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Background
In the contemporary healthcare landscape, the preva-
lence of medical errors, particularly in dose calculation, 
poses significant risks to patient safety and quality of 
care. Medication dosage miscalculations are unfortu-
nately common and often go unnoticed. These errors can 
lead to serious patient harm, with estimates suggesting 
that 7000–9000 people die each year in the US as a result 
of medication errors [1].

Medication errors pose critical need for standard-
ized recommendations as a global priority to ensure the 
best and safe practices. Nurses, as frontline profession-
als in clinical settings, play a pivotal role in medication 
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Abstract
Background This study investigated medication dose calculation accuracy among nurses, nursing students, and 
Generative AI (GenAI) models, examining error prevention strategies across generational cohorts.

Methods A cross-sectional study was conducted from June to August 2024, involving 101 pediatric/neonatal nurses, 
91 nursing students, and four GenAI models. Participants completed a questionnaire on calculation proficiency and 
provided recommendations for error prevention. Qualitative responses were analyzed to describe attitudes and 
perceptions.

Results 70% of nurses reported previous medication errors compared to 19.5% of students. Thematic analysis 
identified six key areas for error prevention: double-checking, calculation methods, work environment, training, 
drug configuration, and technology use. Only students recommended GenAI integration, while nurses emphasized 
double-checking.

Conclusions The study highlights generational differences in medication safety approaches and suggests potential 
benefits of incorporating GenAI as an additional verification layer. These findings contribute to improving nursing 
education and practice through technological advancements while addressing persistent medication calculation 
challenges.
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administration that can lead to unsafe care. challenge. To 
ensure safe practice, standardized guidelines are essen-
tial, encompassing education and training, independent 
double-checks, adherence to the “five rights” of medi-
cation administration, thorough documentation, open 
communication, and patient education about the drugs 
they receive. Additional measures include following 
strict guidelines, improving labeling and packaging for-
mats, addressing work environment challenges, reducing 
workload, minimizing distractions, fixing systemic flaws, 
enhancing job security for nurses, and fostering a blame-
free workplace culture [1, 2].

Cognitive Load Theory, developed by Sweller, 2020 [3] 
focuses on the limitations of human working memory 
when learning complex tasks. It identifies three types 
of cognitive load: intrinsic (task complexity), extrane-
ous (unnecessary distractions), and germane (productive 
cognitive effort). In the context of drug dose calcula-
tions, errors often arise when intrinsic load is high due 
to complex calculations or unfamiliar drugs, and extra-
neous load increases from poorly designed systems or 
distractions. When cognitive resources are overloaded, 
it becomes harder for healthcare professionals to process 
and integrate necessary information, leading to mistakes.

In addition, generational differences among nurses—
specifically, those belonging to Generations X, Y, and 
Z—further highlight shifts in technological proficiency 
and adaptability. Generation X nurses tend to rely on 
traditional methods and personal experience when solv-
ing problems, while Generation Y (Millennials) embraces 
technology and collaborative approaches, often utilizing 
digital tools and social media for problem-solving and 
patient care [4]. Generation Z, the newest cohort in the 
workforce, displays a strong inclination towards technol-
ogy, frequently preferring data-driven solutions and AI 
tools to enhance their clinical practice [5].

This generational shift influences not only how nurses 
approach patient care but also underscores the varying 
levels of comfort and skill with technology across these 
groups. Younger nurses, particularly those from Gen-
eration Y and Z, are generally more adept at utilizing 
technology, including Generative Artificial Intelligence 
(GenAI) tools, which can assist in minimizing errors in 
dose calculations. However, the specific impact of gener-
ational differences on dose calculation practices warrants 
further empirical investigation.

The importance of double-checking calculations can-
not be overstated, as it serves as a fundamental safety 
mechanism in nursing practice. Research indicates that 
systematic verification processes can significantly reduce 
the incidence of medication errors [6]. Current strategies 
to minimize error in patient care, particularly in medica-
tion dosing, foster implementing double-check systems, 
using calculators, and adopting specific technologies 

designed to ensure accuracy [7]. For instance, employ-
ing computerized physician order entry (CPOE) systems 
and electronic health records (EHRs) can streamline the 
medication administration process and reduce the likeli-
hood of human error [8].

Overreliance on AI systems in drug dose calculations 
presents several risks. While AI can enhance accuracy, it 
is only as reliable as the data it is trained on, and incor-
rect or biased data can lead to harmful dosing errors 
[9]. Nurses may become complacent, trusting AI results 
without sufficient critical evaluation, which could erode 
their decision-making skills [10]. Additionally, AI sys-
tems depend on constant updates and maintenance, and 
any lapses could compromise safety [9]. Privacy con-
cerns and challenges in algorithm transparency also raise 
issues regarding accountability when errors occur. To 
minimize these risks, AI should be viewed as a support-
ive tool rather than a replacement for clinical judgment, 
with ongoing training, regular system checks, and human 
oversight to ensure safety and effectiveness in drug dos-
ing [11].

Furthermore, the integration of AI into nursing educa-
tion and practice offers innovative solutions to enhance 
clinical competencies. GenAI can provide simulations 
and practice scenarios that allow nursing students to 
hone their skills before entering the clinical environment, 
thereby reducing the likelihood of errors in real-world 
settings [12]. The current use of GenAI and language 
models in healthcare presents significant benefits, par-
ticularly in minimizing dosing errors. GenAI systems can 
assist nurses in calculating dosages accurately by provid-
ing real-time data analysis and recommendations based 
on patient-specific parameters [13].

Additionally, GenAI can serve as a valuable educational 
tool for nursing students, offering interactive learning 
experiences that reinforce correct calculation methods 
and enhance their understanding of pharmacology [14]. 
By integrating GenAI into nursing curricula, educational 
institutions can better prepare future nurses to navigate 
the complexities of medication administration in a tech-
nology-driven healthcare environment [15].

The aim of this article outlines how to reduce medica-
tion calculation errors, based on recommendations from 
nurses, students, and GenAi models systems. The find-
ings of this study, as part of larger quantitative research, 
are intended to contribute to the ongoing discourse on 
improving nursing education and practice through tech-
nological advancements.

Ultimately, the findings may offer insights into how 
GenAI can be effectively integrated into nursing work-
flows to ensure patient safety and care quality. The sig-
nificance of this research lies in its potential to inform 
best practices in nursing education and clinical practice, 
ensuring that nurses are equipped with the necessary 
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skills and tools to minimize medication errors and 
improve patient outcomes. While the AI benefits have 
been identified, yet application of AI tools must be care-
fully implemented to ensure accuracy and safety.

Methods
Design
Between June and August 2024, a cross-sectional study 
was conducted. The data collection instrument was com-
prised of a three-part questionnaire: the first section 
included nine items assessing participants’ proficiency 
in calculating accurate medication dosages for patient 
administration; the second section investigated whether 
respondents had previously encountered errors in phar-
maceutical calculations when dispensing medications to 
their patients. The third section contained an ioen ques-
tion asking for recommendations on strategies to prevent 
calculation errors in medication administration.

Questionnaire development
The questionnaire used in this study was developed spe-
cifically for this research by two PhD-level nurses. These 
nurses work in the Pediatric Department and the Inten-
sive Care Unit, and serve as nursing faculty members 
in a BSN training program. The questions are based on 
common medications administered in their respective 
departments and reflect real-world scenarios encoun-
tered by nursing students and practicing nurses. Their 
dual roles as clinical practitioners and educators provide 
unique insights into the medication calculations needed 
in daily hospital practice and the essential computational 
skills nursing students must master. An English language 
version of the questionnaire is provided as a supplemen-
tary file.

Participants
The study encompassed six distinct cohorts: pediatric 
and neonatal nurses, undergraduate nursing students 
from the second through fourth years of a four-year 
program, and four GenAI models (1) ChatGPT-4, (2) 
Claude-3.0, (3) Open AI o1, and (4) LLAMA 3 8b). For 
the human participants, demographic information was 
collected. Nurses provided details on their gender, age, 
years of experience, specific pediatric department, aca-
demic status, and basic training. Students disclosed their 
gender, age, current year of study, and nursing-related 
work experience.

Data collection
The study protocol was standardized across all par-
ticipant categories, including both human subjects and 
GenAI models. The core assessment comprised nine 
medication calculation questions. Subsequently, partici-
pants were invited to provide suggestions for eliminating 

calculation errors in the process of medication adminis-
tration. Human respondents were additionally asked to 
indicate whether they had previously made an error in 
calculating a medicinal dose.

The assessment tool was developed by two principal 
investigators, both experienced nurses with over 25 years 
of clinical practice and doctoral qualifications. Their 
extensive clinical backgrounds enabled them to design a 
questionnaire that accurately captures the computational 
tasks nurses encounter daily, while adhering to current 
healthcare standards.

Qualtrics XM digital survey platform was utilized for 
the data collection. In addition, the study incorporated 
four state-of-the-art language processing systems: Ope-
nAI’s ChatGPT-4 and o1, Claude 3.5 Sonnet, anthrop-
ic’s AImodel, and Meta AI’s Llama 3 8B. This diverse 
selection of AI models, each with unique architectural 
designs and training methodologies, facilitated a com-
prehensive evaluation of machine learning capabilities 
in pharmaceutical calculations. ChatGPT-4 is renowned 
for its advanced linguistic processing and complex prob-
lem-solving abilities. Claude 3.5 Sonnet specializes in 
nuanced communication and precise language tasks. 
OpenAI’s o1 represents a new generation of language 
models with enhanced reasoning and mathematical 
proficiency. Llama 3 8B, an open-source alternative, has 
demonstrated notable potential across various linguistic 
comprehension and generation tasks.

Data analysis
This paper focuses on the data of the open question in 
the questionnaire seeking recommendations to ensure 
safe dosing calculation when administering medications 
to patients. A qualitative approach was applied to ana-
lyze the data from the participants’ answers. Thematic 
analysis was applied. The process began with a thorough 
review of all suggestions, by both authors independently. 
They then collaborated to identify repetition of key con-
cepts within the responses. This process led to the devel-
opment of distinct categories, each representing a unique 
strategy for preventing errors.

The definition of the themes was created in collabora-
tion with a team of researchers, ensuring agreement on 
the topics. The authors refined these categories through 
several discussions, reaching a consensus on the final 
groupings. Throughout the analysis, the researchers 
revisited the original information to ensure that nothing 
was taken out of context. To strengthen the analysis, the 
researchers quantified how often each category appeared 
across different participant groups.

The resulting categorization not only highlighted 
common themes in error prevention strategies but also 
revealed potential differences in perspectives between 
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human participants and GenAI models, offering valuable 
insights for improving medication safety protocols.

Ethics approval and consent to participate
The research was initiated after obtaining formal 
approval from Tel Aviv University’s ethical review board 
(0006223–2). The research team implemented strict 
measures to ensure the confidentiality of all participants 
throughout the data collection process. Human subjects, 
including both practicing nurses and nursing students, 
were thoroughly briefed on the study’s objectives and 
procedures. Participation was entirely voluntary, with 
everyone providing informed consent.

This study was conducted in full compliance with the 
ethical principles outlined in the Declaration of Helsinki. 
A key aspect of the ethical framework was the empha-
sis on participants’ autonomy. All subjects were clearly 
informed of their right to withdraw from the study at any 
time, without needing to justify their decision.

Results
The sociodemographic characteristics of the study’s 
human participants are summarized in Table 1, compar-
ing nursing students (N = 91) with pediatric and neona-
tal nurses (N = 101). Nursing students had an average age 
of 25.4  years (SD = 5.26), whereas practicing nurses had 
a higher mean age of 37.4 years (SD = 9.68). The average 
nurses’ years of experience was 11.28 years (SD = 9.82).

In terms of gender distribution, most of both groups 
were female, with 83.7% of students and 95% of nurses 
identifying as women. The nursing students were evenly 
distributed across academic years: 31.5% were in their 
second year, 32.6% in their third year, and 35.9% in their 
fourth year. Among nurses, 75.2% held a B.A. degree, 
while 24.8% had an M.A.

Regarding work experience, 41.3% of students reported 
having some nursing assistance experience, while 64.4% 
of nurses had completed post-basic courses. Most nurses 
(70%) reported having made a medication calculation 
error during their work, compared to 19.5% of students 
who reported errors during their nursing studies.

Table  2 summarizes recommendations for preventing 
errors in medication calculations, gathered from study 
participants, including nurses, students, and GenAI 
models. The recommendations are organized around 
several central themes, each featuring specific sugges-
tions from various perspectives. Key sub-themes include 
double-checking procedures, calculation methods, work 
environment considerations, training exercises simula-
tions, drug configuration, and the use of technology in 
medication management.

The recommendations range from practical advice, 
such as using calculators and clearly writing out calcula-
tions, to systemic changes like reducing work load and 
implementing regular training sessions.

Figure   1 provides a visual summary of recommenda-
tions for preventing medication errors, organized into six 
key themes: Double Check, Method of Calculation, Work 
Environment, Exercises, Drug Configuration, and Use 
of Technology. Under each theme, the specific groups 
(GenAI models, Nursing Students, and/or Pediatric and 
Neonatal Nurses) that contributed recommendations 
within that category are listed, based on the qualitative 
responses from the participants.

For example, the Double Check theme includes rec-
ommendations from all three groups—GenAI models, 
Nursing Students, and Nurses. In contrast, the Work 
Environment theme only includes recommendations 
from the GenAI models and Nurses, as Nursing Students 
did not provide any suggestions within that category. 
Similarly, the Use of Technology theme was recom-
mended by the GenAI models and Nursing Students, but 
not by the Nurses.

Additionally, the Drug Configuration theme stresses 
that all GenAI models except for LLAMA made recom-
mendations for this category.

Discussion
The findings of this study highlight challenges in medi-
cation calculation accuracy among nurses. A significant 
number of nurses reported having made medication cal-
culation errors in the past. 70% of nurses acknowledged 

Table 1 Sociodemographic characteristics of the human study sample
Variable Nursing students (N-91) Nurses (N − 101)
Age mean (SD) 25.4 (5.26) 37.4 (9.68)
Seniority (year) – 11.28 (9.82)
Variable N (%)
Gender
Male 15(16.3) 5 (5)
Female 77 (83.7) 96 (95)
Academic year/Academic status Second year 29 (31.5) B. A 76 (75.2)

Third year 30 (32.6) M.A 25 (24.8)
Fourth year 33 (35.9)

Student work in nursing/Post basic course Yes 38 (41.3) Yes 65 (64.4)
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Theme Sub theme Nurses Students Claude 3.5 ChatGPT-4.0 Open AI o1 LLAMA 
3 8b

Double check “It’s crucial to 
maintain strict 
double-checking 
of medications, 
especially in pedi-
atric wards. Don’t 
show the calcula-
tion result to the 
reviewing nurse, so 
she can perform her 
own calculation in-
dependently. This is 
true quality control!” 
(Nurse #9)

“Ask another people to 
do the calculation and 
then compare answers.” 
(Student #38)
“Share your calculation 
with someone else.” 
(Student #58)

Double 
check

Double check Double check Double 
check

Method of 
calculation

Calculator “Always use a calcu-
lator.” (Nurse #39)
“Make sure to 
perform calculations 
using a calculator 
and don’t rely on 
memory.” (Nurse 
#71)

“Emphasize the use of a 
calculator.” (Student #3).

Use of 
calculators

Use of 
calculators

Use of calculators Use of 
calculators

Triple value “Teach ‘Triple value’ 
simply.” (Nurse #10)

Adopt universal 
calculation methods: 
Use a consistent ap-
proach, such as the 
“dimensional analysis” 
or “ratio-proportion”

Calculation 
tools

“Organized tables in the 
medication room show-
ing common dosages.” 
(Student #83)
“Place paper, pens, 
and calculators in the 
medication room. Also, 
hang a chart showing 
and reminding of the 
relationships between 
different measurements 
(grams, mg, mcg, liters, 
ml, etc.).” (Student #59)

Built in 
protocols 
to follow, 
checklists
Ready to use 
calculated 
doses
Visual aids

Built in protocols 
to follow, 
checklists

Provide nurses with 
pocket guides, refer-
ence charts
Ready to use calcu-
lated doses
Visual aids

Calculation 
sheets or 
worksheets

Double 
calculation

“Always recalculate and 
don’t rely on memory, 
even for medications 
that are frequently 
used.” (Student #8)

Calculation 
on the page 
(written)

“Write calculations 
on paper and don’t 
do them in your 
head, even if you’re 
familiar with the 
medication.” (Nurse 
#57)
“Paper and pen, 
calculator, written 
instructions” (Nurse 
#78)

“Don’t do calculations 
in your head and don’t 
prepare medications 
out of habit.” (Student 
#52)

Provide 
calculation 
sheets or 
worksheets 
that can 
be used to 
perform 
calculations

Table 2 Central themes and quotes for research participants’ recommendations to prevent errors in medication calculation
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having made such errors, compared to only 19.5% of 
nursing students. This discrepancy is understandable 
given the greater frequency with which nurses perform 
calculations in their daily practice, as well as the com-
plexities of their work environment [16].

Furthermore, Cognitive Load Theory explains the chal-
lenges faced in clinical settings during drug dose calcu-
lations, highlighting how the use of cognitive resources 
in problem-solving tasks, along with the limitations 
of working memory, can impact performance in com-
plex calculations and potentially lead to errors. These 
challenges are exacerbated by the demanding nature of 
nurses’ work, including 24/7 shifts, night shifts, and the 

associated fatigue and drowsiness, which further increase 
extraneous cognitive load. Fatigue-related cognitive 
strain may impair working memory capacity, slowing 
down processing speed and increasing the likelihood of 
miscalculations. In this context, AI-based decision-sup-
port tools may play a crucial role in reducing cognitive 
burden, particularly in high-pressure situations where 
nurses must make rapid and accurate medication-related 
decisions [3].

Interestingly, nurses placed a strong emphasis on the 
importance of double-checking procedures in their rec-
ommendations, in contrast to students who highlighted 
the significance of practical training exercises. This focus 

Theme Sub theme Nurses Students Claude 3.5 ChatGPT-4.0 Open AI o1 LLAMA 
3 8b

Work 
environment

“Remove work pres-
sure” (Nurse #34)

Safe 
environ-
ment to ask 
questions
Safe envi-
ronment 
to report 
mistakes
Quiet place 
to calculate

Safe environ-
ment to ask 
questions

Safe environment to 
ask questions

Foster a 
culture of 
safety and 
transpar-
ency, 
encourag-
ing staff to 
speak up if 
they notice 
an error or 
concern

Exercises “Conduct regular 
practice exercises 
and tests, even for 
experienced staff.” 
(Nurse #22)
“Update compe-
tency test questions 
and make them rel-
evant to the specific 
department.” (Nurse 
#32)

“Practice, practice, prac-
tice. Both theoretical 
and practical.” (Student 
#10)
“Try to teach nursing 
calculations through 
logical thinking rather 
than relying solely on 
formulas.” (Student #68)

Training for 
the staff
Periodical 
simulations

Training for the 
staff
Periodical 
simulations

Training and Pharma-
cology refreshers:
Periodical 
simulations

Pharma-
ceutical 
calculation 
training

Drug 
configuration

“Consistent dilution 
of medication across 
different pharma-
ceutical companies. 
Small vials for very 
high-risk medica-
tions.” (Nurse No. 69)

Clear 
labelling of 
medication 
name, dose
Standard 
units for all 
medica-
tion and 
calculation

Clear labelling 
of medication 
name, dose

Reference charts: 
Provide laminated 
dosage calculation 
charts for common 
medications at 
nurses’ stations

Use of 
technology

“Software that 
calculates the dosage 
according to the 
medication available in 
the department, which 
comes after the calcula-
tion for self-verification.” 
(Student No. 4)
“Software/application 
that allows data input 
and calculates the 
dosage. (Including rate, 
etc…)” (Student No. 24)

Use digital 
tools or 
apps 
designed

Utilize calcula-
tion apps and 
electronic medi-
cal records

Mobile apps Utilize 
technolo-
gy, such as 
calculators 
or mobile 
apps

Table 2 (continued) 
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from nurses is logical, given their professional experience 
and the need for reliable practices that mitigate errors 
[17].

The recommendation for double-checking is especially 
important, as it highlights the value of incorporating 
GenAI as an additional layer of verification in medication 
administration. This could help prevent errors not only 
in high-risk situations but also in routine practices that 
currently require double-checking. Among students, who 
generally lack extensive practical experience, there was a 
strong emphasis on the need to acquire relevant knowl-
edge while integrating innovative technologies for calcu-
lating medication dosages.

It is noteworthy that only students mentioned the use 
of GenAI in their recommendations. This suggests a gap 
in awareness or acceptance of technological solutions 
among practicing nurses, who may benefit from train-
ing that integrates these tools into their workflows. How-
ever, it is important to consider the potential drawbacks 
of using the proposed AI system, ensuring that it assists 
and complements, rather than replaces, nurses’ funda-
mental understanding of drug calculations. The system 
is not intended to bypass the critical thinking process 
of the healthcare team, but to serve as a supportive tool 
that enhances work efficiency and reduces errors. It is 
essential to emphasize that professionals should remain 
actively involved in the decision-making process, ensur-
ing that the recommendations generated by the system 
are reviewed and manually approved before implementa-
tion [11]. Additionally, safeguards should be in place to 
require nurses to demonstrate their understanding of cal-
culations before using artificial intelligence tools [10].

Furthermore, there was minimal reference among 
nurses to the importance of drug configuration—an 
aspect well-documented in the literature as critical for 
error prevention. This lack of attention may indicate 
either a gap in knowledge or a disconnect between the-
ory and practice in real-world settings [18].

One nurse’s comment about double-checking, deliv-
ered with a hint of irony, suggesting that despite its rec-
ognized importance, this practice is not consistently 
implemented. This raises concerns about adherence to 
protocols, which may contribute to the frequency of 
calculation errors. The necessity for clear written guide-
lines and consistent practice is evident, as is the need for 
ongoing education and training to reinforce these prac-
tices [19].

An important consideration is how we framed our 
questions to students regarding their past experiences 
with medication calculation errors. Asking them if they 
had made such errors “as nurses” could be misleading, as 
they are still in training and not yet licensed profession-
als. This highlights the need for careful wording in survey 

instruments to accurately capture relevant experiences 
without misrepresenting participants’ statuses.

When comparing the recommendations from nurses 
and students to those generated by GenAI models, it is 
essential to assess whether there are novel insights or 
approaches. While nurses tended to propose more prac-
tical solutions, students may have offered innovative 
ideas that reflect their recent academic training. Under-
standing these differences could inform the development 
of more effective training programs for both groups, 
emphasizing the integration of practical skills and tech-
nological advancements.

Finally, the successful integration of AI-based decision-
support tools into nursing practice is not solely a tech-
nical challenge but also a collaborative effort requiring 
input from multiple disciplines. While nurses and edu-
cators play a crucial role in guiding the digital transfor-
mation of nursing, researchers in healthcare informatics 
and engineers specializing in AI and automation must 
also be actively involved. Effective workflow automa-
tion, as discussed by Zayas-Cabán et al. [20], depends 
on structured collaboration among these stakeholders to 
align technological advancements with real-world clini-
cal demands. By fostering interdisciplinary partnerships, 
healthcare institutions can enhance AI adoption, improve 
medication safety, and optimize nursing workflows, ulti-
mately reducing cognitive burden and improving patient 
outcomes.

Limitations
This study has several limitations that should be acknowl-
edged. First, the sample size, while adequate, may not 
fully represent the broader population of nursing fields 
of expertise. Additionally, the reliance on self-reported 
data may introduce bias, as participants could underre-
port or overreport their experiences with medication cal-
culation errors. Furthermore, the study’s cross-sectional 
design limits the ability to draw causal inferences about 
the effectiveness of recommended strategies.

Another limitation is the potential for variability in the 
interpretation of questions related to past experiences. 
The phrasing used may not have accurately captured the 
experiences of nursing students, leading to potential mis-
understandings in their responses. Another limitation, in 
the context of using artificial intelligence for drug dosage 
calculations, is the need to consider technical limitations 
and potential failure scenarios. This highlights the impor-
tance of safety checks and human oversight to ensure the 
system’s reliability.

Conclusion
In conclusion, addressing the ongoing issue of medica-
tion calculation errors requires a multifaceted approach 
that includes enhancing training, improving adherence 
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to double-checking protocols, and integrating GenAI 
models. By fostering a culture of safety and continuous 
learning, we can better equip nursing professionals to 
minimize errors and improve patient outcomes.

Future research should explore the effectiveness of 
specific interventions and training programs designed to 
integrate technological solutions into nursing practice, 
with the goal of enhancing medication safety in clinical 
settings. Additionally, existing global practices aimed at 
reducing errors in drug dosage calculations should be 
thoroughly examined.
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