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Abstract

The intersection of educational resilience and entrepreneurial competencies presents
unique opportunities for maintaining STEM education quality during crises. This
systematic review synthesizes evidence from 301 sources to develop an integrated
framework for implementing entrepreneurial STEM education in conflict-affected
contexts. Through comparative analysis of pandemic and armed conflict impacts, we
identify distinct adaptation strategies and their effectiveness. Our findings reveal that
crisis conditions accelerate entrepreneurial competency development by 34-45%
compared to normal contexts, while problem-based learning approaches maintain
78% of educational outcomes despite severe resource constraints. The Ukrainian
case demonstrates how educational systems can transform adversity into innovation
through community-integrated projects, digital resilience strategies, and trauma-
informed pedagogies. We present a comprehensive implementation framework
validated across multiple crisis contexts, offering evidence-based guidance for
educators, policymakers, and international organizations. The study contributes a
novel theoretical integration of crisis pedagogy, entrepreneurial education, and STEM
resilience, providing actionable insights for building antifragile educational systems
capable of thriving through disruption.

Keywords Crisis education, Entrepreneurial competencies, STEM resilience,
Educational transformation, Conflict pedagogy, Ukraine, Systematic review

1 Introduction

Educational systems worldwide face unprecedented challenges from natural disasters,
pandemics, and armed conflicts, necessitating fundamental reconsiderations of how
education can persist and even thrive during disruption [1-4]. The convergence of
these crises with rapid technological change creates both obstacles and opportunities
for educational transformation [5, 6]. Within this context, entrepreneurial approaches to
Science, Technology, Engineering, and Mathematics (STEM) education emerge as par-
ticularly promising pathways for building resilience [7—10].
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Resilience in education transcends mere survival, encompassing adaptive and trans-
formative capacities that allow systems to evolve stronger from crises [11-13]. Integrat-
ing entrepreneurial competencies—such as problem-solving, resource mobilization,
and innovation—into STEM education amplifies this resilience, equipping learners with
skills to navigate uncertainty and contribute to recovery [14—17]. However, the litera-
ture often treats educational resilience, crisis pedagogy, and entrepreneurial education
as separate domains, overlooking their synergistic potential [2, 14, 18].

Ukraine’s educational system, disrupted by the COVID-19 pandemic and the full-scale
Russian invasion since February 2022, provides a compelling case study [19, 20]. With
over 3000 educational institutions damaged, 1.5 million students displaced internally,
and 2.2 million relocated abroad, Ukrainian educators have developed innovative adap-
tations that offer globally relevant insights [21-24]. These adaptations demonstrate how
entrepreneurial mindsets can transform extreme constraints into catalysts for educa-
tional innovation [10, 25-27].

This systematic review addresses three key gaps: (1) the lack of integration between
resilience, crisis pedagogy, and entrepreneurial STEM education; (2) the predomi-
nance of pandemic-focused research over armed conflict contexts; and (3) the scar-
city of empirically validated frameworks across crisis types. Synthesizing 301 sources,
we develop an integrated framework for crisis-resilient entrepreneurial STEM educa-
tion, exploring how entrepreneurial approaches enhance resilience, identifying effective
implementation strategies, and deriving policy implications for sustained educational
continuity [28, 29].

2 Theoretical integration and analytical framework

2.1 Conceptual foundations

Educational resilience in crisis contexts operates through multiple interconnected
mechanisms that we synthesize into an integrated theoretical framework. Drawing from
Tarricone et al. [12] Barrett et al. [13] and Foxon et al. [11], we conceptualize resilience
as encompassing three dimensions: adaptive capacity (adjusting to disruption), absorp-
tive capacity (maintaining core functions), and transformative capacity (emerging stron-
ger [30]). These dimensions interact dynamically with entrepreneurial competencies and
crisis-specific pedagogical adaptations.

Figure 1 illustrates their convergence, drawing on Kirznerian opportunity identifica-
tion and Schumpeterian innovation theories to frame entrepreneurial STEM education
[31].

Entrepreneurial competencies in STEM contexts extend beyond business creation
to encompass cognitive (critical thinking, opportunity recognition [32]), operational
(technical skills, project management [33]), personal (self-efficacy, persistence [34]),
and social (communication, network building [35]) dimensions [7, 8, 16, 32]. During
crises, these competencies undergo accelerated development through necessity-driven
innovation [15, 35, 36]. As Kaya-Capocci et al. [9] demonstrate, students facing resource
constraints develop 45% stronger problem-solving abilities and 67% higher adaptability
compared to traditional contexts.

Crisis pedagogy theories, including crisis resilience pedagogy [18] and trauma-
informed teaching approaches [37—-40], provide frameworks for maintaining educational

quality during disruption. However, our analysis reveals that armed conflict presents
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Fig. 1 Integrated theoretical framework showing the convergence of entrepreneurial competencies, crisis peda-
gogy, and STEM education resilience

Table 1 Comparative analysis of crisis impacts on STEM education

Impact dimension Pandemic (n = 89) Armed conflict (n = 27)
Infrastructure integrity 949% maintained [46] 22% functional [23]
Population stability 87% in place [47] 33% stable [21]

Digital access reliability 76% consistent [48] 41% intermittent [27]
Psychological impact (severe) 19% of students [45] 87% of students [44]
Resource availability 68% accessible [49] 23% accessible [50]
Recovery timeline 6-24 months [51] Indefinite [19]

Innovation response rate 45% institutions [5] 89% institutions [10]
Community engagement 349% active [52] 91% essential [53]

fundamentally different challenges than pandemics [38, 41]. While pandemic education
maintained physical infrastructure and expected eventual return to normalcy [42, 43],
wartime education faces infrastructure destruction, indefinite timelines, severe trauma,
and targeted attacks on educational facilities [19, 22, 23, 44].

2.2 Comparative crisis analysis
The distinction between crisis types proves crucial for framework development [45].
Table 1 synthesizes our comparative analysis of crisis education studies.

These differences necessitate distinct theoretical approaches [2, 4, 42, 54]. Pandemic
responses could focus on digital transformation and temporary adaptations [18, 55],
while conflict contexts require fundamental reimagining of educational delivery [21,
22, 56]. The Ukrainian case exemplifies this distinction: institutions demonstrated 89%
innovation adoption rates compared to 45% during pandemic-only conditions, driven by
existential necessity rather than optimization goals [10, 57, 58].
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3 Methodology

We employed a systematic review methodology following PRISMA guidelines [28],
searching Scopus for publications from 2010 to 2024. Search terms combined three con-
cept clusters: crisis education terms, entrepreneurial education concepts, and STEM
education keywords. From 9558 initial records, 301 met inclusion criteria after screen-
ing for empirical grounding, crisis education focus, and relevance to at least two of our
three domains. 86% of records are from 2019 to 2024 (Fig. 2).

Data analysis employed thematic analysis [29] with dual coding achieving inter-rater
reliability of x = 0.82. We synthesized findings through framework analysis, pattern
matching across cases, and comparative synthesis between crisis types. Ukrainian cases
were prioritized for depth, reflecting maximum variation sampling [21, 23, 59].

4 Findings: crisis-driven educational transformation

4.1 Accelerated competency development

Our analysis reveals that crisis conditions paradoxically accelerate entrepreneurial com-
petency development in STEM education [60]. Meta-analysis of 52 competency-focused
studies demonstrates significant improvements (34—45%) across multiple dimensions
compared to non-crisis baselines (Fig. 3).

The mechanisms driving this acceleration include necessity-driven innovation, com-
pressed learning cycles, authentic problem contexts, and heightened motivation for
community impact [54, 61, 62]. As Litvinov et al. [16] identified through their analysis
of engineering students, crisis conditions generate “accidental competencies”—capabili-
ties that emerge organically through adaptation rather than formal instruction. These
include enhanced self-regulation (89% of participants), adaptability (92%), and empathy
(78%).

Ukrainian students exemplify this phenomenon [63]. Despite 86.9% experienc-
ing depression and 82.8% reporting anxiety [44], 78% demonstrated entrepreneurial
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Fig. 2 Distribution of analyzed studies by crisis type and year
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Fig. 3 Entrepreneurial competency development in crisis versus normal educational contexts

initiative through community-focused projects [10]. Students developed water purifi-
cation systems using local materials, created emergency communication networks, and
built solar charging stations—transforming theoretical STEM knowledge into practical
solutions addressing immediate survival needs [25, 64].

4.2 Pedagogical innovations and adaptations
Crisis-driven pedagogical innovations emerged across three primary dimensions:
instructional delivery, resource utilization, and assessment approaches [46, 65-68].

Problem-based learning (PBL) approaches proved particularly effective in resource-
limited environments [69, 70]. Ahmed et al. [71] demonstrated that carefully designed
offline activities complementing online sessions maintained 89% of learning outcomes
despite 67% reduction in laboratory access. The key lay in reconceptualizing constraints
as design parameters — what Secundo et al. [55] term “constraint-based innovation”

Digital transformation, while challenged by infrastructure attacks in Ukraine [72],
yielded innovative solutions [66]. The distributed infrastructure model developed by
Ukrainian institutions included cloud migration for data preservation, redundant plat-
form systems, mobile-optimized education apps, and offline-capable content delivery
[73-75]. This “digital resilience” approach enabled 83% educational continuity despite
targeted infrastructure attacks [76].

Community-integrated projects [77-79] emerged as a distinctive wartime adaptation.
Unlike pandemic responses focusing on digital pivots, Ukrainian educators developed
projects addressing immediate community needs while maintaining STEM learning
objectives. Engineering students designed emergency shelters, computer science stu-
dents created platforms connecting displaced persons with resources, and interdisciplin-
ary teams developed mental health support systems reaching 23,000 users [75, 80, 81].

4.3 Institutional transformation patterns

Educational institutions demonstrated remarkable organizational entrepreneurship,
fundamentally restructuring to maintain their missions [58]. Our analysis of institu-
tional case studies reveals transformation patterns extending beyond temporary crisis
response to fundamental reimagining of educational delivery [82]. The case of Donetsk
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Fig. 4 Implementation framework for crisis-resilient entrepreneurial STEM education (synthesized from 142 stud-
ies including [95-98])

National Technical University exemplifies radical adaptation. Forced from occupied ter-
ritory, the university developed a “hub and spoke” model with a central coordination
hub, eight distributed learning centers, 23 international partner institutions, and virtual
laboratories with shared resources. This model maintained 78% of pre-war enrollment
and graduated 89% of displaced students on schedule [21].

Institutional transformations followed identifiable patterns [10, 64]. First, governance
structures became more flexible and distributed, enabling rapid decision-making [83].
Second, partnerships expanded dramatically—Ukrainian institutions reported 234%
increase in collaborative relationships [84, 85]. Third, assessment systems evolved from
time-based to competency-based approaches [86, 87]. Fourth, community engagement
shifted from peripheral to central, with 91% of institutions reporting active community
partnerships as essential for survival [64, 88].

5 Implementation framework
Based on synthesis across implementation studies, we present an evidence-based frame-
work for crisis-resilient entrepreneurial STEM education (Fig. 4).

The framework operates through five interconnected phases [46]. The assessment
phase involves comprehensive context analysis including infrastructure status, popu-
lation displacement patterns, and psychological impact levels [99]. Resource mapping
identifies available materials, expertise, and partnership opportunities [50]. The design
phase creates modular curricula with self-contained 2—3 week units, multiple entry
points, and flexible sequencing accommodating disruption [51, 90]. Implementation
emphasizes iterative refinement based on continuous feedback [65]. Successful programs
demonstrate three critical features: bandwidth-optimized digital delivery [75], commu-
nity-validated project selection [77, 78], and trauma-informed instructional approaches
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[37, 100]. The evaluation phase employs multi-stakeholder assessment incorporating
teacher observations, student self-assessment, parent feedback, and community impact
metrics [86, 87]. Sustainability requires capturing innovations for post-crisis integration
[3]. Analysis of 23 post-crisis studies reveals that 78% of crisis innovations remain active
two years later when properly documented and integrated into institutional practices
[95]. Key sustainability factors include leadership commitment, structural adaptation,
resource allocation, and policy support [1, 30, 83].

6 Discussion and implications

6.1 Theoretical contributions

This study advances theoretical understanding by integrating previously disconnected
domains. First, we demonstrate that entrepreneurial competencies and crisis resilience
operate synergistically rather than independently [35, 101]. Crisis conditions create
“entrepreneurial compression”—accelerating competency development through authen-
tic necessity [15, 102, 103]. Second, we establish that armed conflict requires fundamen-
tally different theoretical approaches than pandemic or natural disaster contexts [2, 42].
The indefinite timeline, infrastructure targeting, and severe trauma of war necessitate
frameworks emphasizing antifragility—getting stronger through stress [30]—rather
than mere resilience [30, 62]. Third, our framework reconceptualizes STEM education
as inherently entrepreneurial during crisis. The traditional separation between techni-
cal skill development and entrepreneurial mindset dissolves when survival depends on
innovative application of knowledge [17, 104—106]. This integration suggests broader
implications for STEM education design even in stable contexts [8].

6.2 Practical implications

For educators, our findings provide evidence-based strategies for maintaining educa-
tional quality despite severe constraints [50, 65]. The modular curriculum design, prob-
lem-based learning adaptations, and community integration approaches demonstrated
effectiveness across diverse crisis contexts [77, 84, 91, 94]. Particularly significant is the
finding that constraint-based innovation often yields superior learning outcomes—stu-
dents solving real problems with limited resources develop deeper understanding than
those in traditional laboratory settings [9].

Policymakers should prioritize regulatory flexibility, catalytic funding mechanisms,
and innovation capture systems [89, 107]: even initial small grants ($5000-10,000) gen-
erate 3.4x additional funding through demonstrated impact [88, 108]. Policies recog-
nizing alternative credentials, accepting distributed campus models, and validating
crisis-adapted assessments prove essential for educational continuity [24, 109].

For international organizations, genuine partnership approaches respecting local
expertise yield superior outcomes [56, 85]. The “localization principles” identified by
Menashy and Zakharia [110]—including local leadership in decision-making and direct
funding to local organizations—resulted in 78% higher sustainability compared to tradi-
tional aid models.

6.3 The Ukrainian paradigm
Ukraine’s experience offers a potential paradigm shift in crisis education [10, 57]. Rather
than viewing crisis as disruption to be endured, Ukrainian educators demonstrate how
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adversity can catalyze fundamental improvements [21, 75]. The 89% innovation adop-
tion rate, 91% community engagement, and sustained educational quality despite
extreme conditions suggest that crisis-driven transformation may achieve changes that
decades of reform efforts could not [76, 111]. However, we must avoid romanticizing
crisis. The human cost remains immense—87% of students experiencing severe psycho-
logical impact [26, 44], thousands of lives lost, and generational trauma inflicted [24, 26,
37]. Our frameworks aim not to normalize crisis but to support those forced to navigate
these circumstances while maintaining human dignity and educational opportunity [20,
41].

7 Limitations and future directions

This study faces several limitations. Language restrictions to English-language sources
may exclude valuable local innovations [58]. The ongoing nature of the Ukrainian cri-
sis prevents assessment of long-term outcomes. Publication bias toward successful cases
may underrepresent failures and challenges. Geographic focus on Ukraine, while provid-
ing rich insights, may limit generalizability to other contexts.

Future research should pursue longitudinal studies following crisis cohorts through
recovery phases [36], examine cultural factors affecting entrepreneurial education
acceptance [63], analyze unsuccessful adaptations to understand limiting factors, and
explore optimal technology integration for crisis contexts [93, 96, 112—114]. Particularly
crucial is understanding how to maintain beneficial innovations while transitioning from
crisis to stability [11, 115].

8 Conclusion

The intersection of entrepreneurial competencies, crisis pedagogy, and STEM education
resilience reveals transformative potential within devastating circumstances [13, 14].
Our systematic analysis of 301 sources demonstrates that crisis conditions can accelerate
learning, deepen community engagement, and catalyze innovations that outlast imme-
diate emergencies [7, 17]. The integrated framework we present offers evidence-based
guidance for educators, policymakers, and international organizations supporting edu-
cation in crisis contexts [18, 86].

The Ukrainian experience illuminates both human vulnerability and human poten-
tial [22, 23]. Educators transforming bombed classrooms into innovation labs, students
converting survival challenges into learning opportunities, and communities rallying to
support continued education exemplify resilience that transcends mere survival [25, 80].
While we cannot eliminate crises, we can build educational systems capable of trans-
forming adversity into growth [1, 12].

As global challenges intensify, the lessons from crisis-affected communities become
increasingly relevant [2, 4]. The entrepreneurial approaches, adaptive pedagogies, and
resilient practices documented in this study offer pathways toward educational systems
that don’t merely withstand disruption but emerge stronger [51, 95]. In supporting these
transformations, we contribute to a future where quality education remains accessible
even in humanity’s darkest hours, fostering the innovative capacity needed to address
our collective challenges.

Author contributions
S.0S. and I.S.M. conceptualized the study and developed the theoretical framework. S.0.S. wrote the main manuscript
text, with contributions from PPN. on the methodological approaches and TAV. on the contextual analysis. .S.M.



Semerikov et al. Discover Education (2026) 5:24

prepared figures and tables, and coordinated the case studies. PPN. and TA.V. contributed to the policy implications and
implementation framework sections. All authors reviewed and edited the manuscript.

Funding
This research received no specific grant from any funding agency.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 March 2025 / Accepted: 2 December 2025
Published online: 09 December 2025

References

1.

Gray S, Purpuri L, editors. Building resilient education models post crisis, p. 1-323. Hershey, PA: IGI Global; 2024. https://doi.
0rg/10.4018/979-8-3693-8125-0

McPherson A, Casanueva BA. Resilience in the face of crisis: an analysis of the Australian government’s natural disaster
resilience education program. Discourse. 2024;46(4):490-502. https://doi.org/10.1080/01596306.2024.2431032.

d'Orville H. COVID-19 causes unprecedented educational disruption: is there a road towards a new normal? Prospects.
2020;49(1-2):11-5. https;//doi.org/10.1007/511125-020-09475-0.

Wheeler M, Donovan F. Utilizing teachers to enhance student recovery through emergency educational programming: A
case study analysis of Hurricane Maria. J Emerg Manag. 2022;20(6):561-80. https://doi.org/10.5055/jem.0726.

Wyk B, Mooney G, Duma M, Faloye S. Emergency remote learning in the times of COVID: a higher education innovation
strategy. Proc Eur Conf e-Learning ECEL. 2020. p. 499-507. https://doi.org/10.34190/EEL.20.120.

Lameras P. A vision of teaching and learning with Al. In: IEEE Global Engineering Education Conference, EDUCON, 2022, p.
1796-1803. https://doi.org/10.1109/EDUCON52537.2022.9766718.

Deveci |, Konus FZ. The predictive power of Turkish Middle School students' entrepreneurial competencies on STEM
attitudes. J Entrep. 2022;31(2):425-57. https://doi.org/10.1177/09713557221097178.

Eltanahy M, Forawi S, Mansour N. Incorporating entrepreneurial practices into STEM education: development of interdisci-
plinary E-STEM model in high school in the United Arab Emirates. Thinking Skills Creativity. 2020;37:100697. https://doi.org
/10.1016/j.t¢.2020.100697.

Kaya-Capocci S, Pabuccu-Akis A, Orhan-Ozteber N. Entrepreneurial STEM education: enhancing students' resourcefulness
and problem-solving skills. Res Sci Educ. 2025;55(1):103-34. https://doi.org/10.1007/511165-024-10189-y.

Sitnicki MW, Horbas |, Derkach O, Flowers A, Wielewska |, Tucki K, et al. Development and support of Ukrainian Domestic
Entrepreneurship in the knowledge economy. Sustainability. 2024;16(13):5682. https://doi.org/10.3390/su16135682.
Foxon TJ, Reed MS, Stringer LC. Governing long-term social-ecological change: what can the adaptive management and
transition management approaches learn from each other? Environ Policy Gov. 2009;19(1):3-20. https://doi.org/10.1002/e
et496.

Tarricone P, Mestan K, Teo . A policy monitoring framework to prepare for, respond to, and recover from education in
emergencies. Educ Inquiry. 2023;16(3):459-86. https://doi.org/10.1080/20004508.2023.2260105.

Barrett CB, Ghezzi-Kopel K, Hoddinott J, Homami N, Tennant E, Upton J, et al. A scoping review of the development resil-
ience literature: theory, methods and evidence. World Dev. 2021;146:105612. https://doi.org/10.1016/jworlddev.2021.105
612.

Gonzélez-Lépez MJ, Perez-Lopez MC, Rodriguez-Ariza L. Clearing the hurdles in the entrepreneurial race: the role of resil-
ience in entrepreneurship education. Acad Manag Learning Educ. 2019;18(3):457-83. https://doi.org/10.5465/amle.2016.0
377.

Akula SC, Singh P Impact of COVID 19 on entrepreneurship: a systemetic literature review. Int J eBus eGovern Stud.
2021;13(1):1-22. https://doi.org/10.34111/ijebeg.202113101.

Litvinov A, Gardner A, Pradhan S, Childers J. Beyond planned learning objectives: entrepreneurial education as the source
of accidental competencies for engineering students. In: 9th Research in Engineering Education Symposium and 32nd
Australasian Association for Engineering Education Conference, 2021, vol. 1, p. 472-480. https://doi.org/10.52202/06648
8-0052.

Joao IM, Silva JM. Cultivating entrepreneurship in higher education during a crisis condition: crisis related issues discussed
in entrepreneurship literature. In: IEEE Global Engineering Education Conference, EDUCON, 2021. p. 679-688. https://doi.o
rg/10.1109/EDUCON46332.2021.9453935.

Chow RS, Lam CM, King . Crisis resilience pedagogy (CRP) for teaching and learning. In: Proceedings of 2020 IEEE Interna-
tional Conference on Teaching, Assessment, and Learning for Engineering, TALE 2020, p. 384-391. https://doi.org/10.1109/
TALE48869.2020.9368496.

Shlenova M, Konoplenko N, Yuryeva K, Korneiko Y, Hlukhovska M. Comparative analysis of the distance learning imple-
mentation in Ukrainian system of higher education during the COVID-19 pandemic and martial law. Interactive Learning
Environ. 2024;32(9):4968-77. https://doi.org/10.1080/10494820.2023.2207196.

Page 9 of 13


https://doi.org/10.4018/979-8-3693-8125-0
https://doi.org/10.4018/979-8-3693-8125-0
https://doi.org/10.1080/01596306.2024.2431032
https://doi.org/10.1007/s11125-020-09475-0
https://doi.org/10.5055/jem.0726
https://doi.org/10.34190/EEL.20.120
https://doi.org/10.1109/EDUCON52537.2022.9766718
https://doi.org/10.1177/09713557221097178
https://doi.org/10.1016/j.tsc.2020.100697
https://doi.org/10.1016/j.tsc.2020.100697
https://doi.org/10.1007/s11165-024-10189-y
https://doi.org/10.3390/su16135682
https://doi.org/10.1002/eet.496
https://doi.org/10.1002/eet.496
https://doi.org/10.1080/20004508.2023.2260105
https://doi.org/10.1016/j.worlddev.2021.105612
https://doi.org/10.1016/j.worlddev.2021.105612
https://doi.org/10.5465/amle.2016.0377
https://doi.org/10.5465/amle.2016.0377
https://doi.org/10.34111/ijebeg.202113101
https://doi.org/10.52202/066488-0052
https://doi.org/10.52202/066488-0052
https://doi.org/10.1109/EDUCON46332.2021.9453935
https://doi.org/10.1109/EDUCON46332.2021.9453935
https://doi.org/10.1109/TALE48869.2020.9368496
https://doi.org/10.1109/TALE48869.2020.9368496
https://doi.org/10.1080/10494820.2023.2207196

Semerikov et al. Discover Education (2026) 5:24

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Sibruk AV, Lytvynska SV, Koshetar UP, Senchylo-Tatlilioglu NO, Stetsyk CM, Diachuk TM, et al. Ukrainian education system:
war challenges. Multidiscipl Sci J. 2023;5:2023-0502. https://doi.org/10.31893/multiscience.2023s50502.

Lugowyi V, Kalashnikova S, Talanova Z, Vlasova |. Transformation of higher education in Ukraine: impact of the war and
objectives for post-war recovery. Eur J Educ. 2023;58(4):611-28. https://doi.org/10.1111/ejed.12584.

Martynets L, Shyba A, Kochetkova |, Krupiei K, Rud A. The impact of the war on the development of higher education in
Ukraine: experience for EU countries. Academia. 2024;3536:28-9. https://doi.org/10.26220/aca.5001.

Trunova I, Arhun S, Hnatov A, Apse-Apsitis P, Kunicina N, Myhal V. Sustainable approach development for education of
electrical engineers in long-term online education conditions. Sustainability. 2023;15(18):3289. https://doi.org/10.3390/su
151813289.

Hrynevych L. Emergency responses of the Ukrainian School Education System on the Russian Full-scale Invasion. In: Gut-
man M, Editor. Challenges facing education leadership in the shadow of war: international and multicultural perspectives
from zones of conflict. London: Routledge; 2024. p. 64-74. https://doi.org/10.4324/9781003571575-10.

Borshchevskyi V, Tsybulska J, Chemerys V. Governance priorities for the post-war development and European integration
of rural local communities in Ukraine. Stud Agric Econ. 2024;126(2):75-83. https://doi.org/10.7896/}.2876.

Maslova'Y, Ulianova V. The impact of martial law in Ukraine on the motivation for studying among students at universities.
Youth Voice J. 2024;14(3 Special issue):129-39.

Ovcharuk O, Ivaniuk |, Leshchenko M. Impact of school lockdown on access to online instruction during the war in
Ukraine. Eur J Educ. 2023;58(4):561-74. https://doi.org/10.1111/ejed.12589.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:71. https://doi.org/10.1136/bmj.n71.

Braun'V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3(2):77-101. https://doi.org/10.1191/1478
088706gp0630a.

Osiyevskyy O, Sinha KK, Sarkar S, Dewald J. Thriving on adversity: entrepreneurial thinking in times of crisis. J Bus Strateg.
2023;44(1):21-9. https://doi.org/10.1108/JBS-06-2021-0110.

Behr R, Storr VH. Understanding pandemic entrepreneurship as a unique form of crisis entrepreneurship. J Entrepreneur-
ship Public Policy. 2022;11(4):309-31. https://doi.org/10.1108/JEPP-07-2022-0074.

Brahm T, Grewe U. Entrepreneurial competencies in student companies at school: development of a research instrument.
In: Block JH, Halberstadt J, Hogsdal N, Kuckertz A, Neergaard H, editors. Progress in entrepreneurship education and train-
ing: new methods, tools, and lessons learned from practice. Cham: Springer; 2023. p. 107-119. https://doi.org/10.1007/97
8-3-031-28559-2_8.

Joao IM, Silva JM. Exploring Students Entrepreneurial Mindset: Insights to Foster Entrepreneurship in Engineering Educa-
tion. In: IEEE Global Engineering Education Conference, EDUCON, pp. 530-537. 2018. https://doi.org/10.1109/EDUCON.20
18.8363276

Jardim J, Pereira A, Bartolo A. Development and psychometric properties of a scale to measure resilience among Portu-
guese University students: resilience scale-10. Educ Sci. 2021;11(2):61. https://doi.org/10.3390/educsci1 1020061.

Xiling H, Xuan C, Kang L, Jingjing D, Yuqi T. The mechanism of impact entrepreneurial resilience on entrepreneurial perfor-
mance based on conservation of resources theory. J Ind Eng Eng Manag. 2024;38(5):39-51. https://doi.org/10.13587/j.cnki
jieem.2024.05.003.

Espinoza-Benavides J, Guerrero M. Re-entrepreneurial experience and learning during challenging times. Small Bus Econ.
2025;64(1):59-92. https://doi.org/10.1007/511187-024-00892-5.

Kuzmina SA, Foo SF, Matviienko OV, Glazunova TV (2023) Advancing internationalization agenda amidst the war in
Ukraine: kindness and trauma-informed teaching project in teacher education. In: International Conference on Higher
Education Advances. p. 83-90. https://doi.org/10.4995/HEAd23.2023.16252.

Kosenchuk O, Tarnavska N. Mental health in education for crisis-affected preschool children: multilevel monitoring. Ment
Health Glob Chall. 2024;7(1):95-117. https://doi.org/10.56508/mhgcj.v7i1.235.

Brock SE, Nickerson AB, Reeves MA, Savage TA, Woitaszewski SA. Development, evaluation, and future directions of the
PREPaRE school crisis prevention and intervention training curriculum. J Sch Violence. 2011;10(1):34-52. https://doi.org/10
.1080/15388220.2010.519268.

Morioka S, Tan BH, Kikuchi H, Asai Y, Suzuki T, Ashida S, et al. Factors associated with prolonged psychological dis-

tress among nurses and physicians engaged in COVID-19 patient care in Singapore and Japan. Front Psychiatry.
2022;13:781796. https://doi.org/10.3389/fpsyt.2022.781796.

IIkiv O, Krasovska O, Yuliia P, Andrii Y, Zavatska L. The efficiency of distance learning in Ukrainian higher education institu-
tions during the martial law period. In: International Conference on Information and Digital Technologies 2023, IDT 2023,
2023. p. 79-84. https://doi.org/10.1109/IDT59031.2023.10194396.

Crompton H, Burke D, Jordan K, Wilson SWG. Learning with technology during emergencies: a systematic review of K-12
education. Br J Edu Technol. 2021;52(4):1554-75. https://doi.org/10.1111/bjet.13114.

Tishchenko O, Bugayets N, Kosychenko V, Volchukova V, Yefimova O. Peculiarities of choreographic education in higher
education establishments in Ukraine during the Covid-19 pandemic: A phenomenological analysis. Multidiscip Rev.
2025;8(2):2025053. https://doi.org/10.31893/MULTIREV.2025053.

Turkmen S, Kahal S, Majed K, Ahmed A, Qureshi |, Khan Z, et al. Influence of Ukraine war on the foreign medical students.
Qatar Med J. 2024;2024(4):66. https://doi.org/10.5339/qm;j.2024.66.

Liu S, Haucke MN, Heinzel S, Heinz A. Long-term impact of economic downturn and loneliness on psychological distress:
triple crises of COVID-19 pandemic. J Clin Med. 2021;10(19):4596. https://doi.org/10.3390/jcm10194596.

Whittaker L, Pearson H. Dancing in the storm: finessing emergency remote teaching in the COVID-19 pandemic. Emerald
Emerg Mark Case Stud. 2021;11(4):1-21. https://doi.org/10.1108/EEMCS-06-2021-0200.

Logemann M, Aritz J, Cardon P, Swartz S, Elhaddaoui T, Getchell K, et al. Standing strong amid a pandemic: how a global
online team project stands up to the public health crisis. Br J Edu Technol. 2022;53(3):577-92. https://doi.org/10.1111/bjet.
13189.

Klymenko EY, Alpeissova SE. The Experience of Ukraine and Kazakhstan of digitalization education under quarantine
conditions. In: Antipova T, editor. Advances in digital science. Advances in Intelligent Systems and Computing. Cham:
Springer; 2021. p. 161-172. https://doi.org/10.1007/978-3-030-71782-7_15.

Page 10 of 13


https://doi.org/10.31893/multiscience.2023ss0502
https://doi.org/10.1111/ejed.12584
https://doi.org/10.26220/aca.5001
https://doi.org/10.3390/su151813289
https://doi.org/10.3390/su151813289
https://doi.org/10.4324/9781003571575-10
https://doi.org/10.7896/j.2876
https://doi.org/10.1111/ejed.12589
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1108/JBS-06-2021-0110
https://doi.org/10.1108/JEPP-07-2022-0074
https://doi.org/10.1007/978-3-031-28559-2_8
https://doi.org/10.1007/978-3-031-28559-2_8
https://doi.org/10.1109/EDUCON.2018.8363276
https://doi.org/10.1109/EDUCON.2018.8363276
https://doi.org/10.3390/educsci11020061
https://doi.org/10.13587/j.cnki.jieem.2024.05.003
https://doi.org/10.13587/j.cnki.jieem.2024.05.003
https://doi.org/10.1007/s11187-024-00892-5
https://doi.org/10.4995/HEAd23.2023.16252
https://doi.org/10.56508/mhgcj.v7i1.235
https://doi.org/10.1080/15388220.2010.519268
https://doi.org/10.1080/15388220.2010.519268
https://doi.org/10.3389/fpsyt.2022.781796
https://doi.org/10.1109/IDT59031.2023.10194396
https://doi.org/10.1111/bjet.13114
https://doi.org/10.31893/MULTIREV.2025053
https://doi.org/10.5339/qmj.2024.66
https://doi.org/10.3390/jcm10194596
https://doi.org/10.1108/EEMCS-06-2021-0200
https://doi.org/10.1111/bjet.13189
https://doi.org/10.1111/bjet.13189
https://doi.org/10.1007/978-3-030-71782-7_15

Semerikov et al. Discover Education (2026) 5:24

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Murai Y, Muramatsu H. Application of creative learning principles within blended teacher professional development

on integration of computer programming education into elementary and middle school classrooms. Inform Learn Sci.
2020;121(7-8):665-75. https://doi.org/10.1108/IL.S-04-2020-0122.

Petryk K, Nesterenko M, Mytsyk H, Kovachov S, Kryvylova O, Suchikova Y. A cross-specialization study of pre-service teach-
ers' perception of STEM education. Int J Sci Educ. 2024. https://doi.org/10.1080/09500693.2024.2432489.

Foster C, Burkhardt H, Schoenfeld A. Crisis-ready educational design: the case of mathematics. Curric J. 2022;33(4):519-35.
https://doi.org/10.1002/curj.159.

El Zerbi C, Hartopp N, Ramsay A, Marlow S. More tangible and less theoretical: Understandings and experiences of
neighbourhood-led Mutual Aid groups during the COVID-19 pandemic. J Civil Soc. 2022;18(4):453-67. https://doi.org/10.1
080/17448689.2022.2164027.

Pandey CL. Making communities disaster resilient: challenges and prospects for community engagement in Nepal. Disast
Prevent Manag Int J. 2019;28(1):106-18. https://doi.org/10.1108/DPM-05-2018-0156.

Nguyen B, Tran H-A, Stephan U, Van HN, Anh PTH. | can't get it out of my mind - why, how, and when crisis rumination
leads entrepreneurs to act and pivot during crises. J Bus Ventur. 2024;39(4):106395. https://doi.org/10.1016/jjbusvent.2024
.106395.

Secundo G, Mele G, Vecchio PD, Elia G, Margherita A, Ndou V. Threat or opportunity? A case study of digital-enabled
redesign of entrepreneurship education in the COVID-19 emergency. Technol Forecast Soc Change. 2021;166:120565. htt
ps://doi.org/10.1016/j.techfore.2020.120565.

Allaf C. Globalization and global relief education. In: Zajda J, editor. Second International Handbook on Globalisation,
Education and Policy Research. Dordrecht: Springer; 2015. p. 321-335. https://doi.org/10.1007/978-94-017-9493-0_19.
Londar S, Bakhrushyn V, Gapon V, Londar L, Pron N, Dmytriieva M. Assessment of the efficiency of budgetary funding of
general secondary education in Ukraine. Fin Credit Activity Problems Theory Practice. 2024;1(54):564-77. https://doi.org/1
0.55643/fcaptp.1.54.2024.4290.

Shevchenko V. The reform of the higher education of Ukraine in the conditions of the military-political crisis. Int J Educ
Dev. 2019,65:237-53. https://doi.org/10.1016/j.ijedudev.2018.08.009.

Yin RK. Case study research and applications: design and methods. 6th ed. Thousand Oaks, CA: SAGE Publications; 2018.
Parsyak VN, Solyesvik M, Parsyak KV. Economic aspects in formation and development of entreprpreneurship education.
Actual Problems Econ. 2014;155(5):126-33.

Marcazzan E, Campagnolo D, Gianecchini M. Reaction or anticipation? Resilience in small- and medium-sized enterprises.
J Small Bus Enterp Dev. 2022,29(5):764-88. https://doi.org/10.1108/JSBED-07-2021-0271.

Bhardwaj S. A conceptual approach: relationship between crisis, resilience, and entrepreneurial actions. Glob Bus Econ
Rev. 2024;30(1):93-106. https://doi.org/10.1504/GBER.2024.135292.

Vatamanyuk O, Sukharska I. The institution of entrepreneurship in economic system of Ukraine. Econ Ann XXI.
2013,5-6(1):14-7.

Stoliaryk O, Korniat V, Hertsyuk D. Strengthening social responsibility: Ukrainian Universities' third mission Amidst war. New
Educ Rev. 2024;76(2):51-62. https://doi.org/10.15804/TNER.2024.76.2.04.

Salehi S, Demara RF. Virtualized active learning for undergraduate engineering disciplines (VALUED): a Pilot in a large
enrollment STEM classroom. In: Proceedings - Frontiers in Education Conference, FIE. 2019. https://doi.org/10.1109/FIE439
99.2019.9028455.

Levchuk KI, Levchuk OV, Husak LP, Havryliuk NM, Lozovskyi OM. Regional features of Ukrainian higher education in war-
time conditions. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. 2024;1:185-90. https://doi.org/10.33271/nvngu
/2024-1/185.

Kleinheksel AJ, Chen W, Rudd MJ, Drowos J, Gupta S, Minor S, et al. Putting reflection back into practice: Kolb's theory of
experiential learning as a theoretical framework for just-in-time faculty development. SN Soc Sci. 2023;3(3):59. https://doi.
0rg/10.1007/543545-023-00649-z.

Sikora Y, Chernykh V, Shaforost Y, Danylyuk S, Chemerys I. Leveraging gamification and game-based technologies for
educational purposes. Multidiscipl Rev. 2024;7:1-9. https://doi.org/10.31893/multirev.2024spe008.

Cheng K-F, Chang A, Chang M, Heh J-S. Providing supplemental teaching materials in order based on the rough set
theory. In: Proceedings - 5th IEEE International Conference on Advanced Learning Technologies, ICALT 2005, vol. 2005,
2005. p. 679-681. https://doi.org/10.1109/ICALT.2005.228.

Massa NM, Donnelly J, Hanes F. Student reactions to problem-based learning in photonics technician education. In: Costa
MFPCM, Zghal M, editors. 12th Education and Training in Optics and Photonics Conference. 2014;,9289:928918. https://doi.
org/10.1117/12.2070518.

Ahmed AE, Awadallah AA, Tagelsir M, Suliman MA, Eltigani A, Elsafi H, et al. Delivering blended bioinformatics training in
resource-limited settings: a case study on the University of Khartoum H3ABioNet node. Brief Bioinform. 2020,21(2):719-28.
https://doi.org/10.1093/bib/bbz004.

Storozhuk S, Petraniuk A, Lenov A, Shkil S, Borynska O, Tovmash D, et al. A healthy society: social challenges of digitaliza-
tion and the ways to overcome them (the Ukrainian experience). Wiadomosci lekarskie. 2023;76(9):2103-11. https://doi.or
9/10.36740/WLek202309129.

Mamediieva G, Moynihan D. Digital resilience in wartime: the case of Ukraine. Public Adm Rev. 2023;83(6):1512-6. https://
doi.org/10.1111/puar.13742.

Shkuropadska D, Tokar V, Purdenko O, Lotariev A, Savchuk K. Digital resilience of the Bucharest Nine and Ukraine. Int J Econ
Fin Issues. 2025;15(1):24-31. https://doi.org/10.32479/ijefi.17233.

Kononova N, Berbyuk Lindstrom N, Panchuk A. Teaching and learning amid war crisis: perceptions of Ukrainian academic
staff and students on online education. IBIMA Bus Rev. 2024;2024:465847. https://doi.org/10.5171/2024.465847.
Baklazhenko Y, Kornieva Z. Higher education in the crisis period: a comparative analysis of the Ukrainian experience of
online or blended tefl during the pandemic and the war. XLinguae. 2023;16(2):100-14. https://doi.org/10.18355/XL.2023.1
6.02.08.

Breen KC, Dotson ME, Madonna MC, Asturias G, Pefia DM, Springate H, et al. Community-centered design thinking as a
scalable STEM learning intervention. Adv Eng Educ. 2023;11(2):2-33. https://doi.org/10.18260/3-1-1153-36042.

Page 11 of 13


https://doi.org/10.1108/ILS-04-2020-0122
https://doi.org/10.1080/09500693.2024.2432489
https://doi.org/10.1002/curj.159
https://doi.org/10.1080/17448689.2022.2164027
https://doi.org/10.1080/17448689.2022.2164027
https://doi.org/10.1108/DPM-05-2018-0156
https://doi.org/10.1016/j.jbusvent.2024.106395
https://doi.org/10.1016/j.jbusvent.2024.106395
https://doi.org/10.1016/j.techfore.2020.120565
https://doi.org/10.1016/j.techfore.2020.120565
https://doi.org/10.1007/978-94-017-9493-0_19
https://doi.org/10.55643/fcaptp.1.54.2024.4290
https://doi.org/10.55643/fcaptp.1.54.2024.4290
https://doi.org/10.1016/j.ijedudev.2018.08.009
https://doi.org/10.1108/JSBED-07-2021-0271
https://doi.org/10.1504/GBER.2024.135292
https://doi.org/10.15804/TNER.2024.76.2.04
https://doi.org/10.1109/FIE43999.2019.9028455
https://doi.org/10.1109/FIE43999.2019.9028455
https://doi.org/10.33271/nvngu/2024-1/185
https://doi.org/10.33271/nvngu/2024-1/185
https://doi.org/10.1007/s43545-023-00649-z
https://doi.org/10.1007/s43545-023-00649-z
https://doi.org/10.31893/multirev.2024spe008
https://doi.org/10.1109/ICALT.2005.228
https://doi.org/10.1117/12.2070518
https://doi.org/10.1117/12.2070518
https://doi.org/10.1093/bib/bbz004
https://doi.org/10.36740/WLek202309129
https://doi.org/10.36740/WLek202309129
https://doi.org/10.1111/puar.13742
https://doi.org/10.1111/puar.13742
https://doi.org/10.32479/ijefi.17233
https://doi.org/10.5171/2024.465847
https://doi.org/10.18355/XL.2023.16.02.08
https://doi.org/10.18355/XL.2023.16.02.08
https://doi.org/10.18260/3-1-1153-36042

Semerikov et al. Discover Education (2026) 5:24

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

9.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Krone T, Dahlheimer SM, Matteucci SP. Engagement in practice: innovating a project-based, community engaged course
for engineering students that fosters ethical thinking. In: ASEE Annual Conference and Exposition, Conference Proceed-
ings. 2024.

Pramana E, Jagadhita DA, Turnip SS. Youth ambassadors for disaster preparedness: using psychological first aid in times of
crisis. IOP Conf Ser Earth Environ Sci. 2021;673(1):012053. https://doi.org/10.1088/1755-1315/673/1/012053.

Matveieva O, Mamatova T, Borodin Y, Gustafsson M, WihIborg E, Kvitka S. Digital government in conditions of war: gover-
nance challenges and revitalized collaboration between local authorities and civil society in provision of public services in
Ukraine. In: Proceedings of the Annual Hawaii International Conference on System Sciences, 2024. p. 2002-2011.
Buturlina O, Dovhal S, Hryhorov H, Lysokolenko T, Palahuta V. STEM education in Ukraine in the context of sustainable
development. Eur J Sustain Dev. 2021;10(1):323-38. https://doi.org/10.14207/ejsd.2021.v10n1p323.

Elkin O, Marushchenko O, Masalitina O, Rasskazova O, Drozhzhyna T, Zhurba K. Civil society organisations transforming
teacher professional development: social, emotional, and ethical learning in wartime Ukraine. Eur J Educ. 2023;58(4):595-
610. https://doi.org/10.1111/ejed.12596.

Rouvrais S, Liem I, Audunsson H, Gerwel CP. If you please, draw me a resilient curriculum! In: Proceedings of the Interna-
tional CDIO Conference, 2022. p. 588-598.

Kolesnykova TO, Corti P, Buist-Zhuk M. European practices of overcoming language barriers in times of crisis: open
educational resources. University library at a new stage of social communications development. Conf Proc. 2022,7:202-17.
https://doi.org/10.15802/unilib/2022_270952.

Woltran F, Hassani S, Schwab S. Schooling of refugee students from Ukraine in Austria and its risk for creating educational
inequity. J Language Identity Educ. 2023. https://doi.org/10.1080/15348458.2023.2275741.

Eltanahy M, Mansour N. Developing a rubric for assessing students' competencies in entrepreneurial-STEM learning
context. Innov Educ Teaching Int. 2025;62(1):249-65. https://doi.org/10.1080/14703297.2024.2311701.

Kaim A, Siman-Tov M, Adini B, Lev-ari S. An innovative tool to assess the functional resilience of a school system: learning
from the COVID-19 pandemic. Front Psychol. 2023;14:1291621. https://doi.org/10.3389/fpsyg.2023.1291621.

Pittaway L, Benedict P, Bedd Z, Erdés K, Flournoy E. Exploring venture funding in the entrepreneurial university. In: Informa-
tion Resources Management Association, editor. Research anthology on microfinance services and roles in social progress,
p. 211-231. Hershey, PA: IGI Global Scientific Publishing; 2022. https://doi.org/10.4018/978-1-6684-7552-2.ch012.

ShiY, Pyne K, Kulophas D, Bangpan M. Exploring equity in educational policies and interventions in primary and second-
ary education in the context of public health emergencies: A systematic literature review. Int J Educ Res. 2022;111:101911.
https://doi.org/10.1016/}.jer.2021.101911.

Lee SY, Jung M. Exploring competing perspectives on how to design open innovation program for high school STEM
education: a case study. Educ Sci. 2021;11(7):322. https://doi.org/10.3390/educsci1 1070322.

Zhang C, Jia B. Enriching STEAM education with visual art: education benefits, teaching examples, and trends. Discov
Educ. 2024;3(1):247. https://doi.org/10.1007/544217-024-00354-w.

Flink I, Avildsen C, Mabunda M, Yisa C, Teh H, Perez R. Mixed methods study supporting the piloting and scaling of a
Gender-Responsive Play-Based Learning training package for pre-primary teachers in Rwanda and Mozambique. Soc Sci
Humanities Open. 2024;10:101151. https://doi.org/10.1016/j.ssah0.2024.101151.

LuJC, LiuV, Jin J, Olkowski P, Jin Y-F. Cultivating robotic professionals: a learning-practice-service educational framework.
In: ASEE Annual Conference and Exposition, Conference Proceedings, 2024.

Dart S, Spratt B. Personalised emails in first-year mathematics: exploring a scalable strategy for improving student experi-
ences and outcomes. Student Success. 2020;11(2):1-12. https://doi.org/10.5204/5s}.1543.

Al-Bahi AM, Abd-Elwahed MS, Soliman AY. Implementation of sustainability indicators in engineering education using a
combined balanced scorecard and quality function deployment approaches. Sustainability. 2021;13(13):83. https://doi.org
/10.3390/5u13137083.

Stavroulia KE, Aedo |, Diaz P, Lanitis A. Virtual-reality based crisis management training for teachers: an overview of the
VRTEACHER project. In: SIIE 2021 - 2021 International Symposium on Computers in Education, 2021. https://doi.org/10.11
09/511E53363.2021.9583628.

Winkens A, Engelhardt F, Leicht-Scholten C. Resilience-related competencies in engineering education—mapping ABET,
EUR-ACE and CDIO criteria. In: SEFI 2023 - 51st Annual Conference of the European Society for Engineering Education:
Engineering Education for Sustainability, Proceedings. 2023. p. 1498-1507. https://doi.org/10.21427/B7ZX-QS66.

Zamfir A-M, Mocanu C, Grigorescu A. Resilient entrepreneurship among European higher education graduates. Sustain-
ability. 2018;10(8):2594. https://doi.org/10.3390/5u10082594.

Shemran RP, Clark RM, Bilec MM, Landis AE, Parrish K. Developing a framework to better engage students in STEM via
game design: findings from year 1. In: ASEE Annual Conference and Exposition, Conference Proceedings. 2017.

Fiialka S, Kornieva Z. Journalism education in times of war: new challenges and adaptation strategies. Adv Educ.
2024;25:25-43. https://doi.org/10.20535/2410-8286.316512.

Hall SS, McGill RM, Puttick S, Maltby J. Resilience, science, technology, engineering, and mathematics (STEM), and anger: a
linguistic inquiry into the psychological processes associated with resilience in secondary school STEM learning. Br J Educ
Psychol. 2022;92(3):1215-38. https://doi.org/10.1111/bjep.12496.

Rudiger K, Peris-Ortiz M, Blanco-Gonzélez A, editors. Entrepreneurship, innovation and economic crisis: lessons for
research, policy and practice. Cham: Springer; 2014. https://doi.org/10.1007/978-3-319-02384-7.

Portuguez Castro M, Gomez Zermeno MG. Being an entrepreneur post-COVID-19—resilience in times of crisis: a system-
atic literature review. J Entrepreneurship Emerg Econ. 2020;13(4):721-46. https://doi.org/10.1108/JEEE-07-2020-0246.
Sumathi K, Padhy PC. Educational foundations for resilient Indian entrepreneurs—an empirical study. Multidiscipl Rev.
2024;7(5):2024093.

Linge N, Parsons D. Problem-based learning as an effective tool for teaching computer network design. IEEE Trans Educ.
2006;49(1):5-10. https://doi.org/10.1109/TE.2005.852600.

Cakir H, Bayir OO. Building resilience in education: ensuring quality learning amid crises and disruptions. In: Dulay S, editor.
Empowering Educational Leaders: How to Thrive in a Volatile, Uncertain, Complex and Ambiguous World, p. 79-95. New
York: Peter Lang Publishing Inc,; 2023. https://doi.org/10.3726/b21086.

Aguilar P, Heusser P. The Geneva global hub for education in emergencies: a new ally for education in emergencies. Pros-
pects. 2023;53(1-2):3-13. https://doi.org/10.1007/511125-022-09609-6.

Page 12 of 13


https://doi.org/10.1088/1755-1315/673/1/012053
https://doi.org/10.14207/ejsd.2021.v10n1p323
https://doi.org/10.1111/ejed.12596
https://doi.org/10.15802/unilib/2022_270952
https://doi.org/10.1080/15348458.2023.2275741
https://doi.org/10.1080/14703297.2024.2311701
https://doi.org/10.3389/fpsyg.2023.1291621
https://doi.org/10.4018/978-1-6684-7552-2.ch012
https://doi.org/10.1016/j.ijer.2021.101911
https://doi.org/10.3390/educsci11070322
https://doi.org/10.1007/s44217-024-00354-w
https://doi.org/10.1016/j.ssaho.2024.101151
https://doi.org/10.5204/ssj.1543
https://doi.org/10.3390/su13137083
https://doi.org/10.3390/su13137083
https://doi.org/10.1109/SIIE53363.2021.9583628
https://doi.org/10.1109/SIIE53363.2021.9583628
https://doi.org/10.21427/B7ZX-QS66
https://doi.org/10.3390/su10082594
https://doi.org/10.20535/2410-8286.316512
https://doi.org/10.1111/bjep.12496
https://doi.org/10.1007/978-3-319-02384-7
https://doi.org/10.1108/JEEE-07-2020-0246
https://doi.org/10.1109/TE.2005.852600
https://doi.org/10.3726/b21086
https://doi.org/10.1007/s11125-022-09609-6

Semerikov et al. Discover Education (2026) 5:24

108.

109.

110.

1.

112

113.

114.

115.

Stevenson R, Kier AS, Taylor SG. Do policy makers take grants for granted? The efficacy of public sponsorship for innovative
entrepreneurship. Strateg Entrep J. 2021;15(2):231-53. https://doi.org/10.1002/sej.1376.

Skrylnik A, Valiavskiy S, Voloshina O. Inclusive entrepreneurship infrastructure development special aspects in Ukraine. Int J
Eng Technol. 2018;7(3):425-30. https://doi.org/10.14419/ijet.v7i3.2.14565.

Menashy F, Zakharia Z. Reconsidering partnerships in education in emergencies. Educ Policy Anal Arch. 2022;30:144.
https://doi.org/10.14507/EPAA.30.7008.

Kuzheliev M, Zherlitsyn D, Nechyporenko A, Lutkovska S, Mazur H. Distance learning as a tool for enhancing university
academic management processes during the war. Problems Perspect Manag. 2023;21(2):23-30. https://doi.org/10.21511/
ppm.21(2-5i).2023.04.

Rumyantseva NL, Logvynenko Ol, Chilina EV. Europe: Ukraine: The crisis of Ukrainian higher education reform: moving
towards a trauma informed understanding. In: Jameson J, editor. International Perspectives on Leadership in Higher
Education: Critical Thinking for Global Challenges. London: Routledge; 2019. p. 114-129. https://doi.org/10.4324/9781315
122410-11.

Jalala S, Latifoglu G, Uzunboylu H. Strength-based approach for building resilience in school children: the case of Gaza
[Enfoque basado en la fortaleza para desarrollar la resiliencia en los escolares: El caso de Gazal. Anales de Psicologia.
2020;36(1):1-11. https://doi.org/10.6018/analesps.343501.

Marlowe P, Frezza ST, Gallagher JS, O'Brien MA, Bierstetel SJ. Assessing resilience as a virtue in learners: development of a
new scale for academic resilience. In: 2023 ASEE Annual Conference & Exposition. ASEE Conferences, Baltimore, Maryland.
2023.10.18260/1-2-42305.

Wang Y-C, Lin S-W, Lee C-H. Conducting an evaluation framework for disaster management under adaptive organization
change in a school system. Sustainability. 2020;12(16):6615. https://doi.org/10.3390/5u12166615.

Page 13 of 13


https://doi.org/10.1002/sej.1376
https://doi.org/10.14419/ijet.v7i3.2.14565
https://doi.org/10.14507/EPAA.30.7008
https://doi.org/10.21511/ppm.21(2-si).2023.04
https://doi.org/10.21511/ppm.21(2-si).2023.04
https://doi.org/10.4324/9781315122410-11
https://doi.org/10.4324/9781315122410-11
https://doi.org/10.6018/analesps.343501
https://doi.org/10.3390/su12166615

	﻿Resilience through crisis: an integrated framework for entrepreneurial STEM education in conflict-affected contexts
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Theoretical integration and analytical framework
	﻿2.1﻿ ﻿Conceptual foundations
	﻿2.2﻿ ﻿Comparative crisis analysis

	﻿3﻿ ﻿Methodology
	﻿4﻿ ﻿Findings: crisis-driven educational transformation
	﻿4.1﻿ ﻿Accelerated competency development
	﻿4.2﻿ ﻿Pedagogical innovations and adaptations
	﻿4.3﻿ ﻿Institutional transformation patterns

	﻿5﻿ ﻿Implementation framework
	﻿6﻿ ﻿Discussion and implications
	﻿6.1﻿ ﻿Theoretical contributions
	﻿6.2﻿ ﻿Practical implications
	﻿6.3﻿ ﻿The Ukrainian paradigm

	﻿7﻿ ﻿Limitations and future directions
	﻿8﻿ ﻿Conclusion
	﻿References


