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Digital dependence can support educational continuity during disasters and other major disrup-
tions, but it can also magnify existing inequalities when access and institutional capacity are uneven.
This study assessed digital risk and institutional preparedness for artificial intelligence (Al)-enabled
education in Sherpur Sadar Upazila, Bangladesh. A convergent mixed-methods design combined a
14-item survey of 207 students from five urban and three rural educational institutions with quali-
tative evidence from 25 education stakeholders. Survey data were analyzed descriptively, with non-
response treated as missing; qualitative data were examined thematically and integrated through
a joint display. Students strongly supported government investment in rural digital access (98.1%)
and greater institutional use of technology (74.9%). At the same time, 72.5% reported that technology
was difficult to use, 66.7% identified financial barriers, and more than 84% reported social or family
constraints. Qualitative findings identified interconnected vulnerabilities involving infrastructure
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deficits, gendered digital exclusion, limited teacher preparation, weak technical and institutional
support, socio-cultural restrictions, and policy-implementation gaps. The integrated findings reveal
a preparedness paradox: favorable attitudes toward technology coexist with conditions that can un-
dermine equitable participation and continuity during floods, cyclones, public-health emergencies,
infrastructure failures, and other disruptions. Educational resilience therefore requires reliable con-
nectivity and electricity, affordable devices, offline and backup learning arrangements, teacher ca-
pacity development, gender-responsive access measures, accountable Al governance, and the inte-
gration of digital continuity into institutional disaster-preparedness planning. The study contributes
a risk-informed interpretation of technology acceptance while avoiding claims that the instrument
constitutes a full validation of TAM3 or a direct measure of actual Al use.

KEYWORDS

artificial intelligence; digital risk; educational continuity; institutional preparedness; disaster resil-
ience; Bangladesh.

1. Introduction

Artificial intelligence and other digital technologies can expand access to learning, support adaptive
assessment, and provide new forms of feedback and educational assistance. Their benefits, however,
depend on reliable infrastructure, affordability, digital literacy, teacher readiness, and governance
arrangements that enable safe and equitable use (Alam et al., 2024; Siddiquee & Islam, 2024; Sultana
& Faruk, 2024; UNESCO, 2021). In low-resource settings, these enabling conditions are unevenly
distributed, and positive attitudes toward technology do not necessarily translate into sustained or
effective use.

The problem is directly relevant to disaster risk management. Floods, cyclones, public-health emer-
gencies, electricity failures, and other disruptive events can interrupt face-to-face instruction and
increase dependence on remote or technology-supported learning. When connectivity, devices,
teacher capacity, or household access are weak, the shift to digital delivery can amplify pre-existing
educational vulnerability rather than protect continuity (Islam et al., 2026; Salam et al., 2026; Wang
et al.,, 2024). The relevant risk chain is therefore: disruptive event or infrastructure failure, reduced
digital access, interruption of educational functions, unequal consequences for vulnerable groups,
and delayed recovery.

In this study, digital risk refers to the possibility that inadequate or unreliable technological systems,
financial constraints, limited skills, social restrictions, or weak data governance will disrupt access
to education or produce unequal outcomes. Institutional preparedness refers to the capacity of ed-
ucational institutions to anticipate such disruptions through trained personnel, technical support,
backup power and connectivity, offline learning alternatives, maintenance arrangements, data-pro-
tection procedures, and continuity plans. Educational resilience is understood as the capacity to
maintain, adapt, and restore essential learning functions while protecting equitable participation
before, during, and after disruption (Cvetkovié, 2025; Cvetkovi¢ et al., 2025; Milenkovi¢ & Cvetk-
ovi¢, 2025).

The Technology Acceptance Model (TAM) and its extensions provide a useful interpretive lens for
considering perceived usefulness and perceived ease of use (Davis, 1989; Venkatesh & Davis, 2000;
Venkatesh & Bala, 2008). The present instrument, however, was not designed as a complete validat-
ed TAM3 scale. TAM3 is therefore used to organize interpretation rather than to claim a structur-
al-model test. The analysis focuses primarily on descriptive response patterns and stakeholder ex-
planations of the conditions that enable or constrain technology-supported and Al-enabled learning.
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1.1. Research Problem, Aim, and Research Questions

Despite national initiatives promoting digital education, access and institutional readiness remain
uneven across Bangladesh. Rural institutions often face weaker connectivity, limited electricity re-
liability, unaffordable devices, inadequate maintenance, and shortages of trained personnel (Aziz
& Naima, 2021; Babu, 2021; Emon et al., 2024; Siddiquee & Islam, 2024). Gender and household
conditions may further shape access, particularly where device use, mobility, or study time are con-
strained by social expectations (Akram & Majid, 2024; Sarker et al., 2025). Existing research has often
considered these barriers separately, leaving a need for integrated, context-sensitive analysis of how
they affect institutional preparedness and educational continuity.

Accordingly, this study aimed to assess digital risk and institutional preparedness for technolo-
gy-supported and Al-enabled education in Sherpur Sadar Upazila. The objectives were to describe
perceived educational value, usability, access, and institutional support; identify infrastructural, fi-
nancial, institutional, and socio-cultural barriers; examine how gender and rural-urban residence
shape reported experiences; and interpret the implications for educational continuity and disaster
resilience.

¢ RQ1: What patterns of perceived educational value, usability, access, and institutional sup-
port characterize technology-supported and Al-enabled education?

* RQ2: Which infrastructural, financial, institutional, and socio-cultural conditions create digi-
tal risk and unequal access?

¢ RQ3: How do gender and rural-urban residence shape reported barriers to participation and
educational continuity?

¢ RQ4: How do stakeholder accounts explain the implications of these conditions for institu-
tional preparedness and educational resilience?

1.2. Theoretical Framework

This study draws on TAM and TAMS as interpretive frameworks. TAM identifies perceived useful-
ness and perceived ease of use as central influences on the acceptance of technology, while TAM3 in-
corporates additional determinants and intervention conditions that shape these perceptions (Davis,
1989; Venkatesh & Davis, 2000; Venkatesh & Bala, 2008). Because the questionnaire did not include
validated multi-item measures for all TAM3 constructs or actual Al use, the framework is not treated
as a statistically validated causal model.

The risk-informed framework used here distinguishes three interacting domains. The first compris-
es digital-risk conditions: unreliable electricity and connectivity, device scarcity, financial barriers,
limited skills, and gendered or socio-cultural constraints. The second comprises institutional-pre-
paredness capacities: teacher training, technical support, maintenance, backup and offline learning
arrangements, continuity planning, and accountable data governance. The third comprises continu-
ity and resilience outcomes: sustained access, equitable participation, adaptation during disruption,
and recovery of essential learning functions. Perceived usefulness and ease of use are retained as
interpretive constructs linking individual experience with these wider institutional conditions.

Figure 1 summarizes this framework. It places hazards and disruptive events upstream of digital-risk
conditions, identifies institutional preparedness as the principal protective capacity, and treats edu-
cational continuity and resilience as outcomes. Gender and rural-urban residence are cross-cutting
vulnerability conditions rather than statistically validated moderators in the present study.
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Risk-Informed Framework for Al-Enabled Educational Continuity

[ Cross-cutting conditions: gender, rural-urban residence, household resources, and social norms ]

HAZARDS AND
DISRUPTIONS

I

DIGITAL-RISK
CONDITIONS

Unreliable connectivity

~
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EDUCATIONAL
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failures o exc gs;org . Data governance and Recovery o_f learning
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TAM / TAM3 AS AN INTERPRETIVE LENS

Perceived usefulness and perceived ease of use help explain attitudes toward technology.
They are not treated as a validated structural model or as direct measures of actual Al adoption.

Risk pathway: disruption - digital-system vulnerability » unequal educational interruption
Protective pathway: preparedness - continuity - resilience

Figure 1. Risk-informed conceptual framework for Al-enabled educational continuity and resilience.
TAM constructs are used as an interpretive lens rather than as a validated structural model.

1.3. Literature Review

Research on Al and digital education in Bangladesh highlights both pedagogical potential and im-
plementation risk. Al-supported tools can expand access to information and personalized support,
but their value depends on teacher competence, appropriate curriculum integration, ethical safe-
guards, and realistic institutional capacity (Habib, 2025; Sultana & Faruk, 2024; UNESCO, 2021;
Wafik et al., 2024). The distinction between general digital access and actual Al use is important:
access to a device or online platform does not by itself demonstrate meaningful, safe, or sustained
adoption of Al

Infrastructure, affordability, skills, gender, residence, and household decision-making shape digital
inequality. Rural users may experience lower-quality connections and fewer devices, while women
and girls may face additional limitations related to mobility, time, safety, and family expectations
(Akram & Majid, 2024; Aziz & Naima, 2021; Karmaker & Cvetkovi¢, 2025; Sarker et al., 2025; Sid-
diquee & Islam, 2024). These conditions represent differential vulnerability because they influence
who can continue learning when ordinary educational arrangements are disrupted.

Institutional readiness is equally important. Teachers may be expected to use digital tools without
sustained professional development, technical assistance, maintenance budgets, or clear pedagogi-
cal guidance (Azad, 2024; Emon et al., 2024; Habib, 2025). Evidence from remote-learning interven-
tions also shows that lower-technology and offline-compatible approaches can protect access where
internet-based systems are unreliable, underscoring the need for redundancy rather than depend-
ence on a single platform or delivery mode (Wang et al., 2024).

Disaster-management research provides a broader continuity perspective. Studies of academic in-
stitutions, school preparedness, mobile communication, and educational exclusion show that conti-
nuity depends on pre-disaster planning, institutional coordination, accessible communication, and
explicit attention to vulnerable groups (Dada et al., 2025a, 2025b; Ocal & Torun, 2025; Razia, 2025;
Salam et al., 2026; Yamah & Folorunsho, 2026). Digital systems can support continuity, but they also
create new dependencies and points of failure.

Emerging-technology governance adds further concerns, including data integrity, privacy, account-
ability, algorithmic error, legal responsibility, and overdependence on automated systems. These

96

International Journal of Disaster Risk Management ® Vol. 8, No. 2 e



Digital Risk and Institutional Preparedness for Al-Enabled Education in Bangladesh:
A Mixed-Methods Study of Educational Continuity and Resilience

risks are especially consequential when institutions lack validated models, clear procedures, or ca-
pacity for human oversight (Ahmad & Gupta, 2026; Hanspal et al., 2026; Nayak & Nayak, 2026; Vu-
leti¢, 2026). Responsible adoption therefore requires risk assessment alongside investment in access
and skills.

Earlier studies by Karmaker and Cvetkovi¢ examined digital literacy among rural women, policy
and inclusion, and tensions between Al-supported and traditional learning (Karmaker & Cvetkovic,
2025, 20264, 2026b). The present study differs in its explicit focus on digital continuity, institutional
preparedness, and the disaster-resilience implications of unequal access. Because the setting and
subject matter overlap, transparent disclosure of any shared participants, instruments, or qualitative
material is essential to establish the manuscript’s distinct contribution.

The resulting research gap is not simply whether students favor technology. It is whether educa-
tional institutions possess the infrastructural, human, social, and governance capacities required to
convert favorable attitudes into equitable, safe, and disruption-resistant learning. Addressing that
gap requires integrating descriptive survey evidence with stakeholder explanations and interpret-
ing both within a disaster-risk and continuity-planning framework.

2. Methods

2.1. Study Design and Analytical Scope

The study used a convergent mixed-methods design. Quantitative and qualitative evidence was
collected within the same overall period, analyzed separately, and integrated during interpretation.
The survey strand described patterns of perceived value, access, usability, and barriers, while the
qualitative strand examined the institutional and socio-cultural mechanisms underlying those pat-
terns. The design supports triangulation and contextual explanation but does not establish causality
or population-level prevalence.

2.2. Setting and Participant Groups

Data collection was conducted in Sherpur Sadar Upazila, Bangladesh, from 22 May to 8 December
2024. Eight educational institutions were included: five urban and three rural schools, colleges, or
higher-level institutions. The quantitative sample comprised 207 students. The qualitative compo-
nent involved 25 stakeholders from teaching, educational administration, policymaking, and re-
search roles.

2.3. Sampling and Recruitment

Student participants were recruited through non-probability convenience sampling and completed
group-administered paper or online questionnaires. No probability-based sampling frame or ran-
dom-selection procedure was documented. Stakeholders were recruited purposively, with snow-
ball recruitment used to identify additional information-rich participants. Eligibility was based on
enrollment in, or professional involvement with, the participating institutions. The rural-weighted
and female-majority composition is reported as a characteristic of the achieved sample and limits
generalization and formal between-group inference.

2.4. Quantitative Instrument and Operationalization
The questionnaire contained 14 perception statements addressing educational value, ease of tech-

nology use, access to digital resources, institutional and policy support, financial constraints, family
and community discouragement, and training needs. Response options were strongly agree, agree,
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disagree, and no response. No response was treated as missing. The items were analyzed individual-
ly because the available instrument did not provide validated multi-item measures for the full TAM3
structure, actual Al use, or behavioral intention. Accordingly, the study assesses preparedness for
technology-supported and Al-enabled education rather than claiming a direct measurement of Al
adoption.

A pilot test with 10 respondents produced a reported overall Cronbach’s alpha of .79. Because the
instrument combines heterogeneous domains, this coefficient is interpreted only as preliminary
evidence of response consistency and not as confirmation of a unidimensional scale or construct
validity. The final submission should include the full questionnaire, coding rules, and a clear item-
to-domain mapping as supplementary material.

2.5. Qualitative Data Collection

The source documentation reports 17 semi-structured interviews and eight focus-group sessions in-
volving 25 stakeholders in total. Sessions addressed barriers to technology and Al use, pedagogical
change, gender roles, cultural norms, institutional support, and policy implementation. Interviews
reportedly lasted approximately 30-45 minutes and focus-group sessions approximately 60-90 min-
utes. Sessions were conducted in Bangla, audio-recorded with permission, transcribed, and translat-
ed into English through peer checking by two researchers. The number of participants in each focus
group, any repeat participation across sessions, and the stakeholder composition of each session
must be confirmed from the original field records before submission.

2.6. Quantitative Data Processing and Analysis

Aggregate response counts were analyzed in GNU PSPP. Frequencies and percentages were calcu-
lated using the full sample, while item means and sample standard deviations were calculated from
valid responses only. Missing responses were not assigned numerical values, and no imputation
was performed. Because the revision materials did not contain the complete item-level dataset, con-
struct definitions, coefficient tables, confidence intervals, or diagnostic output, previously reported
correlation and regression estimates were removed. The analysis presented here is descriptive and
does not test moderation, mediation, or causal relationships. The exact PSPP version should be re-
ported from the archived analysis files before submission.

2.7. Qualitative Analysis and Mixed-Methods Integration

Qualitative data were analyzed manually using the six-phase logic of thematic analysis: familiari-
zation, initial coding, theme development, theme review, theme definition, and reporting (Braun &
Clarke, 2006). Two researchers reviewed the coding and resolved disagreements through discussion
and consensus. A formal inter-coder reliability coefficient was not calculated. Integration was con-
ducted through narrative triangulation and a mixed-methods joint display that assessed conver-
gence and complementarity between survey patterns and stakeholder explanations.

2.8. Ethics and Data Protection

Ethical approval was granted by the Institutional Review Board of Nizam Uddin Ahmed Model
College (Approval No. NAMC/01-02-24.00.04.00032). Adult participants provided written informed
consent. For participants younger than 18 years, written parental or guardian permission and par-
ticipant assent were obtained. Participation was voluntary and uncompensated. Direct identifiers
were not collected, and survey data and audio files were stored on encrypted, password-protected
systems accessible only to the research team. Consent materials and explanations were provided in
Bangla.
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2.9. Relationship to Related Publications and Data Integrity

The study shares a geographic setting and related subject matter with earlier publications by the
first two authors (Karmaker & Cvetkovi¢, 2025, 2026a, 2026b). Before submission, the authors should
provide a transparent statement identifying any overlap in participants, survey items, interview
material, data-collection periods, or analytical outputs and explaining the distinct research question
and contribution of the present manuscript. Undisclosed reuse of data or text could create concerns
regarding redundant publication.

3. Results

3.1. Participant Characteristics
The achieved sample was predominantly female, rural, and concentrated in younger age groups.

These characteristics define the context to which the findings are most directly transferable and re-
quire caution when interpreting gender- or residence-related patterns (Table 1).

Table 1. Demographic characteristics of student participants (N = 207).

Characteristic Category n %
17-20 years 116 56.04
Age 21-28 years 67 32.37
29 years or older 24 11.59
Female 170 82.13
Gender
Male 37 17.87
SSC/HSC or Grade 12 113 54.59
BA pass 32 15.46
Educational level BSc 2 0.97
Honours 58 28.02
MA 2 0.97
) Urban 68 32.85
Residence
Rural 139 67.15
Married 57 27.54

Marital status )
Unmarried 150 72.46

Note. Percentages are based on the full student sample. Data were collected from May to December
2024.

The sample was predominantly female (82.13%, n = 170) and rural (67.15%, n = 139). More than half
of participants were aged 17-20 years (56.04%), and 54.59% were enrolled at SSC/HSC or Grade 12
level. The small male subgroup (n = 37) and unequal rural-urban composition preclude robust com-
parative inference; subgroup differences are therefore interpreted qualitatively and descriptively.

3.2. Quantitative Findings

To address the first two research questions, the 14 survey items were summarized using strong-
ly-agree frequencies, valid-response counts, and item means and standard deviations calculated
from valid responses. Nonresponse was excluded from central-tendency and dispersion calculations
and is displayed separately in Figure 2 (Table 2).
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Table 2. Descriptive statistics for technology-supported and Al-enabled education.

Item Statement Strongly agree, % (n) Validn Mean SD
I1 Devices support learning 43.5 (90) 199 1.64 0.64
12 Online classes are flexible and convenient 42.5 (88) 203 1.59  0.53
I3 Teachers’ use of digital tools supports learning 50.7 (105) 205 1.50  0.52
I4 Eszzgce for online rather than traditional 70.5 (146) 198 129 051
I5 ISJ:rcIllelrrll;s face significant challenges in online 50.7 (105) 205 150 052
I6 g(c)flzslsa‘;)pz—books, digital libraries, and educa- 47.8 (99) 199 154 057
17 Schools should rely more on technology 74.9 (155) 204 1.26 049
I8 Digital literacy should be compulsory 68.6 (142) 200 1.51  0.83
19 Government should invest in rural digital access 98.1 (203) 206 1.01  0.12
I10  Financial constraints limit device access 66.7 (138) 199 1.35  0.56
I11 Social expectations limit online-learning time 84.1 (174) 206 1.16  0.36
[12  Family or community discourages technology use 85.5 (177) 205 1.15  0.38
113 Technology is difficult to use 72.5 (150) 203 1.29  0.52
I14  Free and accessible technology training is needed 62.3 (129) 206 1.38  0.51

Note. Response options were 1 = strongly agree, 2 = agree, and 3 = disagree; no response was treated
as missing. Strongly-agree percentages use N = 207 as the denominator, while means and standard
deviations use the valid n shown for each item. The instrument assesses perceptions of digital and
technology-supported education and should not be interpreted as a validated direct measure of
actual Al use.

The strongest consensus concerned public and institutional responsibility. Government investment
in rural digital access received 98.1% strong agreement, 74.9% strongly agreed that schools should
rely more on technology, and 68.6% strongly agreed that digital literacy should be compulsory.
These findings indicate strong demand for institutional action, but they do not demonstrate the fre-
quency or quality of actual Al use.

Substantial barriers were reported at the same time. Technology was described as difficult to use
by 72.5% of the full sample, 66.7% strongly agreed that financial constraints limited device access,
84.1% reported social expectations that reduced online-learning time, and 85.5% reported family or
community discouragement. The combined pattern indicates high perceived value alongside sub-
stantial access, usability, and social vulnerability.

Figure 2 provides a visual comparison of agreement, disagreement, and item nonresponse across
all 14 statements. It illustrates the central preparedness paradox: strong technology support coexists
with financial, social, and usability barriers that may undermine continuity during disruption.
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N = 207; percentages are calculated within each item.

Figure 2. Distribution of responses to the 14 survey items on technology-supported and Al-enabled
education (N = 207). Percentages were calculated within each item; no-response observations are shown
separately and were excluded from item means and standard deviations.

3.3. Qualitative Findings
The qualitative analysis was organized as a joint display linking primary themes, subthemes, illus-

trative codes, and representative evidence. This structure shows how stakeholder accounts explain
the survey pattern of high perceived value but constrained practical access (Table 3).

Table 3. Code-to-theme mapping for the qualitative analysis.

Primary theme Subtheme [lustrative codes Representative evidence
“This trend is new to many rural
Infrastructure Rural—urban con. VO internet; electricity students, as they lack many facilities.
deficit nectivity divide problems; rural schools left Stakeholders need to familiarize
Y behind; urban privilege them with its use and scope” (Partic-
ipant B, FGD).
Infrastructure Resource and No computers; unaffordable ~ “Al is mostly in the urban phase,
deficit device scarcity smartphones; shared or bro-  so many obstacles still need to be

ken devices; no Al software ~ addressed” (Participant D, FGD).
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Gendered digital

exclusion

Gendered digital

exclusion

Institutional
unreadiness

Institutional
unreadiness

Socio-cultural
barriers

Policy-imple-
mentation gap

Policy-imple-
mentation gap

Perceived utility
of Al

Family and com-
munity restric-
tions

Mobility and safe-
ty constraints

Inadequate teach-
er training

Limited institu-
tional support

Normative beliefs
about technology

Weak govern-
ment-NGO
coordination

ICT policy limi-

tations

Optimism versus
structural reality

Technology prioritized for
boys; marriage over educa-
tion; community criticism

Unsafe transport; movement
restrictions; fear of harass-
ment

Limited AI knowledge; no
training; technology anxiety;
self-directed learning only

No technicians; no mainte-
nance budget; no Al curricu-
lum; isolated initiatives

Technology considered
unsuitable for girls; STEM
viewed as masculine; resist-
ance from elders

Projects end abruptly; limited
follow-up; duplication; fund-
ing gaps

Outdated regulation; delays;
procurement problems; weak
local implementation

Al assists with learning;
strong interest but limited
means; urban advantage.

Participants described family pref-
erences that gave boys earlier or
greater access to devices.

Female students reported reduced
access to training centers and insti-
tutions with digital resources.

“Well-trained teachers and an
Al-supportive environment can
extend the benefits to everyone”
(Participant C, FGD).

Participants linked poor imple-
mentation to limited leadership,
technical support, and institutional
planning.

Social and religious expectations
were described as constraints on
women’s technological engagement.

Stakeholders reported that short-
term projects frequently lacked
continuity and monitoring.

Participants perceived a gap between
national digital strategies and local
institutional capacity.

“AT helps a lot in our education, but
it requires broader assistance” (Par-
ticipant A, FGD).

Note. The source documentation reports 17 semi-structured interviews and eight focus-group ses-
sions involving 25 stakeholders in Sherpur Sadar Upazila, May-December 2024. Quotations were

lightly edited for clarity without changing meaning. The number of participants per focus group and
any repeat participation should be confirmed against the original field records before submission.

Five interconnected themes emerged: infrastructure deficit, gendered digital exclusion, institution-
al unreadiness, socio-cultural barriers, and policy-implementation gaps. Participants distinguished
between enthusiasm for Al-enabled learning and the practical capacity to use it. Rural institutions
were described as facing connectivity problems, electricity interruptions, device shortages, and lim-
ited technical support. Teachers were often expected to use digital tools without systematic profes-
sional development, maintenance assistance, or continuity arrangements.

The qualitative findings also clarified mechanisms of unequal access. Stakeholders described family
preferences for boys’ use of devices, restrictions on girls’ travel to training centers, safety concerns,
and community narratives that framed technology as unsuitable for girls. These accounts show how
social and infrastructural conditions can suppress sustained participation even when learners value
technology. Because the survey did not support robust subgroup inference, these findings should
be treated as contextual explanations rather than quantitative estimates of gender or rural-urban
effects.

3.4. Integrated Mixed-Methods Interpretation

The quantitative and qualitative strands converged on a consistent pattern: favorable attitudes to-
ward technology were not matched by the infrastructural, institutional, financial, and social con-
ditions required for equitable and disruption-resistant use. The evidence is best interpreted as an
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assessment of preparedness and vulnerability rather than as a validated measurement of actual Al

adoption.

Table 4 integrates the principal survey indicators with qualitative explanations and identifies their
implications for disaster preparedness, educational continuity, and resilience.

Table 4. Mixed-methods joint display of digital risk, institutional preparedness,
and educational-continuity implications.

Integrated T o . Disaster-risk and continuit
& . Quantitative indicator(s)  Qualitative explanation e Y
finding implications
98.1% strongly support- . .\ .
0 STTONSTY SUpp Connectivity and elec- Positive attitudes alone cannot
. ed rural digital invest- . . o
High demand tricity problems, device ~ protect continuity; infrastructure

but constrained
access

Institutional pre-
paredness gap

Gendered and
social vulnera-

bility

Rural-urban
inequality

Governance and
implementation

gap

ment; 72.5% reported
difficulty using tech-
nology; 66.7% reported
financial barriers.

74.9% supported greater
school reliance on tech-
nology; 62.3% strongly
supported free and
accessible training.

84.1% reported social
expectations limiting
online-learning time;
85.5% reported family or
community discourage-
ment.

The achieved sample was
67.15% rural; no formal
rural-urban inferential
comparison was con-
ducted.

Strong demand for
public investment was
evident, but the survey
did not measure policy
implementation directly.

scarcity, and unaffordable
access limited practical
use.

Stakeholders reported
inadequate teacher prepa-
ration, limited technical
support, weak mainte-
nance capacity, and no
systematic continuity
arrangements.

Stakeholders described
preferential device access
for boys and mobility,
safety, and normative
restrictions affecting girls.

Rural institutions were
described as having
weaker connectivity,
fewer devices, and less
technical support.

Stakeholders described
short-term projects,
weak government-NGO
coordination, procure-
ment delays, and limited
follow-up.

and affordability failures increase
the probability of educational
interruption.

Preparedness requires trained
personnel, maintenance, backup
connectivity and power, offline
alternatives, and tested continuity
procedures.

Disruptions may deepen exclu-
sion unless continuity measures
are gender-responsive, safe, and
accessible at household and com-
munity levels.

Risk assessments and investment
plans should be place-specific
and prioritize rural redundancy;,
maintenance, and local support
capacity.

Digital continuity should be em-
bedded in school disaster plans,
monitored through accountable
indicators, and supported beyond
short project cycles.

Note. Quantitative percentages are based on the full student sample (N =207). Qualitative explana-
tions derive from interviews and focus-group contributions. The integration identifies convergence
and complementarity; it does not establish causal relationships.

4., Discussion

4.1. Summary and Interpretation of Key Findings

The central finding is a preparedness paradox: students expressed strong support for technolo-
gy-supported education and public investment while simultaneously reporting substantial usabil-
ity, financial, social, and institutional barriers. The qualitative evidence indicates that these con-
straints operate together. Adoption in this setting is therefore not merely an individual attitudinal
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choice; it is a socio-technical and risk-governance issue shaped by infrastructure, institutional capac-
ity, household resources, gender norms, and policy implementation.

From a disaster-risk perspective, these conditions affect the capacity to maintain education during
floods, cyclones, public-health emergencies, electricity failures, or other disruptions. A school may
formally introduce digital tools yet remain unprepared if it lacks backup power, offline content,
trained teachers, technical support, maintenance arrangements, secure data practices, or procedures
for reaching students without reliable devices or connectivity. Educational resilience depends on the
combined functioning of these capacities rather than on technology availability alone.

4.2. Comparison with Existing Literature

The findings are consistent with research showing that digital inclusion depends on infrastructure,
affordability, skills, and institutional support (Aziz & Naima, 2021; Sarker et al., 2025; Siddiquee &
Islam, 2024). They also align with evidence that lower-technology and flexible delivery modes can
preserve access when broadband-dependent systems are impractical (Wang et al., 2024). The present
study adds a rural-weighted, mixed-methods perspective and emphasizes the gap between favora-
ble attitudes and operational preparedness.

The continuity implications complement disaster-management studies of academic institutions,
school preparedness, mobile communication, and educational exclusion in hazard-prone communi-
ties (Dada et al., 2025a, 2025b; Ocal & Torun, 2025; Razia, 2025; Salam et al., 2026; Yamah & Folorun-
sho, 2026). Across these domains, preparedness depends on institutional coordination, accessible
communication, redundancy, and explicit protection of vulnerable groups.

The findings also support responsible-technology scholarship emphasizing accountability, data in-
tegrity, legal clarity, and human oversight (Ahmad & Gupta, 2026, Hanspal et al., 2026; Nayak &
Nayak, 2026; Vuleti¢, 2026). Expanding Al-enabled education without safeguards may create new
risks involving privacy, unreliable outputs, algorithmic bias, or dependence on systems that insti-
tutions cannot maintain. Access policy and Al governance should therefore be developed together.

4.3. Theoretical Implications

TAMS3 remains useful as an organizing heuristic because it directs attention to perceived usefulness,
ease of use, and external conditions. The study does not, however, constitute a full empirical test of
TAMS3. Its theoretical contribution is a risk-informed contextual extension: individual perceptions
are interpreted within a wider system of infrastructural vulnerability, institutional preparedness,
social inclusion, governance, and continuity planning.

This interpretation is consistent with multidimensional approaches to disaster resilience, which em-
phasize interacting social, institutional, infrastructural, and governance resources (Cvetkovi¢, 2025;
Cvetkovic et al., 2025, 2026a, 2026b, 2026¢; Milenkovi¢ & Cvetkovié, 2025). Educational technology
should therefore be treated as part of a continuity system rather than as a stand-alone classroom
innovation. Resilience is strengthened when institutions can maintain, adapt, and restore learning
while preventing disruption from disproportionately excluding rural students, girls, and low-in-
come households.

4.4. Practical and Policy Implications

A top-down expansion of Al without investment in foundational capacity is unlikely to produce
equitable or resilient outcomes. Priority actions include:

e Targeted investment in reliable rural electricity, affordable devices, broadband connectivity,
maintenance, and local technical support.
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¢ Context-specific Al and digital-pedagogy training for pre-service and in-service teachers,
supported by continuing technical assistance rather than one-time workshops.

* Gender-responsive measures, including device-lending schemes, safe and locally accessible
training, community digital-literacy programs, and engagement with families to reduce re-
strictive norms.

¢ Continuity measures such as backup power and connectivity, downloadable or offline con-
tent, alternative communication channels, data backups, and procedures for reaching stu-
dents who cannot access online platforms.

¢ Integration of digital risk, responsible Al governance, and educational continuity into school
disaster-preparedness plans, local risk assessments, drills, monitoring systems, and govern-
ment-NGO coordination mechanisms.

Public-private partnerships may help pool infrastructure costs, support open and locally relevant
educational tools, and expand technical capacity. Clear requirements for accessibility, data protec-
tion, transparency, accountability, maintenance, and long-term sustainability should govern such
partnerships. Procurement decisions should include continuity and exit planning so that learning
services do not collapse when short-term projects end.

4.5. Limitations and Potential Biases

Several limitations constrain interpretation. The non-probability, geographically concentrated sam-
ple limits external validity, and the female-majority, rural-weighted composition prevents robust
gender and rural-urban comparisons. The cross-sectional design cannot establish temporal order or
causal effects. Voluntary participation may have favored individuals with stronger interest in tech-
nology, while discussion of gender and family restrictions may have been influenced by social-de-
sirability or underreporting bias.

Measurement limitations are also substantial. The 14-item instrument was not validated as a com-
plete TAM3 scale, did not document a dedicated multi-item behavioral-intention construct, and did
not directly measure the frequency or quality of actual Al use. The overall pilot alpha does not es-
tablish construct-specific reliability or validity. Inferential correlation and regression estimates were
removed because the revision package did not include sufficient item-level data, coefficient tables,
confidence intervals, or diagnostics for verification. The composition of the focus-group component,
public accessibility of the data repository, and possible overlap with related publications must be
confirmed before submission. The conclusions are therefore descriptive, contextual, and non-causal.

4.6. Directions for Future Research

Future studies should use validated Al-literacy, technology-acceptance, institutional-preparedness,
and educational-resilience scales. Multi-site probability or stratified sampling, balanced rural-ur-
ban and gender groups, objective connectivity measures, and longitudinal platform-use data would
strengthen inference. Where moderation is examined, complete construct definitions, interaction
models, marginal effects, confidence intervals, and diagnostic tests should be reported.

Research linking educational technology with disaster risk should test whether teacher preparation,
backup infrastructure, offline learning options, and continuity plans improve access and recovery
during floods, cyclones, public-health emergencies, and prolonged infrastructure outages. Qua-
si-experimental or longitudinal designs could evaluate whether targeted capacity-building reduces
learning disruption and unequal exclusion over time.

105

International Journal of Disaster Risk Management ® Vol. 8 No. 2 e



Ritesh Karmaker, Vladimir M. Cvetkovi¢, Vanja D. Cuetkovic,
Hatidza Berisa, Srdan Milasinovic

5. Conclusions

This study assessed digital risk and institutional preparedness for technology-supported and Al-en-
abled education in Sherpur Sadar Upazila. Students strongly endorsed the educational value of
technology and the need for government investment. However, usability difficulties, financial lim-
itations, family and community discouragement, inadequate teacher preparation, and institutional
implementation gaps constrained practical participation.

The principal contribution is conceptual and contextual rather than causal. The study shows that
favorable attitudes toward technology do not constitute preparedness. Infrastructure, human ca-
pacity, technical support, gender-responsive access, responsible data governance, backup arrange-
ments, and continuity planning are necessary if digital learning is to remain equitable and functional
during ordinary periods and disruptive events.

Al can support inclusive educational transformation only when deployment is accompanied by val-
idated measurement, accessible infrastructure, teacher competence, human oversight, and sustained
institutional planning. Reducing digital vulnerability before crises occur is essential if Al-enabled
education is to strengthen resilience rather than reproduce existing inequalities.
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Appendix A
Illustrative Participant Quotations

The following quotations are included to preserve selected stakeholder perspectives. Participant
identifiers are pseudonyms.

“Al helps a lot in our education now; it even solves many interrelated issues related to our curricu-
lum, but it requires broader assistance” (Participant A, focus group discussion).
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“This trend is new to many rural students, as they lack many facilities. Stakeholders need to famil-
iarize them with its use and scope” (Participant B, focus group discussion).

“Well-trained teachers and an Al-supportive environment can extend the benefits to everyone” (Par-
ticipant C, focus group discussion).

“Al is mostly in the urban phase, so many obstacles still need to be addressed” (Participant D, focus
group discussion).

Editorial Verification Checklist (Remove Before Submission)

¢ Confirm whether the qualitative component comprised 17 interview participants plus eight
focus-group participants, or 17 interviews plus eight separate focus-group sessions; report
the number and size of all focus groups.

¢ Confirm that the Figshare DOI is public and contains the item-level dataset, coding guide,
questionnaire, and sufficient analysis documentation.

* Record the exact GNU PSPP version. Do not restore correlation, regression, moderation, or
mediation results unless complete construct definitions, data, coefficient tables, confidence
intervals, and diagnostic output are available.

* Disclose any participant, instrument, text, or data overlap with Karmaker and Cvetkovi¢
(2025, 20264, 2026b) and explain the distinct contribution of this manuscript.

¢ Confirm the CRediT contributions and authorship eligibility of H.B. and V.D.C. before final
submission.
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