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Abstract

Artificial intelligence (Al) is shifting from promise to routine in healthcare, whereas rigorous
radiation-protection practices remain essential. We evaluated how well Libyan nursing
undergraduates are prepared for both challenges. A cross-sectional study on 77 students of two
different courses of study: Anesthesia and Intensive Care (n=49) and General Nursing (n=28) was
undertaken at the Faculty of Nursing, University of Zawia in Libya. A structured questionnaire
was employed to find data regarding their demographics and previous training, and also their self-
rated knowledge level and attitudes towards Al. These findings showed extensive learning
shortfalls. Specifically, 61.0% of the students were not previously trained in Al and 77.9% did not
have specialized courses in radiation protection. Moreover, their self-reported knowledge revealed
only moderate competency levels in Al (58.4%) and only moderate awareness of radiation dangers
(41.6%). Despite this limited formal education, students reported favorable attitudes towards the
adoption of Al. For instance, 54.5% were optimistic about its future deployment, while 50.6%
were willing to take part in professional development courses. These findings identify a pressing
need to formally enhance nursing curricula to bridge gaps in Al literacy and radiation protection,
thereby preparing graduates for secure, effective, and technologically facilitated clinical practice.
This study's generalizability is limited by its single-institution setting and relatively small sample
size.
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1. Introduction

The healthcare sector is undergoing a profound and extensive transformation, driven to a large
extent by the rapid development of Artificial Intelligence (Al) [1]. Beyond its theoretical promise,
Al has evolved into an essential adjunct to modern clinical practice, with far-reaching implications
for enhancing diagnostic outcomes, strengthening clinical decision support, and substantially
improving patient safety [2][3]. Within the realm of radiation protection, Al demonstrates
particularly promising potential. Its applications include predictive analytics, real-time dose
monitoring, and automated safety systems [4], [5]. all of which can contribute to safer clinical
practice. Furthermore, the integration of Al into healthcare workflows is widely expected to
improve operational effectiveness and reduce system costs [6], [7]. As future stakeholders in this
evolving digital ecosystem, nursing students must be adequately prepared to engage with these
technologies [8]. Although nurses are not directly responsible for performing radiological
interventions, they frequently work in high-risk clinical zones such as emergency departments,
intensive care. units, and interventional suites, where radiation exposure is a matter of critical
concern [9] in this context, the implementation of Al-powered radiation protection systems
becomes essential—not only to safeguard patients, but also to enhance occupational safety and
efficiency among nursing personnel [10],[11]. Despite this clear need, current research illustrates
a fulminating divergence. Recent evidence indicates that healthcare students in general exhibit
favorable knowledge and perceptions toward Al integration in their academic training [12]. More
specifically, nursing students demonstrate nuanced attitudes shaped by perceived usefulness, ease
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of use, and behavioral intentions toward Al adoption [13]. Nevertheless, systematic discrepancies
remain regarding the actual readiness of nursing cohorts, particularly in terms of their preparedness
for hands-on applications of Al in specialist domains such as radiation protection [14]. These
challenges are further compounded by global pressures to align technological innovation with the
United Nations Sustainable Development Goals and to navigate the complex ethical landscape
associated with Al adoption in healthcare [15], [16].

By thoroughly assessing five interconnected areas, this study fills a significant gap in the literature
on nursing education: (i) students' basic proficiency with artificial intelligence; (ii) their awareness
of radiation risks; (iii) their attitude toward incorporating Al into nursing education; (iv) their
operational preparedness to use Al-enabled tools in clinical settings; and (v) the moderating impact
of demographic profiles on these proficiencies. The resulting empirical insights are well-
positioned to inform evidence-based policy and precision-oriented curriculum reform, creating a
nursing workforce that is both ethically and technologically savvy.

2. Methodology

Study Design and Participants

This cross-sectional, descriptive-analytical study evaluated attitudes and readiness toward Al-
enabled radiation protection among nursing students at the Faculty of Nursing, University of
Zawia. Given the college’s recent establishment and a total enrolment of fewer than 200 students
across the General Nursing and Anesthesia/Intensive Care programmers, we adopted an exhaustive
(census-style) approach: the questionnaire was offered to all available students at all study levels,
with no formal inclusion or exclusion criteria. Seventy-seven students participated, representing a
high proportion of the institution’s student body and therefore providing a meaningful portrait of
preparedness within this specific setting.

While a formal a priori power calculation was not feasible in this particular context of a small,
newly constituted college, the broad participation of eligible students enhances the internal
representativeness of the findings. Nevertheless, we explicitly acknowledge that the modest
absolute sample size constrains statistical power and the scope of inferential subgroup analyses;
consequently, effect estimates may be imprecise and the ability to detect small-to-moderate
associations is reduced. Moreover, because data derive from a single, recently established
institution, caution is required when extrapolating results to other universities or national
programmers.

Data Collection Instrument

A pre-designed electronic questionnaire was developed for this study to address five domains. The
questionnaire underwent an intensive development process, e.g., content validity by expert review
and pilot testing on a small group of nursing students (n=10) for clarity and comprehension.
Reliability was evaluated with Cronbach's alpha, and excellent internal consistency scores for
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knowledge (o = .87), attitudes (o = .88), and readiness (o = .86) were achieved, indicating high
instrument reliability. The first section gathered demographic data like gender, age, study program,
and semester. The questionnaire then assessed knowledge regarding basic Al concepts and their
applications within healthcare, particularly in patient safety enhancement and supporting SDGs. It
also examined the students' understanding of radiation hazards in the clinical setting. The
questionnaire also quantified attitudes towards Al adoption by assessing optimism regarding its
application in nursing, whether it has the potential to reduce errors, and the ethics involved.
Readiness at the practical level was also assessed by the questionnaire by evaluating students'
readiness to work with Al tools, apply radiation safety measures, and participate in sustainability
efforts.

Data Analysis

Data from 77 respondents were analyzed using SPSS statistical software. Descriptive statistics
summarized response distributions and participant characteristics. Inferential analyses were
selected to match the data structure and the modest cohort size. Chi-square tests assessed
associations between categorical variables, with Fisher’s exact test used when expected cell counts
were small. Independent- sample t-tests compared mean scores across groups, and Welch’s
correction was applied when variances were unequal. Effect sizes (Cramér’s V and Cohen’s d)
were reported to convey practical significance. Given n = 77, statistical power was limited; thus,
non-significant findings may reflect the small sample rather than a lack of relationship, and results
should be interpreted cautiously.

3. Results and Discussion

Interpretation of these findings should consider that the sample was drawn from a single institution
in Libya and may not reflect national trends.

This cross-sectional study explores how nursing students view the integration of artificial
intelligence in radiation protection. We collected 77 valid responses from students at various
academic levels and specializations. Most respondents were female (58.4%, n=45), while 41.6%
were male (n=32). The age distribution showed that more than half of the participants (58.4%)
were between 20 and 22 years old. About one-third (33.8%) were older than 22, and only 7.8%
were younger than 20, as depicted in Figure 1, Figure 2. Most students (63.6%, n=49) were
enrolled in Anesthesia & Intensive Care programs, whereas 36.4% (n=28) were in General
Nursing, as illustrated in Figure 3. Only ,39.0% of participants had attended an Al-related
workshop or training; 22.1% had completed a formal course in radiation protection. Results for
each cohort are displayed in Tables (Table 1 and Table 2). To streamline the narrative, full
descriptive statistics for demographic variables now appear in Appendix A; only key percentages
are retained here.
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Distribution of Gender (N = 77)
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Figure 1. Distribution of Gender among participants (N = 77)
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Figure 2 .Distribution of Age among participants (N = 77)
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Distribution of Study Program (N = 77)
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Figure 3. Distribution of participants by study program (N = 77).
Table 1: Attendance at Al-related workshop or training (N = 77).

Category Count Percent
No 47 61.0
Yes 30 39.0
Table 2: Completion of a formal radiation-protection course (N = 77).
Category Count Percent
No 60 77.9
Yes 17 22.1

Descriptive statistics for the survey items are presented in Table 3 as mean £ SD. In the knowledge
domain, average scores ranged from 2.65 to 2.94, indicating limitedfamiliarity with Al
fundamentals. Students reported the lowest knowledge regarding the UN health-related
Sustainable Development Goals (SDGs) (M = 2.65, SD = 1.12) and the highest knowledge for
basic Al concepts (M = 2.94, SD = 0.83). These low scores corroborate previous findings that
nursing students often lack formal instruction in AT [12[¢ ]14[
On the other hand, attitude statements scored significantly higher at 3.64 — 3.91. Participants
agreed that Al in nurse education improves graduate quality (M = 3.91) and that there must be a
clear legal and ethical framework (M = 3.90). Optimism toward future Al use (M = 3.70) and
agreement that radiation protection is part of nursing ethics (M = 3.64) indicate that students
recognize both benefits and challenges. These positive perceptions align with prior studies in
which nursing cohorts expressed enthusiasm for AI’s potential to enhance care quality [13].
Readiness scores were moderate (M = 3.03 — 3.57). Students were most willing to join Al training
(M = 3.57) and contribute to sustainability (M = 3.53), but felt least confident applying radiation-
protection protocols (M = 3.03). This “competency—willingness gap” echoes educational theory
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suggesting that motivation alone does not translate into performance without adequate experiential
learning.

Internal reliability was excellent (Cronbach’s o = .87 for knowledge, .88 for attitudes, and .86 for
readiness), indicating consistent measurement of each construct. Inter-construct correlations
showed a strong association between knowledge and readiness (r =~ .50), a weak association
between knowledge and attitudes (r =~ .12), and a moderate association between attitudes and
readiness (r = .30). Taken together, these patterns suggest that enhancing theoretical knowledge
has a more direct impact on functional preparedness than on attitudes, which are already
favorable—a finding consistent with “minimal-threshold” models in health-professional education
[13].

Table 3: Mean (M) and SD of Questionnaire Items by Construct (Knowledge, Attitude,

Readiness)
Construct Item M SD
Knowledge Basic Al concepts knowledge 294 |0.83
Knowledge of Al applications in healthcare 271 | 0.94
Awareness of radiation hazards 2.75 | 1.04
Knowledge of Al impact on patient safety 2.88 | 1.00
Understanding of UN health-related SDGs 265 | 1.12
Attitude Al integration in nursing education improves quality 391 |0.76
Al enhances accuracy & reduces radiation errors 3.74 | 0.75
Optimism toward future Al use 3.70 | 0.92
Radiation protection is integral to nursing ethics 3.64 | 0.87
Modern tech adoption contributes to SDGs 3.79 | 0.71
Need for clear legal/ethical Al framework 3.90 |0.84
Readiness Readiness to join Al training 3.57 |0.88
Ability to handle Al-based medical systems 3.22 |0.94
Ability to apply radiation-protection protocols 3.03 | 1.04
Readiness to contribute to sustainable initiatives 3.53 | 0.87

Figure 4 illustrates mean scores across gender, age and prior training. Male students reported
slightly higher knowledge and readiness than females, whereas older students (> 22 years)
exhibited the highest readiness (M = 3.48). Consistent with previous research [14], students who
had attended an Al workshop or studied radiation protection out-performed peers across all
constructs, underscoring the transformative effect of formal training.
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Mean Domain Scores by Gender (N = 77)
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Figure 4: Mean knowledge, attitudes, and readiness scores by gender (N = 77)

Figure 5 summarizes mean scores for each item. The flat knowledge profile underscores a systemic
lack of foundational Al literacy, whereas pronounced attitude scores for legal-ethical
considerations mirror the growing global discourse on Al governance in healthcare [15], [16].

Overall Mean Scores (N =77)
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Figure 5: Overall mean scores for knowledge, attitudes, and readiness (N = 77)
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Critical Interpretation and Study Limitations

Although the descriptive findings offer a useful snapshot, a deeper, critical reading is warranted.
First, the strong correlation between knowledge and readiness (r ~ .50) suggests that curricular
interventions targeting theoretical content could yield tangible improvements in practice-
readiness. However, the weaker link between knowledge and attitudes implies that positive
perceptions alone are insufficient drivers of competency, aligning with cognitive-dissonance
theory whereby attitudes may adjust only when supported by robust learning experiences.
Second, sample characteristics impose clear limits on generalizability. The single-center design
and modest size (n = 77) constrain statistical power and may accentuate institutional
idiosyncrasies. Comparative analysis with studies from other regions (e.g., Nigeria) reveals similar
demographic patterns but divergent exposure to Al coursework [15], bolstering the argument for
multi-center investigations. Likewise, the cross-sectional design precludes causal inference;
longitudinal studies tracking competence growth after curricular reforms are therefore
recommended.

Third, the competency—willingness gap underscores the need for blended pedagogies. Simulation-
based modules using Al-enabled diagnostic devices, coupled with scenario-driven radiation-safety
drills, could bridge the theoretical-practical divide, as supported by experimental evidence from
Martinez-Ortigosa et al. and Santos et al. [11], [15]

4. Conclusion and Recommendations

Nursing students in this single-center Libyan cohort held favorable attitudes toward Al integration
and acknowledged the need for robust ethical-legal frameworks, yet their knowledge and practical
readiness remained moderate. The positive associations between prior training and competency
scores highlight the urgency of embedding Al- and radiation-protection content—combining
theory, simulation and ethics—into nursing curricula. Such reforms can foster a technologically
adept, socially responsible workforce, thereby enhance clinical safety and advance relevant
Sustainable Development Goals. These recommendations remain provisional due to the study’s
modest, self-reported sample; larger multi-center, longitudinal investigations are required to
validate and extend these findings.
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