNTU

-WoJ [eNFIP WOLJ SIYIUIq SUOISSNISIP AJ9JES UT JUSTUIAJOAUT ddK0[dwuyg
suonn|os [eysp

Y3noIy) paoueyua SI SYSLI PU. $9559901d [8o1I1I0—K19JeS JO SULIOJUOA
sassadoxd

Kjoyes ojur s[oo} [e)IS1p Suneidur Aq amyno Ajofes soaoxdwr [ q
sjuaned pue s1op1aoid areoy)eay Suowe ooue)

-SISQI [[BISAO 0) 2INQLIIUOD SIdLLIEq ORI PUE ‘UONIPET) ‘AoRIIJo-J[oS
suoneordde yireay

sydLosuen
doysyropm
sisA[eue
uoIssaISY
SPOWISIN POXIA
[eotndwyg
oIB9S2I
aAneuenb
paseq-AdAIns
)M PauIquIod
spoou

10150/ 1 Med
(dHV) $590
-014 Aydrerdiyq
onkfeuy 'y ued
SPOWISIN PXIA
[eondwyg

UoII9[[0J BIep
paseq-Aesso

SOALENIU]
UONBULIOJSUBL],
QIBOYI[EOH UL
spuewo Sur
-yodwo)) pue
9ouadIoAl( Sul
-Amuap] K119}
-XepIquiy [ensiq
103 sooedg Sur

syuedionaed
doysyiom 97
pue syuopuods

-1 AoAIns /€] ZgOT — -oueleg Sunear)
UOIjRULIOJSURI],

[ensSiq ysnory

(SOYH) suoneziu

payedionaed -e310 A[iqeroy
suoneziu -y31H jo axmyn)
-e810 87 10T Aoyes oy Surdeys
{$I0SN-pud

Aq suoryeaouur
UQALIP-A30[0UTo9)

I ‘S10gs10]

juowdgeury ¢ ‘310q1opos
uoneAouu] Y ‘UOSS[OXY
Jorewmor ] ‘ueys ‘qd
[euoneuIdu] ‘uossueyof
V ‘PIsyorqef

soidouyg N ‘DIsuojqer

oriqowr ynm Aprenonaed ‘sioLireq 90I1nosal pue Ajijiqesn 90 sjudned papuo-uado Jo 93esn ponunuod N ‘we[s|
uondope 1opury ‘suoneiwl] Y3noly) sisA[eue pue uondope ‘S ‘remie],
[ermonnseqyur pue uondsoiad 1eaxy) Surpn[our ‘sIoLLIBq [BUOTIRZIUBSIO) JUIIUOD) Surpaduur st d ‘weygoey
SIoLLIRq WO)SAS pue ‘oreoyuoned ‘pajelor aAne)end) JRYA\ 101038 [OIB3say Ssou d ‘mey]
-3[S} WOIJ SWA)S SUOIBAOUUT [I[BAY [BIIFIP 0] 90UB)SISAI JoSn-pug [eotndwyg  SMOIAINU] G 7ZOT  QIBOYIBdY JO I  -Isng JO [ewInof ‘S ‘euuRA]
anbruyoa],
POURN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

pringer

As

SaIn[reJ Wo)sAs
Sunuoaaid pue sySLI USPPIY unoOP 10 [BIONID ST 9OUBIAOS BIR(

2Insodxa YSLI O1WA)SAS SBAIOUL sa13ojoutd9) D ‘UuBWNAN
uoneISAUI WIYSAS AJI011309[0 [RUOISI-1UI pue SuI[dnod 10J098 [ensip jo renuajod SN QUIdH ‘D
93ueyox? BIEp 199q SuLnnbal Ay uo aAnoadsiod ‘uadpLg SN
‘sorouopuadopidjur pue A)rxo[duIod 9SeaIoul SWAISAS PAZITeNUIN Apmg ase) V SWAIsAs A1 ‘IyezZ[oqrom
SYSLI OTIR)SAS 9)eSnIu aAnE)ENQ) -0L13097 Ul ‘[ arowppag
ued 109} Juroueyuo-AoeaLid pue ureyoso0[q 1] sAISo[ouyo9) [eNSIq reomdwyg  SMIIAIUL 6 TZ0T SY[SLI OTWAISAS Korjod AS1oug SN “TouIQy]
[enuasse are sassado1d pazipiepuess pue Jroddns umop-doy $s9001d Juowdo
ng ‘suorieAouul paseq-onjea Suneniur ur 901 Aoy e Aed suerorui) -19A9p Anpiqedes
uoneuawa[dwr DHGA Ul S[A] OIdBW pue oIoTw Jur SIureuAp [9A9]
-uI] 10J [B1onId ST (sjuduniedop) [9AS[-0SaW aY) Je dNFO[RIP dAIONPOIJ -[j[nuW © Sk uot)
uonezIuesIo oyj pue ‘Swes) ‘S[enpIAIpuI udom}aq Juswugife Suurnbax -ezZI[eSIp onfea
¢59559001d [9AQ[-I)[NW 2TB AILIYI[BAY Ul UOTRZI[RNSIP pue DHIA Apmys ase) pue aIeOyIBAY  dSuEY [BIO0S
saniiqedes oreuAp mau Juip[ing pue sassa001d [euon dAneEend) paseq-onjea 0)  pue Sunsedd10]
-eziuedIo Jurouefeq axmbar (QHGA ) 1edY)[BY Paseq-on[eA 0} SYIYS [eotndwyg  SMAIAIUL 9] [Z0T sy1ys Suideuey [ed13ojouyaa], O ‘euIeysyoy]
aandnisip 304 jou
Inq Jo¥IRW [Te11 o) Junde A[urew ‘pojiul] SUTewI uoneziensdig
UOTIRIOUSS POZI[ENUSD
U0 POSNOOJ [[1)S SWLIY IS0 (PIM ‘poedulr SSI] pey Sey UONRZI[eNUIddJ 1N oy ur sarued
soruedwoo 9y} SsoIoe -woo A310U0 XIS
ssa1301d SurArea yym ‘snooj Arewrid oy} usdq Ssey UOIBZIUOGIBId( Apmys ase) 31g, oy Jo 901 [ ‘uosyep ‘1
SOATIUROUT aAnE)En) QYL Luonisuen ‘nojnodosjoy]
Korjod Suons uaa13 ydepe o3 Ajiqe oy umoys aAey XI§ S1g oy L, [eomndwyg  SMAIAINU] [ [20T ul SjuaquINOUL Korjod AS1oug SN “1Z3amey|
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey



N. Kleinschmidt et al.

1d 9zmundo

0} sonjeuad pue saIpisqns odue[eq A[[nJoIes jsnw Surjewiorod
sosudigua

U90M]0q SIISIOUAS SOSBOIOUI PUE S)SOI S9INPAI I (] FANBIOQR[[0D)
PES[ 03 PUL) SHYAUAQ

pUE S)SOO UONRWLIOJSURT) Ul s9FejueApe dAneIedwod yim sasudioqug
lgu

suonudul ostdIojue ueyy 9[o1 193uoxs € Ae[d SOAIIUSOUT JUSUIUIIAOD)

SOU0B0Iq [BUIAIXD SUIONpar ur AjJernoned ‘SwoisAs

Apmg
uone[nwiIg
[eo112109Y |,

910y Sur

-MO[[0] pue 9]0y

SurpeoT 910y

Surping 10y uon

-g[nuIIs J1301eNg
-UOT)BULIOJSUBI],

rensiq ,sosud

-103ug AS1oug

V/N  €C0T Uo sisA[euy dwren)

HI

Anpiqeureisng g S NI

AJLINDS 1] JO SSOUIATIOIID ) SAJLIOPOUT SSOUPIPPIQUID SIOMIIN €107-S00T
SOUOBAIQ [BUIUI 9SBAIIIP SWSAS Judwadeuetl AJuapl pourad ayp soyoeaIg AILINOAS
S[IYM ‘SAYILBAIQ [BUINXS IONPAT SWISAS [ONUOD YIOMISU [BITUYII], IoA0 (suon [euonezIuesiQ
SIUQWI)SOAUT AJLINOAS JO $309Y9 Sureudis Jo asneod Apmig [oued -BAIOSQO Suronpay ur syuowx Sw)sAg
-9q SAYILAIq paseaIour douaLadxa suoneziuesio paziensip A[ySiH [eurpnyiSuo  JeaA-eydsoy -1S9AU] AJLINOAS uorewIojuy
suoneziuegio JAneuend) 19%°St) pue sa131ens juowdSeuRN A\ TOSuImoYy
PAZI[BUSIP SSI UI SAYIBIQ AILINIAS 9ONPAI SUIUISIAUL AJLINOAS I | reowndwyg  spendsoy 8646 120T LI Jo so[oy ay L Jorewmor g ‘00X ‘H 1]
[EMAUDI [OPOW SSAUISNQ SIALIP
uoreAOUUI UO PASNI0J UOISIAIP [euOneZIue3Io Mau & Sulysijqelsg Ann
so3ueyo [euoneziuesio [eurour 21nbar jnq uorRAOUUL A310U7 Ue JO
[opow ssauisnq 103 saprunyioddo mau dn uado sar3ojouro9) (e Apmg A1ojerordxyg
salrepunoq s, Aueduwod uy :uorjeAouu] JuowaFeURIA A ‘esarg)
oY) SUIPUAIXa 10J [BIIUASSS ST SaNIRd [BUISIXS YIIM UOTIRIOQR[[0D) Apmg ase) [9POIA ssaursng uoneAouu| ‘S ‘ozuelq
SOIYIRIAN] JUSWIATRUB Yeam aAnE)En) pue a3uey) Jo [ewmor ¢ ‘rumper
PUB UOTIBZI[EIUI9P SAIINbal sanIIn Ul UoHBAOUUI [9POW SSauIsng [eondwyg  SMAIAIIL 6 (0T0T [euonestue3IQ [euOTIRUIIU] ANA ‘Brme]
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

SOLIJOUI Q0oUBL
-10310d Wy
pue ‘sonsne)s

10309s A310u0 oy ur s913  oFem ‘s3unsod 610C
-o[ouyod} [e)IS1p Surdrowd Surmois-}soisey oy oIe ] 0] pue ere Sig qol woij eyep ur sSunsod
Knanonpoid pue soueuniojrad uuy saaoxdwr Apuedyrugdis uondope [y Juisn sisAjeue 66£°09 pue 10309S
sa13o[0utd) [eNIP I9YI0 uoIssaI3oy ([ Qg W ssur A310U9 9y} UI SAI3
0} paredwos suuy A319u9 03 winrwaxd oFem 3soySiy oy sFuLiq [y aapeuend)  -1sod 0ze‘1€ -o[ouyod} [ensdip
10309s A310u0 o) ur A3010uy09) [eNSIp paydope A[opim jsowr oY) SI [ reoundwg woneeg [0z SuwiSowo puey  ASioug parddy [ nrgirm ‘nkq
(SuoneAIdsqo
103908 A319u9 2y Ul [opowr 509 JO 18101)
SUONISULI} U0QIBI-MO[ 10} [ JO douenodur ayy oziseydwo s)nsaray], uoIssaIfaIsiod) (70T 03 010T
SOUO POUMO-378]S-UOU 0] PaIedWod UOIIBAOU  -Jo-PaXY-3[qnop wolj ejep
-UI U92I3 JO suwIo) Ul J,(J WOIJ 9I0W JJouaq SosLIdIojue poumo-oje}s e Suisn sisk[eue Toued Suisn sosudiojuyg A310
uoneAouul BJEp [oUR] ‘euIy) ur -ug Jo uoneAouu|
U213 pue J g U9aM)aq JojeIpawu A2y © sk soAIds Ajjiqedes onueudq JAneuend) sosudigud UQIL) PUE uoljew Ad
sosudiojue A310U9 ur uoreAouUr UI3 sarowold Apueoyrusdis [ q [eondwyg ASI0U9 GG €z0T  -Iojsuel] [enusiq Ajpiqeureysng - ‘uoS (LA ‘NI
JUSWAFRURW 19)EM TR[NOIIO 9A0Id
-WI 0} [BONLIO 1B JudwdA[oAul o1jqnd pue uore1adooos 1apjoyayels JUSWASBURIA!
Sos1IdIoNd puUe JUOWUIIA0T POy Iqdjog IojeA\ MBWS UL
Kq poojsiopun A[100d d18 SWIISAS JUSUIIBIT) JAJEMI)ISEM PIZI[BUIIJ Azznyg :g 1ed Awouooy Ie[noI))
SIoL1Ieq [89 Apmg Sunuowo[dwy 0}
-130[0uy09) A9 aIe SISA[euE BIEP 9JRINOORUI PUE ‘AIIN0ds ‘Koealid eleq ase) 1y ued s1oueq ANIqe
uorjdope sIopuIy sanssI - SPOYIA PAXIA -urepsng Iojep\ AN ‘Sueg 1
[BIUSWIUOIIAUD PUE () AWOUO0I? JB[NOIID JNOGR SSIUIIBME JO YOB] reowndwyg  SMAIAIU] {7 [Z0Z  10J uonesiensiq Aqeureisng - ‘Sueg 1O NIy
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

QImonIseIyur
A310u9 Jooid-arny pue suonerddo pus ozrundo suimg [ensiq

SSO00NS UIM) [EJISIP J0F [BONIID ST OUBUIIAOST ©IEP dATIOPH BVLEIN
yuowdo[oAap pun A31oug oYy
urm) [e)ISIp SIOUBYUD SIOP[OYANRIS (AN YIIm UOTIBIII-0)) Apmys ase) ur surmp, [ensiq I ‘sej3unfg
spLi3 A310ud AAneend) Sunuowoydwy QADNDAXY (S ‘udspunw
Ul UONJBAOUUI PUB FUTUIRI] [BUOIBZIUBSIO 918)I[IoR) SuIM] [B)SIq reowndwyg  SMAIAI] /7 [20T pue Surudiso@  Apauend) SN -SO <D NSO
S[00] [eNTIP PIseq-oFpajmour| pue
‘uruiojur ‘SuLINSeIW WOIJ JSOW JJaUuq pue uoneuLIojsues) [eyusp $3ssa001d 110d
QIBIY)[EY 0} [BINLID IR ‘PIOO[IIA0 U0 y3noy) ‘suonouny j1oddng -dns eLoSeURW
93ueyd 03 ssouuado pue ‘poddns diysiopedy ‘s[[ys 10 so130[0UYO)
Tensip oakojdwd o1 s10joe) [euraiul uo spuadop uondope [nyssa0ong [en3Ip Jo d[01 Ay} ] ‘oueg
Suruuerd Apmg ydioq Furssassy :o1e0 d3uey) [e0og  ‘y ‘unsaudig
Teuonjerado pue ‘Fur)sesalo] ‘sonsiFor ur AJjeroadss ‘sossao01d aanensI aAneTend) -[}[eay Ul uorewr 29 SunsesaIog ‘D) ‘0joN.
-uruIpe s, 21e0y)[eay uo joedull paAradIad 1593u0ms Y} dARY [ PUe [ O] reowndwyg  smataRW] [1  $70C -Iojsuen [en3iq [ed13010uyda], SN ‘omeln
uonezI[eN3Ip PIEMO] JUSUW)IWWOD [BNPIA (VOOs))
-1pul SULI9)SOJ pue $901n0sAI JuraoIdwr saxnbar s1oLLIRq SUISSAIPPY SISATRUY 9A}
JX9JUO0J SIY} U BJBP JO UOTBZI[IIN A} S0UdN[UI A[JUed -eredwo)) r
-yIuSIs 10U Op UONB)USWT LI JANRNSIUTWIPL PUL 21NN UOLRZI[eNSIq aAnE)En) ‘UUBWLIOOTY
JuswRFeUR 19s-Azzng pazA[eue $10109S BARELENE|
19)eMa)sem UeqIn Ul [ Jopury Appudpuadapul ued [9A9] [euoneziueio dAneEend) saje)s-qns Imonnseljur Jo ‘N ‘ue3AnQg
AU} 1B SIDINOSAI JO YOr[ 10 [JAJ] [ENPIAIPUI U]} J© UOISIA JO JOBT Teotndwyg SSIMS €7 120T L 2yl 0) SIOLLRY  S9OURIAS Ad1[0g T ‘Auuey
QIMno [euon
-esiuesdio [ensdip M
uondope uon JO 91019y, :SHIN'S ‘pIsmounzg ¢y
-euLIOjsuen} [BISIp [NJssaoons 10] doueptodwr sy FunySiysiy ‘uoreaou (ANES) A315u9 ur uorRAOU ‘eYsmalozIanN
-Ul [9pPOW SSaUISNq PuE UONBULIOJSURI) [BUSIP Usamiaq diysuone[dar  Jurjopojy uon -Ul [9pOW SSauIsng Y ‘ereqny]
oy I 9]01 Sunjerpaw [e1onId e sAepd armno [euoneziuesio [e)siq -enby [eIonng pUE UOTIBULIOJSUBT) ~BSMONPMYD)
SHINS AS10U0 UI UOT)BAOUUL aAneIuen) TensIp uoamidq S ML)
[opour ssauIsnq uo joedwl 1091Ip PAIWI] B SBY UONBWLIOJSURT [N3IQ Teotndwyg SHINS L61 +T0OT  uI] Sursstu oy, Korjog AS1oug BYSMITBIN
anbruyoa],
POURN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

S9139)e1)S UOT)BAOU
-ul pue [e)S1p SuIALIp J0J qny [BJUD B dWEBDIq JIUN UOIIBAOUUI ],

sy[se) A[rep
ur sjo0} Sunjury) uSisop Ajdde pue ooudspyuod dAnEaId Ured sookojdwyg
S1I0Yo uorn} Apms ose) Supyuy) usisop o3uey) [er0os SIN ‘ouId[es
-eAouul 9[eds 0} sdoyssrom JunuIy) uFisop paInjdoNIys Jrun UoreAOUU] AAneend) y3noxyy [ 1oy Sur  pue Sunsessio] ‘g ‘[nouez
soniiqedes 1, Jo yuswdojoasp oy s193sof Supury) ugisog [eouidwyg  SMIIAI] 7] $207  -PIng Aipiqede) Jeo13ojouyoa], SN “BIIOAIIO
S[RUOISSJOI]
a1B)) [R100S puE
oFesn o[qeure)sNS AINSUI yj[esH Suowry 1 ‘rworuodoy
pue UOIIRISOIUT 90TAISS SA0IAWIT SWSTURYOSW Yorqpas] pue SULIOIUOA Apmyg MaTAIU] I ‘Dlewmysey]
Spoyjou FUIYOLd) 9SIOAIP UO SNO0J B aAneTend) SHIOM [ ‘0ISIAIO]
M ‘SYSB] PUE S[[I)S UO PIseq A[[enpIAIpul pajosie) oq pynoys ururer] aunnoy ol ‘d ‘eweqIy ‘g
s]00} TensIp mou jo uondope SMOTAISIUT Sjerdojuy Aoy, ‘eyne S
o[} JOJ [BIIUISSI SI SIOINOS JUIIOLYS pue Jsef o[dnnur woyy poddng dnoig snooyy jey ] Aepp B UL LR NN ‘erefmy] SNV
SQO1AIS [831S1p JO uonejuawa|dwr dAneEend) SIOIAING BN IQUIAU] [BIIPIN ‘uoueyIed]
[NJSS990NS 10J [BIONID ST UONEIIUNUIOD SNONUNUOD ‘DAISUsyIdwo) [eoundwyg  SMIIAINU] O  [Z07 udwd(dw] 0) mOH Jo [eunor [ ‘ApeN.
Kouaroygo [euonjeziuesio Juraoxdwr £q 10309s o180
-ypreay ay ur a3ejueApe 9ANNAdwos e JuLINO3s ur 9jol A3y e sAeld [y
1509 [euonerodo Surromo] pue
JeIs 10] pasu 2y Suronpail ‘uonedo[[e do1nosal saziundo 1y Sundopy
uonoeysnes judnyed Suiseasour pue sown Aejs [eydsoy suoneziuesio ared JuowoSeur]y  J ‘OUOABIYIS
Suronpar Aq 9oueuIoprod [RIOURULY 19)19q 0} PBI] SOLISINS USALIP-TY Apms ose) -3eay Jo uonisod 93uey)) [euon ¢ ‘preyquiog
doudrradxo juonjed Sur aAne)end) aannadwod ayy -eziued1Q fy ‘Quojseg
-Ao1dwl pue SI0LI9 [BIISINS FUIONPAI AQ SOWOOINO [BITUID SIIUBYUD [V [eourdwyg  smolAIdW] ¢ €707 Sioedunn [y moy Jo [euwnor ¢y ‘pRWIBYON
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

suadxy pajas[es
Jo 2An0adsiog oy

$5900NS wolj saysmbaorg N ‘Sursuop
J10J [BOTILIO QI8 JUAWOA[OAUT Juaed Suoms pue uoneradood 1opjoyayels [ejuswEpUn [ ‘1Ku9s09Zg
uonejudwd[dur JO sisA[euy oA f ‘Suuvoq
QALIP 0} SOATJUSOUT PUE SUOIIR[NFAI JBI[I SYIB[ 2INIONLS [BINI[OJ -ej1[en() (AUBuLIdD -ssod ‘Y
d3ugqreyo ur SYHH [euosIdg ‘upuerd ‘DA
Jofew & SUTRWIAI SI0JOB PUB SWA)SAS SNOLIBA U2aMIq AJIfiIqeradorau] Apmys ase) & Sunuowayduy [oI8asay OPUIM ‘d
sassaooxd aAnE)ENQ) £Qq SOOTAIOS [I[BOH  JOUISIU] [BOIPAJN  ‘9SQ ‘Y ‘Zuny]
oneroneang angojeue Aq PooUINYUI [[13S dIe SPIEPUE)S UONEIUSWNIO] reodwy  SMIIAINUL €€ 0Z0T Surzirensiq Joqeumor g ‘uuewyoq
;uononpoxd
UOI}OBINE JUSW)SIAUL pue ‘Koudrdye Adrjod ‘Aoudred (IOAIS) A319u9 9[qeMOUDI
-suer) Surouequo Aq 90ueUIOA0T AF10Ud U013 syroddns uonezienSig  uoISSAIZAY I[N 100 e AouaduLns
s[oA9[ uonponpold  -ueng) 9[qeLIeA K103B[N321 [}
10y31Y Je SUOIJBIOOSSE dAIILTAU SWOS YIIM ‘SIO0[Q PIXIW SMOYS (SaXB) [eyuownnsu]  (gz0Z-010T -UQWIUOIIAUD pUe 1IN
[erusuuoAuS Aq parxord) AouoSurns A103e[nal [LJUSUIUOIAU payjoowrg ‘eyep [oued) ‘AUIOU099 TB[NOIID ‘Ireyos ‘S ‘rey
adoung ssoxoe uononpoid 319U 9[qeMAUI ISLIIOUT daneuend) saLyunod uead JUOWIUIOA0T -0S ‘S ‘ye[N
Apueoyrugis saonoerd AWOU099 JB[NOIIO UL JUSWUIIA0S [eNIIq [eondwyg -omg /7 STOT [ensip op moH Korjod AS10ug I ymzo
UonBaIoO oN[eA SUIASIYOE pue
$99IN0S3I1 JUIUIQUIOD J0J [BIONIO ST JOIARYAQ SUIA9S-SSAWY SI0300(]
KIOAT[Op 2180Y)[eAY SUTWLIOJSURT)
‘s1003 1en31p Jo uondope ayy pajeIa]ooe orwdpued ¢1-qIAOD UL adeospuey anjea
QIeOYI[RAY pag3ni e ssoroe g ‘uasuof
ur ssa001d [, oy Suraup ur 9jo1 £y & sAejd Awouojne [euoissajoid Apmys ase) Furyoos-ssawy s SWAISAS uon ¢ ‘ounn
spaau juaned [enpiarpur aAnE)En) -onoerd aredyjedy  -eULIOJU] JO [eU o ‘1oppel
UO Paseq SUONBINSU0I3[) o] sAI30[ouyda) [eN3Ip pardepe s10100Qg [eowndwyg  SMAIAIIUL 77 €707 [euolssajordjo 1@ -Inof ueadoinyg -nueado[O
anbruyoa],
POYISIN
s3urpur Ao A10391e)  oz1g odureg QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

S90INOSAI pUB 9FPa[MOUy [8d
-13010uyo9} 12)e213 FuL121S0J AQ [ SISO0Q SONISIOAIUN YIIM UOTIRI[ LYY
s9ss0001d I, 0S1opun 03 A[oYI[ 2Jow os[e a1e s[eyrdsoy] Jop[O

srejdsoy uerfey ut

SIOY)O 0} sisA[eue sisAeue [eorndwo ERI Q1IN
paredwod 1, JO S[9A9] J9YSIY MOYS SWOO0I ASUoTIoWd Y)m s[ejidso  uoIssaidar S0 uy :Ansnpur o1ed ¢ ‘oS10qIy
LA JO [9A9] 34} aAnemuENQ “pesy oy ul L ‘1‘ung eq
souangur AjoAanisod ‘spaq Jo 1oquinu Yy Aq painseduwr ozis [eydsoq reoundwyg  srendsoy €01 €207 Yl JO SIQALIP Ay UOIBAOUYI], N ‘owrey
ooeds wuoprerd [eNSIP oY) UT SHUIQUINOUT YO PIJA] JO SS90
-ons 1)) 10J [eRUAsS? ST sanI[Iqedes srureuAp mau jo Juowrdo[oAdp YL swope[d
douepadur onjea 9je3nIw ues sois Sunen areoyyesy [ensig
-S9YOI0 PUB JUSUIUOIIAUD [RUISIUI ) FUISUIS 9YI] saniiqeded orueuAq wIog-judquInouy
suorjeAouur [enSip woij AJnJ Sunyousq woiy YOI PIIA JO ase) [ 92991,
SUAQUINOUT YO POJA suw| ‘sded asoy) Aq pasned ‘vouepaduur anjep Apmys ase) ay [, :senIiqede) SN TOWYRIYOS
sde3 1 Jo asneoaq sutioperd areoy)jedy aAneend) JrweuA(d pue  MIIANY Juowade {1 ‘uueuno
Tengip Surp[ing ur soFu[[eyd JUBIYIUTIS 908J SIUSQUINIUT YOI PIJ [eomndwyg  SMoIAIUI 8] 707 Qouepadwi] onjep  -UBJA BIUIOJRD (Y ‘Quolzpund
(syuawmoop
[BATUOIE pUE
SUOI)BAIISQO
woj eyep
Jeuonippe pue
‘syuedronred
$9559001d [ (T [1RIOp ULD 9FURYD 0} 20UL)SISAI S, UOHOUN I YL ST-01 PIm
SOYH Ul SUOISud) saje sdoysyIiom 9 NS
-0I0 YOIyM ‘uorjeAOUUl Pue AJNJIqeI[] UddIMIRq Suroueeq saxmbar 1 g ‘SMITAIIUIL ‘eaodeyy] ‘g
SaAnRnIUL pamonns aInjiej Jo suonep ‘JOOH uap ueA
1 UIULIdPUN UBD 9JI0JI0M ] 9} WOIJ SIOIABYI] 9A1303301d-J[9S Apms ose) -IWdS 7) -UNOJ-0I01W A1} JO SwosAS g ‘eySeueyy]
Jeis L] Suowre suor) oAnE)End)  PIAJOAUL S99 Apnys [eurpmi3uo]  uonewIou] J13 SN UISIOY
-doorad jeary) 01 sped] L pue SOYH U99mIdq JUSWIUSI[BSIW AJUSP] Teotndwyg -Kordwe 76 €207 ViSOYH W Ld -9ens Jo [euinof -eAOYB[Od
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

WoISAS002 2IBIY)[BAY
A1} SSOIOE UOTILIOQR[[00 TULI0IS0J AqQ (] 91eI0[9008 UBD SOLIBIPIULIDIU]

QIedT)ESY UT SIS

S[9AJ[ -o[ouyod} [ensdip
wW)SAS029 pue A30jouydod) SurSeurt soINbal UOIRIPIWINUI AN Jo uorsnyrp oy Jo
sar30[0uT99) 958D oY, :SALIRIP
MU JO SPIIU A} YIM SI0)O8 WISAS003 uSI[e d[ay] SOLIRIPIULIAIU] Apmys ase) -QWLIdIUT UOTIBAOU N ‘9n3o3y
sa13o[0ut09) [eNSIP JO UOIS dAneend) -ur uo dAndadsiad N ‘Aequuar],
-nyIp oy Suneyyioe] ur ofo1 [ejoAld e Aejd SOLIBIPOWLINUI UOIIBAOUU] reondwy  SMOIAINUL 68 $20T [oAQ[-nNW UOIIBAOUYI]], ‘vA ‘pees
. PAIUSLIO-JUSWIUOIIAUD,, UOTJRULIOJSURI],
pue  pauonio-Ariqedes,, Juowdo[dAdp uoaI3 10J S[OPOW OM], [endiq ur Aoudro
Ajpiqeureisns sisAJeuy -1gd [euow
aaoxdurr pue s3s09 uonponpold 9onpar sdjoy ASojouyody [ensiq aneredwo)) -uoJiaug daoxduy
uorneAouul AAne)end) 'umyD 03 sasudiuyg
U92I3 SALIP SUONB[NFAI [BIUSWUOIIAUS pue Hoddns JuawuIoron 1os-Azzng  ul sostidIaiue Paseg-901n0say dnd
Kouaroyyo [ey dAneEend) paseq Jo e [eonoeld ‘HX 1T A
~USWIUOIAUD oY1 2AIYI. sanifiqeded [en31p Juons yum sasudioqug [eondwyg  -90In0SA1 94 7TOT ) UO [oIBISY Anqiqeureisng  ‘no (S, ‘ueny
spaepuels Kjojes paaoidwir jnq
A12A119p 3103(01d pamofs suonendar aanods-qIA QD Ym douerdwo)
syuounsn(pe ejep awn
-[ea1 Surnnbar ‘osn [ENUOPISAT 0} SSAUISNQ UIOI PAYIYS PUBTIOP ISJBA\
soniiqedes yiom soonjoeld
9jowar Suraordwr ‘sanInn 19jem Ul [, PAIeId[aode orwapued oy, Apmys ase) pue s309(o1d 103008 S ‘ysag
saSueyo [euonjerado aAnE)En) Io)em Uo 6| Y ‘epunuey]
01 3] pue s)0a[01d UONONNSUOI 10199 Jo1eM PIAR[IP 61-ATAOD reowndwyg  SMAIAIUL 2] [20T7 -AIAODJoedwy  Aorjog senmn S ‘eddexnuoy
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

SIoLLIEq
Jolew urewWal SWA)SAS PIZIpIepue)s Jo yor| pue d5ULYD 0} dOUBISISNY
KIOAT[OP 0IBOT)[8Y]

Ul sjuewdA0IdWI 9ALIP UBD O] pue [y Y1 sardojouyoe) SurSiowy
uonejuowaldwr STH

soAnoadsIog
aIn,j pue soSug|
-[eyD ([e3miog ur

d

103 sa3ud[[eyd Aoy 21k Aoe10)1| [eNSIp pue JudwaSe3ud 1apjoyaxeIs Apmys ase) 1d oy} 10J Apeay ‘eIOpeN ‘HO[
s1qeradoayur aAnE)EnQ) SW9ISAS uonew ‘eg ¢ ‘osopIe)
1o pajeISur AT[ng 3104 jou d1e [eSn1I0J Ul SWISAS UOTIRULIOJU] [)[edH [eondwrg  SMOIAINU ]  €70C  -ToJul YiedH A1y QIRd)[EOH 1 “BITOXIDT,
suonesrdde 1op1aoid-o3-1opraoid 03 snooy Sunjiys ‘AjpAnesau suonea sjendsoy uead
-ouur juanjed-o03-1ap1aoid Jo uondope oY) s1oeduwir UOnBINFI SATIILISTY -0Ing Ul UONBAOU
suoneoridde gzg 10J Ajreroadss ‘uondope surorpaw -UJ QUIDIPAW[A],
-910) seouanyur A[oanisod ejep Jo Aoealid pue £)Lnods 10J uone[nIoy sIsA[eue SOLIIUNOD snonunuoodsI(y Ul
suoneordde (Ozg) uened-o3-1opraoid uey) uondope uo1ssaI3ar ueadoing uone[n3oy pue SWAISAS
10y31y 99s ASojo1pe1dey ay1| suonesrjdde (gzg) 1op1aoid-oi-1opiaold  onsido| Areurg 0€ sso1oe S}osSY ATejuowr uonewWIOU] S ‘Sisnyg
syromowrey A10yendar uey) uondope aaneuend)  spepdsoy oreo -o[dwo)) 1ensiq jo juowaSeuepy <D ‘1durqog
QUIDIPAW[Q) UT [BIIUINUT 2IOW Ik S)asse Arejudtud[duwos [ensiq Teorndwyg ANoe €GLT  0TOT 210y 2ANR[Y YL Jo [ewnof (g ‘IosneyuIdlS
sI9p[oyaye)s Juowe
UOTIBAI) AN[BA PATRYS 19]SOJ SWIISAS PIZI[RNUIOIP PUL SIOBIUOD LBWS
Kouoroyjo Teuonerado
Suraoxdwr ‘UONBWLIONUI JO UOTIBIZAIUI PUS-01-PUS SI[qRUD UTBYINI0[g 101998
SUOT)ORSULI) QILOY)[EY Ul PNEj SdNpal pue AJLmoas eep soaoxdur Apmys ase) QIedT)RAY AU UI S ‘1zznoe[
SI1010B 2IBOYI[BAY RINSLEM 1 Te) sdmue)s UOMIBAId dNJBA N ‘oxesseIN
Suoure UOT)EIOE[[09 puE ‘AOUIIOYYS ‘douerdiod SOUBYUD UTBYINO0[q [eomndwrg  oreoyyeay €€ €70C 10} UTEYONd0[g UOTIBAOUT[II],  ‘ouedg
Spaau a1eoyyeay [eonoeld pue juow
-dojoaap A3ojouya9) usamiaq des oyy Sur3priq ur ojo Aoy & Aed Aoy ],
SUOTINJOS AIBDI[LAY|
mau 3unse)y pue Surd4Kyojoid 10y surojrerd se 10€ sqe| uorAOUU] sqe| N ‘IJopue[oH
sanunroddo uonearo-0d ulyo Aq sasus[eyd 1 ssaIppe djoy Ady ], Apmys ase) uorjeAOUUI JO 9[01 ‘g ‘1oonpIe)
sdnyre)s pue aAnE)En) Y[, :suonesiuesio ‘D) ‘eunyog
SUONBZIULSIO IBJY)[BAY U9IM]oq UONBIOGR[[0d 19]S0J Sqe] UONBAOUU] [eowndwyg  SMAIAIUL GG €707 QIeoyedy ul 1 UOIIBAOUYIQ], <] ‘OIAISIBIURS
anbruyoa],
POYISIN
sSurpur, Aoy K108918)  ozig ojdwieg  IBOX QML S[oNIY [eumnop sioyny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

wiea) Jusw
-o3euew doy oy

Jo o701 SuneIspow

oy L, :soruedwoo

sagueyo 0139)B1)S ISISAT SUIBD) PAINUI}-IOFUOT sisA[eue A319u9 Jo [ uo
1@ uawarduwir 03 A[aY1] SSI] a6 SWELd) PAJLONPS AIOJN uoIssaI8ay 1207 91 9107 suorje[ngal fejudwr SOIIOU09H
1. 1S1Sa1 SWed) JUdtaFeurw Ip[Q aanenuend)  woiy sasudioy -UOJIAUD [BUOISAI  UOISIOd(] PUE [BLI d ‘Sueif O
1d 2owoid suonen3al [ejudsuoIAU [BUOITOY [eondwyg  -ud A319U9 §€7 €20 Jo joedwr oy, -ofeuepN  ‘Sueyz ‘g ‘nx
UOTJEWLIOJSUR)
[en31p pue uon
-eIn3yuooax
61-AIAOD M1 o1391e1s ysnoiy)
S9SLI0 Jsprwie sjeydsoy Jo AJI[Iqeure)sns widl-3uoj oy} sadueyud [ q [emaual o1393ens
sos11o Surmp jdepe 0y U0 2Inynd Surured|
sa13ojouyo9) [e)131p Jdope pue s301N0sa1 2INSYU0OAI 0) Pasu s[eydsoy [euoneziuesio
[emouar o1393ens pue oImno Jurures] [euoneziuedio  Suljjopow uon J0 109p0 oy Sur juswoSeue
usam1aq drysuoneyal o) Ajerpawl [ pue uoneIm3yuodal o13ajens  -enbs jeImonng -1e3nsaAUl (6] J3uey) [euon
sreydsoy ur JAneuend) syuedionaed -AIAOD Ispiwue -ezueg10 A ‘urf <x
[emauai J13a1ens saouangur A[panisod a1mno Furures] [euoneziuesiQ [eondwyg KoAIns 97 €20T JIp JO MUY Jo [euwInof “YnozIejNeIyex
sonuond juowaoxdwr uow
-wod 21eys Inq sa3ud[[eYd JudIYIp 29e} sfeydsoy ojeand pue orqng juowkordaq
ared yuaned ur syuow uonoung Kiend)
-oaoxdwr Surstwold smoys sa130[0uyod) [BISIP JO UONRISANUI OIWISAS Sursn syendsoy ur | ‘0[osseA
sassaooxd uonejuawdur OV ‘BIeSIoA
10 syuawredap ogroads 03 pajru| surewal uondope () f d1e0YI[BIH Apmys ase) 0'f 9IBOYI[BOY  [OIBOSY UONINp  AJA ‘Jopung
renudjod Surajos aAne)end) Jouonespuond  -014 Jo [eurnop ¢S ‘operSoq
-wapqoid uo paseq paznuonud are syejdsoy ur suoneordde rendiq Teotndwyg V/N 720T PUB JUSWISSISSY [eUONRUIAII]  TD) B[[AIOMO],
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

IS odung
uonezinn
Ayoedes pue uonezienSip usomioq drysuone[ar oy} 9JeIdpout A[oAn [opow $3109J9 BUIYD) WO}
-1sod A311e31A J03TRW pUE ‘QImjonysejul [e)31p ‘Kyenb [epdeo uewny pajeIpaw pue (6102-1102 Q0UIPIAY (103D
saruedwod paumo-aje)s-uou pue [opow [oued wouij eyep A313u9 2y) ur
SULIY QAISUIUI-IOQR] ‘S)osjIewt 9Annadwos ur 1ouons st joedwr oy ], s1oop-paxty  [oued) sorued uoneziun Aoedes o ‘TedoN
uoreAouul SUIOUBYUS PUB UONEBIO[[BSIW JOGR] SUIONPaI Aq 10303S JAneuEn() -0 A310U9d 109}J uoneZIfE) sorwouody 7 ‘nry ¢ ‘noz
A310u9 9y ur uonezinn Ayoededs sorordw Appuesyrugis uoneziensiq [eotndwyg PASI 206 STOT -131p So0p MOH K31oug X ‘Suoyz
sdnoi3 [euorssajoid ssoxoe uonesrjdde pue
‘Surreys ‘uonea1d a3pamouy] sajoword A391ens 9FPI[MOUY| JUSIAYOD Y
o3pojmouy| [ [ pue juowogeueur
‘Teorur]d Suneidayur uo spuadap ss90onS UONBZI[RISIP AIBIYI[eOH QredYIeaY
UoIeIOqe[[0d pue ur uoneziensip
‘osto1dwod Jo1uod Jo saseyd YSnoIy 9AJ0AD sIIFens 9Fpajmous| Apmys ase) 10J sa1391ens 93pd 93uey) [e100g
1a aAneTend) -[MOUY] JoW [[eys  pue urisesa1o If ‘s9]
dAdIYdE 01 93pajmouy| J1ay) udie ysnw sdnoid [euorssajold JuZIAIQ [eoundwyg  SMIIAIU] OF  [20T urem) oy} JI9A9N [eo13o[ouyas], -eUR)) ‘A ‘OBYZ
s[eon juowdo
-]9A2( 9[qeuleISNS
douewtojrad 9jerodiod SuIAIYOY 10}
Sunsooq ‘uoneISojur 9010saI pue uonerddooos 19pI0q-SSOId 1050 1 QOUAPIAY [SOI] iSO
PIOYSAIY) UTL}IOD B JOY B SUIN)I SUIYSIUIUIP Y)Im [opow $199[9 -sudiajuyg A310ug
douewrojrod Wy pue I (] U0aMIdq dIYSUOne[ol JeauIuou & ST 919y ], pajerpawr pue (1207-010T JO QouBUIIONIOJ
1d y3noayy oouewiojiod [opows [oued  woIy) BUIYD padsueyuy Ul uor} AX ‘nry
wy Sutaoxdwl 10§ WSIUBYOIW [BIONIO © ST UOIJBAOUUI YSnoIyp[ealq S100go-pax1]  ur saruedwoo -eaouu] y3noIyy ‘Al ‘Sueyz
saruedwod oaneuen)  ASI10U9 pSI| -yeaig pue [ Jo AN g
A310U9 JO douRMLIONOd SSOUISNG 2100 O} SOIURYUD A[JueoyIudis 1 [eotndwyg QIRYS-V 76 20T 910y ayi Suurojdxyg Anpiqeureisng ‘uoy ‘A ‘nx
anbruyoa],
POUIPIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

A1ddns 1o1em 9IMnJ I0J [BUISSS SI AFIOUD 9[qRMIUY

[tzelg
‘9)e)g o[ned oeg
10J yred uonisuen

PApPodU A1k SHUSWAAOIAWIT JUSUIIBI) TOJEMIISBA\ Apmys ase) d[qeure)sns & o}
puewop A3I0Ud pue ANJIqe[TeAR Jojem saInssaid uoneziueqin Y3y aAneTend) SISATeUR SNXON uononpoid 1o
ATIqeure)sns s,0[ned oesS JI0J [BIONIO ST SNXoU ASIouo-10jep [eomndwrg  SMOIAIUL 77 20T AS10Ug-19)e\\ V -UBQ[D JO [eUINOf  JV ‘O39[03I0g
Aymiqeure)sns 310d UT I0M UON)ISURI) SOOURYUS FUIUIEI] [BI00S JI0oM uonIsueI
11oddns uoryeaouur peoiq syoe[ Ing Aemyjed Loy © SI UONBIYLIOI[T 10011p pue odeys
sj030 Ajiqe s9ss0001d [e100S
-UIR)SNS PAJRUIPIOOI AIOW MOYS SHIOMIAU AISUI)XD AIOW M SHOJ Apmys ase) MO :ANfiqeure)  a3uey) [B100S
s9ssa001d 3ur JAneEn() -sns 1od 01 skem  pue SunsedaIo] N ‘SneysLy
-UIed[ pue ‘suone;dadxa ‘syromiau Aq padeys aie sAemyjed uonisuel] [eoundwy  SMAIAIUI 6T [20T -yped SwiSoaIq [eo1Sojouyoa] A ‘ueIolg
odeospue|
A319u9 s AuewiIon
ur J030eJ Aj1oeded
peoj pue juswdo
-[9A9p 9[qeuIR)SNS
(4OUY) (suonearssqo uo [ej1des uewny
sarorjod pojei3ojur 10J padu oY) SUIUIIdpUN ‘SAUO PIje] UOISSAIZY 76 =) K111 pue ‘uonesIeysIp
-0SI uey]) JoSuoxs aIe $)00hd paulquio)) ‘spoedwl Juopuadop-)xa1uod o[mueng) -Ienb ojur ‘9oueuIoA03T ‘A30
IBQUITUIOU MOYS [e}Ided UewNy PULR 9JUBUISAOL) "S[OAJ] doueuIojIad POSBQ-[OUIDY  PIWLIOJSuBI) -[outo9) AS10Ud A “TerepHry
10431y Je A[reroadss ‘oouaifisal [eo130]099 pue Judwdo[aAdp d[qeure)sns aAneIUERN) 2207-000T 9]qeMaual Jo K1o1008 ‘0 ‘uezZO
1oddns Aj3uons uonezieysp pue A30]0uydd) ASIOUS J[qRMIUY [eotndwyg Blep [enuuy  Gzoz 3oedwr onsiSIoukg ur A3ojouyoay, QS ‘uIpeyy
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

[9A9] [B00] Y} 18 A[2AIIQY suonisuen} AS12ud djqeureisns JeiAeu
0} Ay1oedes 90UBUIOAOT PUB YUIWIAJOAUT JJEIOOWP ‘SYIYSs orqdeisow

wjoyuiog pues|
A310U7 JO 9sBd

-op ‘sanrunyzoddo orrou099 SurssaIppe Jo A)issodou oy saziseydurg AL :JOAS] [90] suonIsueI] b
paonponur are s)odfoxd srmonnseryur Apnys ose) SIUSWNOOP o Je sassado1d [e1or00g pue  ‘uosie] osdof,
A810U 9[qeuIR)SNS 9[BIS-9TIB] UAYM SISSa00Id UOTIISURT) S[qRUIRISNS UT dATE)IEN()  SNOISWNU puB UonISuRI 9[qeuIe) uoneAOUU] [ ‘OUOTUUBIN
90BJ sapIunWwod [8d0] Jey) sagudyreyd pue saniuniroddo ayy sarojdxg [eoundwyg  sMAIAIN] ] $T0C -sns SunediABN  [BIUQWIUOIIAUY QY ‘udsuey
suonIsuen
Te[noro ur A)1otid 1omof & IS ST sweans 0S1ed mau SurjensayoI0 (s10q ueIdog
sjossnig a1 s)1od ueqIn ur UOWWIOD AIOW SI FUI[OAIY Jo AumyelN 4D
suiod Apmis ase)  soAnenIul g Ay} ST 1By A JUOT I ‘oysreg
Io[[eWIS UBY) SOATIRNIUT JE[NOIID PUB S0IN0SAI a10UI dARY S)iod 10818 aanejend) SuridAoo syod -ISURI], Je[noI) uop ueA &g
suonisuen} gD ur dojs ISy Y st A19A0031 A310Ud U0 sN20J sp0d IO Teotndwyg ueidPg s 020T Jo suroped ANMiqeute)sng  [OUOPUIZORH
uonIsuen
sonunyroddo [eoof uo spuadop suonesouur s juswoFesuyg A310U0 9]qEUL 0}
93ueyd 9ALIP 01 PIO[PUE] PUB 10JB[NSAT AYI| SIOI SN SO Apmys ase) suod 10§ adoos
S10JJQ uonisuen s)0d ddusngur $)XIU0I [BO0] dAneEend) oy uo aanoadsiod  (q Med oIBISOY JARLERN
suonIsues) AN[IGeUIRISNS Ul SOLIBIPIULIAIUT SB UONIUNJ SH0J [eomndwyg  SMOIAIU] 6§ [C0C  [BOIUYIDI-0100S ¥ uonepodsuel], ‘S ‘uewrweg
Auoyiny 1104 9y} UIYIM JIUN Uon
-1suen} & Suneard pue sa1391ens JunuIylal 0} paINqLIuod ssad01d dy
owigar
[1ss03 2y} az1[1qeysap djoy 03 parjdde sem juswoFeurw uonisuel],
suonisuen} AJIjiqeure) uonIsuel], ojul  “eey uea
-sns 10J 99eds pauado Aoyny 1104 ayy urgim diysiopes| ur yiys v Apmys ase) wepIanoy Jo 1og ‘[ ‘sueunoy
UI-3[90] U0qIed € aAnE)En) [1ss0 oy} Surpea] ‘d ‘Yoeq100]
Suneao ‘spany [15s0j uo douspuadop Y31y So9BJ WepIaNoy JO 1o YL, [eowndwyg  SMAIAIU] €€ §T0T INQ-J00T Uoqie) Aypiqeureisng o ‘uewsog
anbruyoa],
POURN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

suonoUNSIp J1dSIp UOWOD SI SUONI[EOD SSOIOE UOTIEIOQE[[0))
uonnaduwod

uonisuen A310us
ueadoing oy Jo

suonisuel]

d10W pue FUIP[aIYs JONIBU SSI] JOAB] SJUIQUUNOUT JAISSAIZOI] Apmys ase) oseyd uoneraeooe [€19100S pue 1
soouaidya1d yroddns A310u9 sjqemouai ur uonejudwFely Sursearou] AAneend) Y} Ul SUONI[BOD UOIJBAOUU]  ‘UUBULISWILIEY]
SUONI[BOJ JOUNSIP AT [IIM PIAJOAD SBY INJONIS UONI[BOD reotndwyg  SMAIAIU] $€ 70T A9BO0APY  [RJUOWIUOIIAUY SN ‘BIoqpur]
s[eo3 Ajfiqeure)sns SanIIN 191eM
10peoiq pue AOUSIdIS US2MIOq SPO-dpel) JudsaId Sopoul OUBUIIAOD Q0I1) UT SanI[Iq
soniiqedes orweuAp [euroyur -eded orweuAp Jo
19Mm0] 10J jesuadwod saniin o1 qnd djoy suoneIoqe[[0d [RUIAXT sisA[eue oAnjered
S[203 [B100S PUE [B)UIWUOT -W0J / :SUONISueI suonIsuel]
-IAUQ 109[30u Aewl Inq AOUSIOIIO WO PASNO0J SIOW AT SONI[IIN AJBALIJ Apmys ase) Aymiqeureisns [e191008 pue
sopow o1jqnd uerp) aAnE)IENQ) uo uonezneatd uoreAouu] g ‘eynip
a1ow sanI[Iqedes oIWERUAP 191SOJ SOPOW SOUBUIIAOS PAXIW PUB JJBALIJ [eotndwyg  SMAIAIU] 8 ST0OT Joedwioy]  [RUSWUONAUY  ‘F ‘LIOUYISQAIT
suoneuLIojsuen} Ajiqeurelsns 10 A3ojouyod) JurseIoad]
ur As170d Jo doueyrodwir oyy SunySIysy ‘suone[nIol [EJUSWUOIIAUD
191011 [IIM SUOIFAI UT JUBOYIUSIS 9I0W ST [0 U0 [y Jo joedwr oy,
Ansnpur A310us oy ur soonoeld o[qeuresns Jur
-ALIp 10J [BIIUSSSI dIB YOIYM JO [j0q ‘sainssaid [eroueuy SUnjeIAd[[e pue 70T (Ansnpur A31ou9
endeo uewny Suroueyuo Aq pAAAIYIE SI [ 1D U0 douanygur 2anisod s 1y sisA[eue 0} /(07 WO} 9y} Ul uonBAOUUL
uoneULIOJSURY) uoIssaI3oy  suly A310uo A3o10uyo9} U3 [ ‘ung
ATIqeuTe)snS §,10309s ASIOUL 9 J0J [BIONID ST YIIYM ‘SuLy AS10Ud aAneIuRNY)  PA)SI] ASAUTYD) jowroxd 2ouaS[o} SOTUIOU0dH X ‘NI X
ur uorjeaouur A30jouyod} useid sajowold douasif[eiul [RIOYNIY reoumdwyg  joeyep [oued GgOZ  -UI [eIognJe sso A31oug  ‘Gueyz D ‘1T
sanss| 101093s ®
doueydodoe [e100s paster pue uonedionted [Bo0] paonpal uolezijenu) Apmys ase) JO uonewLIOjSUBH
s10)08 sIsATeue dlqeureisns d ‘oourey]
[eo0] pazijeurdiew diysioumo pue ‘@oueuy ‘A3ojouyd9) ur soguey)) [eoLI0ISIH (un) oy :xomod Sutuued 2 ¢S ‘S10QAN ‘L
sjudwdo[oAdp PAzZI[eIIUId aAne)end) puim ysiueq ur  AJ1j0d [BIUSWIUOL ‘uruo) [
‘9[9S-031B] 0] PAUMO-AJTUNWITIOD WO PAYIYs Jomod puim ysiueq [eowndwyg  SMAIAI] L€ [70T JIys widipered  -1Aug Jo [eUINO[ ‘preeZoIry]
anbruyoa],
POYISIN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

PLIS JreWS oY) Ul

$901n0s A310U0 PANQINSIP JO Uondope Y SISPUIY SIATIUIOUT JO BT
so3ueyo [ernjon)s 3s1sol jnq Sul

-p[Ing 2INONNSLIUI 0] SYI0MIOU JAISUXD 05eI0A9] so1uRdiIod pLID

BuIys ut
juswdojorap pus
yrews o) Jo Apnys
9SBD Y/ :SUON)ISUE)
A310u9 9[qeUIRISNS

uoneAouul Apmys ase) ur sanIIn Juaq d SIITH pre
0] SIOLLIBQ PUE SI9[QRUD Sk uonouny saruedwod pLid juaquinouy aAnE)EnQ) -wnout Jo 9[o1 -uoy ‘A nM ‘d
[opow pI[-juaquINdUL Uk SMO[[0F Judwdo[oAdp pLIS J1ewWS S BuIy)) [eondwyg  SMIIAIN] [ 720T oy Sururerdxyg Korjod AS1oug  yeN UIA-1BSN

uornIsuen

sIsAJeue A310u0 ueWIOD) O}

A319u0 9[qemaual QoUBWLIOJIOd uo Apmys aseo o1dn

WOJJ SIYauaq dIUIOU0I 0} ANGLIUOD SAINJINLS SUIPUNY SIAIJ sIsATeue -[nw y—AS10u9
suonisues} A319u9 [euoI3a1 9oUBYUD A[JUBOYIUTIS SYI0MIQU [BULIO| 19s ysnoy 9[qeMaudI JO (g ‘Suey
sowo0oIno A310ud [euoi3ar saaordwr suradxa yym 93ueyoxd apajmous| /Apmyg ose) uonejuawdur  ‘SimoN
uoneuawaduwr aAneInuen() Auewon [euor3ar oy 10y ‘g7 TyosIy
A319u2 9[qeMmaUDl [NJSS00nS 10] [erontd are suejd A31oud [eUOISYY [eondwyg  ursuoi3oy 81  L10T 510308} SUIALIQ Ko1j04 AS10ug NI ‘2]

puejod

ur Ansnpuj A31oug

a1} jo siseg ay) uo

siskleue  (8102—6007) 1uowdojoaa( d[qe

aaneredwo) pouad 184-( | -urejsng jo aguey

SIop[oyaYe)s /Apmig ose) B 1oA0 sarued 3} UI SIOP[OYINRIS
03 uonNqLUSIp syyauaq judsaxd jou prp Ayiqeigoid jo yoef Arerodwa], aAnEUeN))  -WOD  WOIJ 03 anjeA asudioyug Vv ‘ensny]
onyeA pANQLISIP Y3 WOIJ }sow Y payyoudq s1orjddng reoundwy  ejep [eroueul 707 Sunnquysiq Ayiqeureisng ‘g ‘ouaro]

WO)SAS0I9 UONBAOUUI S, [dUH

ur sa3uBYOXd 9Fpa[mouy| pue s SWSIYSIY SJJomowe) NIYS YL 1omod

UOI}BaI0 dN[BA PAIRYS 10J UONEBIOGR][0d IIP[OYIL)S [BUINX SISN [dUg uadQ [oug Jo oseo
drysiopes] Apmys ase) JY [, :uonIsuen JuSTUONAUY ¥ ‘1zz1doa
o1391e1S YSNnoIy) uoryeAouur pue A)jIqeure)sns sajeI3ajur [oug aAneTend) olqeurejsns 10j oy} pue £301eng v ‘ue13sny
S110J9 AN[IqRUTR)SNS S [dUH SARI[A0I. UoneAouu] uadQ [eondwyg  SMOIAIIUI G €707  uoneaouu] uadQ ssoursng ‘g ‘srjoddry

anbruyoa],
POYISIN

s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

SUONISUE)
SH( 10J [enuassa a1e suoldweyd [890] pue Judwoesud 1osn)
soSuo[[eyo [EIOUBUY PUE [BITUYII) 0JB)

INQ SWA)SAS S[qEUIL)SNS JIOW PIEMO] SUONISULI) 995010 s10je1odo S
suonisuen S Sunowoid

suo|
AIBUOTN[OAJ-0D
9y y3noiyy s1o
-ugisopysiojerodo
amonnselyul
woly saAndadsiog
SWRISAS A310U9

ur sarorjod [e1opay uey) 9101 Juedyrugis arow e Aeyd sarorjod [eoo Apmys ase) JOLSIP S JO suon o oo (v
sage)s aAnE)Een) -Isuel) d[qeure)sns uononpolg 19 ‘ruemseurey
UOI}BIOUOF-PUO0IS Pue -)s1 Y} I 1k (SHJ) SWISAs A310u9 101sIg [eondwyg  SMIIAIU] ] (020  A[[BIUSWUOIIAUY -UBJ[D) JO [BUINO[ S ‘Suog,
BUIYD) UT SOINSO[d
saro10d [2A9] uone)s 1omod [e0d
-[euorjeU UBY) SnonIquie d1ow a1 SuopSueny) ur sa1d1j0d 31X9 [80)) ul syuaSe oueyo
saruedwoo romod S uonouny sjud
WIOIJ 9OUBISISAI SWOIIIA0 0} Pasn dre swstueyodw [nd pue ysng -UI9A03 [B00]
S)UAWIAINAI MOH YIys AS10u0 VI
juerd 1202 oALp Surpesddn [eLysnpur pue saanow [ejuawdooAdg Apmys ase) U39 3y} 0} doUL) ‘SMAIBIN ‘AS
sa1nso[o uone)s romod dAneEend) -SISI JUaqUINOUL ‘wry g ‘uoq
205 ur syuade 93ueyo St UOHOUNJ Ued BUIYD) U SJUSWUIIAOS [8I0 [eondwyg V/N 1202 SurwooIoAQ Korjod AS10ug -1y ‘H ‘uel
. PAIUSLIO-IUSWIUOIIAUD,, UOTJBULIOJSURI],
pue  pausnio-Ariqedes,, JuowdoaAdp uoai3 10J S[opow oM], [endiq ur Aoudro
Ajpiqeureisns poylowr -1gd [euew
aaoxdur pue s3s09 uorponpoid sonpar sdjoy ASojouyody (g8  oner danelenb -uotiaug daoxduy
uoneAouul 19s-Azzn| uttie] 03 sasudioug
U92I3 SALIP SUONB[NFAI [BIUSWUOIIAUS pue Hoddns Juawuioron /Apmig ose)  ur sasudioiud Paseg-90Inosay 1O
Kouarotyo ey aAnE)En) paseq Jo yied [eonoeld ‘HX T A
~USTUUOIAUS JoYSIY 2AIYI. sanifiqedeo [en31p Suons yum sasudiojug [eondwyg  -90In0SA1 94 7TOT 9} UO [YoIBISY Ajpiqeureisng  ‘no (G, ‘ueny
anbruyoa],
POURN
s3urpur Ao K10399e)  ozig ojdwieg  IBOX QML d[onIY [euwmop soyiny

(ponunuod) ¢ |qey

pringer

Qs



Antecedents, enablers and outcomes of twin transformation in high...

g o0y
woIsAs a1ed pue ‘Y ‘Kesurey
redy ystsug oy ‘[ “Koprey
s[[ys [eontjod pue uonenodau yim uonisoddo djeSiaeu s10ped 1S ur sdigszoupred 1S [N ‘dorng
S)I0JJ2 UOT)EIOQR[[0 WIAISAS SOUINPUI SIOUBTEUIT IOMOJ Jo uoneyuowaTdun N ‘Apromxg
SMIIA JOP[OYIL)S [IOU0IAI 0) SAIFRXS JUIWATLIUD puL U)SsI| ay L, :o8ueyd AL OIR[D
01 pasn s19ped] (d1.S) sdrysiouped UOTIBULIOJSURI], puB AJI[IqeUuIeIsng Apnys ase) wolsAs 1ofewr Jo - Ao1j0d 79 yoIeas ‘D “Yyoerg
sonjea pue s3ur JAne)end) sonjod-oxoru -0y SQJIAIRS ‘g ‘doysig
-uBowW SULIYIP JO 9SNEIAQ AFUBYD WAISAS UI JSIXD SAUI] J[NeJ [BINI[0J [eoundwy  SMIIAINL €8 €20T o) SuneSiAeN  [I[eaH JO [euInOf [ ‘Surrep
anbruyos],
POUIIN
sSurpur,] Ao A10898)  ozig ojdweg  IBOX AL S[ONIY [eumoyp sioyny

(ponunuod) ¢ |qey

pringer

As



N. Kleinschmidt et al.

Table 5 Coding Examples

Example Quote Ist Order Concept 2nd Order Theme  Aggregate
Dimension
DT
“DT provides an important entry point Developing green  Build innova- Adaptation and flex-
for energy enterprises to improve their innovation abilities tion capabilities ibility for DT
innovation ability.” for risk-tolerant
advances
“Deep cultural change will also be Delivering IT agile Build innova- Adaptation and flex-
needed with a focus on people and tion capabilities ibility for DT
agile ways of working.” for risk-tolerant
advances
“This is particularly challenging, Balancing current  Develop digital Adaptation and flex-
given that [...] different depart- operations with business models ibility for DT
ments use systems that are not the drive towards  adapted to
interoperable.” fundamental high-stakes
transformation environments
“Having a separate unit for innova- Managing tensions Develop digital Adaptation and flex-
tion allows for an environment within ~ between innova- business models ibility for DT
the mainstream organization in which  tion/transforma- adapted to
learning and experimentation are tion and reliable high-stakes
encouraged, and failure is tolerated.”  operations environments
“The participants suggested that Building interdisci- Establishing Adaptation and flex-

implementation be facilitated by
involving professionals from different
professional groups [...].”

“Bringing together different stakehold-
ers to sense opportunities and threats
is a means of doing this.”

ST

“[...] one is to force them to do so
through environmental regulation,

[...17

“The ownership of the local govern-
ments in some of the major power
utilities in the province provide the
governments another mechanism to
push the closures.”

“[...] encourage them through market
mechanisms.”

“[...] we find that the focus of such
reforms remains on cost-efficiency,
rather than to engage in radical
innovations.”

plinary knowledge
in cross-functional
teams

Sensing opportuni-
ties and threats

Political regulatory
system driving po-
tentials for radical
change

Increasing control
for public owners

Navigating
economic pressure
and loss

Balancing cost-
effectiveness and
sustainability

strategic agility for
digitalization

Establishing
strategic agility for
digitalization

Enforce radical
change through
regulation and
guarantee opera-
tional stability
Enforce radical
change through
regulation and
guarantee opera-
tional stability
Economic incen-
tives driving ST

Economic incen-
tives driving ST

ibility for DT

Adaptation and flex-
ibility for DT

Governmental regu-
lations and stake-
holder dynamics
demanding sustain-
able transformation
Governmental regu-
lations and stake-
holder dynamics
demanding sustain-
able transformation
Governmental regu-
lations and stake-
holder dynamics
demanding sustain-
able transformation

Governmental regu-
lations and stake-
holder dynamics
demanding sustain-
able transformation
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Table 5 (continued)

Example Quote Ist Order Concept 2nd Order Theme  Aggregate
Dimension

“[...] carry out green innovation Promoting the Technol- Governmental regu-

activities through digital technology to generation of new  ogy innovation lations and stake-

adapt to the trend of digital develop-  technologies and  driving green holder dynamics

ment and improve the environmental ~ enhancing green transformation demanding sustain-

efficiency of enterprises.” technology innova- able transformation

tion through digital

technology for
improved innova-
tion efficiency

“[...] the global economy has seen Rapidly develop-  Technol- Governmental regu-
decreasing prices on renewables and ~ ing low-emission ~ ogy innovation lations and stake-

a rapid development of low-emission  technologies driving green holder dynamics
technologies.” transformation demanding sustain-

able transformation
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