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ABSTRACT 

Background 

Artificial intelligence (AI) is playing an increasingly important role in reshaping the delivery and practice of healthcare and medical 

education through its use in areas such as disease diagnosis, clinical decision support, medical image interpretation, and personalized 

learning. Future physicians require adequate knowledge, appropriate attitudes, and practical competencies to use AI effectively and ethically. 

However, evidence regarding medical students’ preparedness for AI in Afghanistan remains limited. 

Objective 

To assess knowledge, attitudes, and practices regarding artificial intelligence (AI) among medical students in Jalalabad, Nangarhar Province, 

Afghanistan, and to identify educational factors associated with AI knowledge and utilization. 

Methods 

A cross-sectional study was conducted between November 2025 and February 2026 among 386 undergraduate medical students enrolled in 

government and private medical faculties in Jalalabad, Nangarhar Province, Afghanistan. Participants were recruited using a non-probability 

self-selection sampling approach. Data were collected through a pre-tested, structured questionnaire administered via Google Forms. The 

questionnaire assessed participants’ knowledge, attitudes, and practices regarding artificial intelligence (AI). Data were analysed using IBM 

SPSS Statistics version 23. Descriptive statistics were used to summarize participants’ characteristics and study variables. Associations between 

categorical variables were examined using the Pearson chi-square test of independence, while correlation analysis was performed to assess 

relationships between continuous variables. Multiple linear regression analysis was conducted to identify factors associated with AI-related 

knowledge, attitudes, and practices. A p-value of <0.05 was considered statistically significant. 

Results 
The majority of participants were between 18 and 22 years of age (60.1%), and 65.0% were enrolled in General Medicine. General 

Medicine students demonstrated significantly higher knowledge of AI concepts and applications compared with other faculties (P < 0.001). 

Positive correlations were observed among AI knowledge domains, while greater knowledge of AI limitations and ethical concerns was 

associated with lower use of AI for some academic activities. AI utilization differed by academic year for assignments and research 
activities (P < 0.05), with no consistent junior–senior pattern. Attitude-related variables were not significant independent predictors 
of AI utilization.  
Conclusion 

Although medical students generally expressed favorable views toward AI, opportunities for formal education in this area were limited. 
Integrating structured AI education, ethical training, and practical learning opportunities into medical curricula is needed to strengthen AI 

readiness among future healthcare professionals in Afghanistan. 
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Introduction                                                                                                                              

Artificial intelligence (AI) has emerged as one of the defining 

technologies of the Fourth Industrial Revolution and is increasingly 

transforming healthcare delivery, biomedical research, and medical 

education worldwide. AI refers to computational systems capable of 

performing tasks that traditionally require human intelligence, 

including learning, reasoning, problem-solving, pattern recognition, 

and decision-making [1]. In healthcare, AI has demonstrated 

substantial potential through its ability to analyze large and complex 

datasets, support clinical decision-making, improve diagnostic 

accuracy, and enhance healthcare delivery [2]. Machine learning 

(ML), a major branch of AI, enables computer systems to learn from 

data and improve performance without explicit programming, while 

deep learning (DL), a subset of ML, uses artificial neural networks to  

 

analyze complex datasets and has shown significant applications in 

medical imaging, disease diagnosis, and other healthcare domains [3–

5]. 

The rapid advancement of AI has expanded its applications across 

multiple healthcare disciplines. AI technologies are increasingly used 

in oncology for cancer detection, classification, and treatment 

planning [6], gastroenterology for assisting endoscopic diagnosis and 

improving lesion detection [7], and radiology for image 

interpretation, workflow optimization, and clinical decision support 

[3]. Furthermore, the increasing availability of healthcare-related big 

data has created opportunities for AI-based approaches to improve 

clinical decision-making and personalized healthcare [2,8]. Beyond 

clinical practice, AI has become an important educational tool 
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through applications such as adaptive learning platforms, virtual 

patient simulations, automated assessment systems, and research 

support tools, which may enhance students’ learning experiences, 

clinical reasoning, and decision-making abilities [9,10]. 

Consequently, competence in artificial intelligence is increasingly 

regarded as a key skill for healthcare professionals of the future. 

Globally, medical schools have increasingly recognized the need to 

prepare students for AI-supported healthcare environments. Studies 

conducted among medical and healthcare students in Pakistan, Syria, 

Lebanon, Saudi Arabia, and other settings have generally reported 

positive attitudes toward AI, while also identifying gaps in AI 

knowledge, practical skills, and formal educational opportunities 

[11–16]. Similar findings have been reported internationally, with 

students generally recognizing the importance of AI in medicine 

while identifying insufficient formal training and limited 

opportunities for structured AI education as important gaps [15,16]. 

These challenges have led to increasing recommendations for 

integrating AI competencies, including fundamental concepts, 

clinical applications, ethical considerations, and practical skills, into 

medical education programs [17]. 

Despite increasing international evidence, research from low-

resource and conflict-affected settings remains limited. Educational 

infrastructure, technological accessibility, internet availability, and 

opportunities for AI training differ substantially from high-income 

settings, which may influence students’ preparedness and limit the 

generalizability of existing evidence. Within Afghanistan, emerging 

research has begun to examine AI knowledge, attitudes, and practices 

among medical students, although the available evidence remains 

limited [18–20]. However, comprehensive evidence regarding 

medical students’ knowledge, attitudes, and practical utilization of AI 

remains scarce. 

Assessing medical students’ preparedness for AI is particularly 

important because current students will become future healthcare 

professionals working within increasingly digital and AI-supported 

healthcare systems. Understanding their knowledge, attitudes, and 

practices can help identify educational gaps, inform curriculum 

development, and support responsible and ethical incorporation of AI 

into healthcare education and professional practice. 

Therefore, this study aimed to assess knowledge, attitudes, and 

practices regarding artificial intelligence among medical students in 

Jalalabad, Nangarhar Province, Afghanistan. Additionally, the study 

examined demographic and educational factors associated with AI 

knowledge and utilization. The findings provide context-specific 

evidence to support curriculum development, educational planning, 

and future strategies for responsible AI integration into undergraduate 

medical education in Afghanistan. 

Materials and Methods 

Study Design 

A cross-sectional study was conducted between November 2025 and 

February 2026 among undergraduate medical students enrolled at 

Spinghar Medical University, Rokhan Medical University, Aryana 

Medical University, and  Nangarhar Medical Faculty in Jalalabad, 

Nangarhar Province, Afghanistan. 

Study Setting 

The study was conducted among undergraduate medical students 

enrolled at Spinghar Medical University, Rokhan Medical University, 

Aryana Medical University, and  Nangarhar Medical Faculty in 

Jalalabad, Nangarhar Province, Afghanistan. Students from different 

academic years and health-related programs, including General 

Medicine, Stomatology, and Medical Technology, were invited to 

participate. In this study, General Medicine refers to the 

undergraduate medical degree program leading to qualification as a 

medical doctor. 

Study Period 

Data collection was conducted between November 2025 and 

February 2026 using a self-administered online questionnaire. 

Study Population 

The study population comprised undergraduate students enrolled in 

health-related medical programs at government and private medical 

institutions in Jalalabad City, including Spinghar Medical University, 

Rokhan Medical University, Aryana Medical University, and 

Nangarhar Medical Faculty, during the study period. The 

participating programs included General Medicine, Stomatology, and 

Medical Technology. For consistency with the study title and 

research objectives, these participants are collectively referred to as 

medical students throughout the manuscript. 

Eligibility Criteria 

Inclusion Criteria 

 Undergraduate medical students enrolled in government or 

private medical faculties. 

 Students from all academic years. 

 Students who voluntarily participated in the study and 

provided informed consent electronically. 

Exclusion Criteria 

 Students who declined to participate. 

 Incomplete questionnaire responses. 

 Duplicate questionnaire submissions. 

Sample Size Calculation 

The sample size was calculated using Epi Info version 7 based on the 

single population proportion formula: n = Z²p(1−p) / d² 

where n is the required sample size, Z is the standard normal deviate 

corresponding to a 95% confidence level (1.96), p is the anticipated 

proportion, and d is the desired margin of error. In the absence of 

previous local estimates of knowledge, attitudes, and practices 

regarding artificial intelligence among medical students in 

Afghanistan, a conservative proportion of 50% was assumed. Using 

a 95% confidence level and a 5% margin of error, the minimum 

required sample size was 384 participants. No additional adjustment 

for non-response was applied because the survey was administered 

through voluntary, non-probability online recruitment and the 

number of students who received the invitation could not be reliably 

determined. A total of 386 complete questionnaires were included in 

the final analysis, slightly exceeding the minimum required sample 

size. 

Sampling Method 

A non-probability self-selection sampling technique was employed 

because of logistical constraints, limited access to students, and time 

limitations. The questionnaire link was distributed directly through 

student WhatsApp groups at the participating universities and was 

further disseminated by students through their peer networks. 

Although this approach facilitated broad participation, it may have 

introduced selection bias because students with greater interest in AI 

or better internet access may have been more likely to participate. 

Because the survey was circulated through multiple student groups 

and peer networks, the total number of students who received the 

invitation could not be determined. In addition, institutional 

affiliation was not included as a questionnaire item; therefore, the 

number of respondents from each participating university could not 

be established. Consequently, an institution-specific eligible 

population denominator and conventional response rate could not be 

calculated. 

The online questionnaire was administered using Google Forms. The 

“Limit to 1 response” function was enabled to reduce the possibility 

of duplicate submissions. Participation was voluntary, and electronic 

informed consent was obtained before questionnaire completion. 
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Therefore, the findings should be interpreted with caution, as they  

may not be representative of the broader population of medical 

students in Afghanistan. 

Participant Flow 
A total of 386 complete questionnaires were included in the final 

analysis. Because the survey invitation was disseminated through 

WhatsApp groups and peer-to-peer sharing without a record of the 

number of recipients, the numbers of students invited, exposed to, or 

completing the survey could not be reliably determined. Therefore, a 

conventional response rate could not be calculated. The final 

analytical sample comprised 386 participants.  

Data Collection Procedures 
A structured questionnaire adapted from the instrument developed by 

Al-Qeren et al. (2023) was used for data collection. The original 

instrument was reviewed and adapted to reflect the Afghan 

undergraduate medical education context, including modification of 

wording and terminology where necessary while retaining the core 

constructs of AI knowledge, attitudes, and practices. The adapted 

questionnaire was subsequently reviewed by subject-matter experts 

and pilot-tested before final administration. 

The questionnaire consisted of three domains: 

 Knowledge: seven dichotomous (Yes/No) items assessing 

knowledge of AI concepts and applications. Each correct 

response was scored as 1 and each incorrect response as 0, 

giving a possible total knowledge score of 0–7, with higher 

scores indicating greater AI knowledge. 

 Attitude: items rated on a five-point Likert scale ranging 

from 1 (strongly disagree) to 5 (strongly agree), with higher 

scores indicating more positive attitudes toward AI. 

 Practice: items rated on a five-point Likert scale ranging 

from 1 (never) to 5 (very high), with higher scores 

indicating greater AI-related practice and utilization. 

Composite scores were calculated by summing the responses within 

each domain. 

Content validity was evaluated through an expert review involving 

five specialists in medical education, public health, and artificial 

intelligence. Based on their recommendations, minor changes were 

made to enhance the relevance and clarity of the questionnaire. 

Internal consistency reliability was evaluated using Cronbach's alpha 

coefficients, yielding values of 0.766 for the knowledge domain, 

0.664 for the attitude domain, and 0.843 for the practice domain, 

indicating acceptable to good reliability. 

Study Variables 

The primary outcome variables were participants' knowledge, 

attitudes, and practices regarding artificial intelligence (AI). 

Independent variables included age, faculty, academic year, previous 

exposure to AI training, and other relevant demographic and 

educational characteristics. 

Outcome Measures 

The primary outcomes of the study were knowledge, attitudes, and 

practices regarding AI among medical students. Secondary outcomes 

included differences in AI knowledge across academic faculties, 

associations between AI knowledge and AI utilization, associations 

between attitudes toward AI and AI utilization, and differences in AI 

utilization patterns across academic years. 

Statistical Analysis 

Data were entered, cleaned, and analyzed using IBM SPSS Statistics 

version 23. Participant characteristics and study variables were 

summarized using descriptive statistics, including frequencies, 

percentages, means, and standard deviations. 

Descriptive statistics were used to summarize participants’ 

characteristics and study variables. Associations between categorical 

variables were examined using the Pearson chi-square test of 

independence, while correlation analysis was performed to assess 

relationships between continuous variables. Multiple linear 

regression analysis was conducted to identify factors associated with 

AI-related knowledge, attitudes, and practices. A p-value of <0.05 

was considered statistically significant. 

Ethical Considerations 

Ethical approval was obtained from the Ethics Committee of 

Spinghar Medical University, Nangarhar, Afghanistan (Approval No. 

7, approved on 1404/07/28). The study was conducted in accordance 

with the principles of the Declaration of Helsinki. Participation was 

voluntary, and electronic informed consent was obtained from all 

participants before questionnaire completion. The online 

questionnaire was anonymous and did not collect names, telephone 

numbers, email addresses, student identification numbers, or other 

directly identifiable information. The “Limit to 1 response” function 

in Google Forms was enabled to reduce the possibility of duplicate 

submissions. Data were stored in a password-protected electronic file 

and were accessible only to the research team. All data were used 

solely for research purposes and reported in aggregate to maintain 

participant confidentiality. 

 ResultsSocio-Demographic Characteristics of Participants 

The study included 386 undergraduate medical students in total. 

Participants aged 18–22 years represented the largest proportion of 

the study population (232, 60.1%), followed by those aged 23–27 

years (143, 37.0%) and 28–32 years (11, 2.8%). Regarding faculty, 

251 (65.0%) participants were enrolled in the Faculty of General 

Medicine, 88 (22.8%) in the Faculty of Stomatology, and 47 (12.2%) 

in the Faculty of Medical Technology. First-year students constituted 

the largest proportion of respondents (143, 37.0%), followed by 

fourth-year (94, 24.4%), second-year (87, 22.5%), fifth-year (34, 

8.8%), and third-year students (28, 7.3%). The socio-demographic 

characteristics of the participants are illustrated in Table 1. 

Table 1: Sociodemographic characteristics of participants (n = 386) 

 

Comparison of AI knowledge items across academic faculties (N = 

386) A Chi-square test of independence was performed to compare  

significant differences across all seven evaluated knowledge items 

 

 

 

 

 

 

Demographic 

Characteristics 

Category Frequency 

(N) 

Percentage 

(%) 

Age 18–22 years 232 60.1 

23–27 years 143 37.0 

28–32 years 11 2.8 

Faculty General 

Medicine 

251 65.0 

Stomatology 88 22.8 

Medical 

Technology 

47 12.2 

Academic Year First Year 143 37.0 

Second Year 87 22.5 

Third Year 28 7.3 

Fourth Year 94 24.5 

Fifth Year 34 8.8 

Total 386 100 
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 (p < .05).Regarding basic AI concept familiarity, students from 

General Medicine exhibited the highest rate of familiarity ( 81.3% ), 

followed by Stomatology ( 62.5% ) and Medical Technology ( 57.4% 

), showing a statistically significant association,  𝜒2 = 19.691, p < 

.001,  Similarly, awareness of Machine Learning (ML) and Deep 

Learning (DL) concepts was significantly higher among General 

Medicine ( 59.8% ) and Stomatology ( 52.3% ) respondents compared 

to Medical Technology ( 23.4% ),  𝜒2= 21.125, p < .001. 

A majority of General Medicine students recognized practical AI 

applications in their discipline (65.3%), whereas less than half of 

Stomatology ( 47.7% ) and Medical Technology ( 38.3% ) students 

shared this understanding,  𝜒2= 16.854, p < .001. Formal academic 

curriculum exposure was reported by half of General Medicine 

respondents ( 50.6% ), which was substantially higher than 

Stomatology ( 25.0% ) and Medical Technology ( 23.4% ),  𝜒2  = 

24.773, p < .001. 

Engagement in extra-curricular AI courses was generally low across 

the board; however, General Medicine students showed relatively 

higher participation (31.9%) than Stomatology (17.0%) and Medical 

Technology (10.6%), 𝜒2 = 13.962, p = .001. Furthermore, 

understanding the requirement of labelled training data for AI was 

most prominent in General Medicine ( 74.9% ), followed by 

Stomatology ( 61.4% ) and Medical Technology ( 55.3% ),  𝜒2= 

10.646, p = .005. Lastly, familiarity with ethical and practical AI 

challenges was predominant only among General Medicine students 

( 52.6% ), while the majority of Stomatology ( 64.8% ) and Medical 

Technology ( 68.1% ) students lacked awareness𝜒2= 12.246, p = 

.002. A detailed presentation of the findings is provided in Table 2. 

Table 2: Comparison of AI Knowledge Items across Academic 

Faculties (N = 386) 

Note. Values are presented as n (%). Percentages within faculty 

columns are calculated using the respective faculty denominator; 

percentages in the total column are based on N = 386. Pearson's chi-

square test was used to assess the association between faculty and 

each AI knowledge item. AI = artificial intelligence; ML = machine 

learning; DL = deep learning. p < .05 was considered statistically 

significant. 

The analysis of the relationship between knowledge and the 

practical use of Artificial Intelligence  

The relationship between students’ knowledge of artificial 

intelligence (AI) and their practical use of AI tools was assessed using 

Spearman’s rank correlation coefficient. 

The analysis demonstrated statistically significant positive 

correlations among different dimensions of AI knowledge (P < 0.01). 

A moderate positive correlation was seen between knowledge of 

fundamental AI concepts and knowledge of machine learning and 

deep learning concepts (r = 0.458). 

In contrast, negative correlations were identified between certain AI 

knowledge domains and practical AI use. Knowledge of fundamental 

AI concepts showed negative correlations with the use of AI for 

academic assignments (r = -0.261) and scientific writing and research 

activities (r = -0.284). 

Positive correlations were also observed among different domains of 

AI utilization. Students’ use of AI for idea generation was positively 

associated with other AI-related activities, including professional 

guidance and skill development. The detailed correlation coefficients 

and significance values for the relationship between AI knowledge 

domains and AI utilization are presented in the relevant table. 

Analysis of the Relationship Between Students’ Attitudes and 

Practical Use of AI 

The relationship between students’ attitudes toward artificial 

intelligence (AI) and their practical use of AI tools was assessed using 

correlation analysis and linear regression analysis. 

Correlation analysis showed a statistically significant but very weak 

positive association between the perceived need for learning basic AI 

concepts and practical AI use (r = 0.104, P = 0.021). Positive 

correlations were also observed between AI utilization and attitudes 

related to future technological developments and the perceived 

diagnostic capabilities of AI. Conversely, negative correlations were 

observed between AI utilization and concerns regarding potential 

risks associated with AI, including the possibility of AI replacing 

educators and increasing medical errors. 

 Multiple linear regression analysis was conducted to assess the 

independent association between attitude-related variables and 

practical AI use. When all attitude variables were included 

simultaneously in the regression model, none of the predictors 

showed a statistically significant independent association with AI 

utilization (P > 0.05). The highest positive regression coefficients 

were observed for perceived threats to medical professions, such as 

radiology (β = 0.095), and the perceived importance of understanding 

basic AI concepts (β = 0.083); however, these associations did not 

reach statistical significance. 

The detailed correlation and regression analysis results are presented 

in Table 3. 

Table 3: Associations between students’ attitudes toward AI and 

practical AI utilization (N = 386) 
Attitude variable Correlation 

coefficient (r) 

Regression 

coefficient (β) 

P 

Valu 

Need for learning basic AI 
concepts 

0.104 0.083 .178 

Acceptance of AI as an 

important tool in the 
workplace 

0.055 −0.013 .839 

Importance of learning the 

ethical aspects of AI 

0.066 0.035 .555 

Perception of change in the 

medical education system 

0.070 0.051 .351 

Perceived threat to 
professions (e.g., 

radiology) 

0.096 0.095 .090 

Interest in future AI 
developments 

0.037 −0.010 .862 

Knowledg

e item 

Stomatolo

gy, n = 88, 

n (%) 

Medical 

Technolo

gy, n = 
47, n (%) 

General  

Medici

ne, n = 
251, n 

(%) 

Tota

l, N 

= 
386, 

n 

(%) 

Pears

on χ² 

p 

Familiar 

with basic 

AI 
concepts 

55 (62.5) 27 (57.4) 204 

(81.3) 

286 

(74.

1) 

19.69

1 

< 

.00

1 

Knowledg

e of ML 
and DL 

concepts 

46 (52.3) 11 (23.4) 150 

(59.8) 

207 

(53.
6) 

21.12

5 

< 

.00
1 

Know 
practical 

AI 

examples 
in field 

42 (47.7) 18 (38.3) 164 
(65.3) 

224 
(58.

0) 

16.85
4 

< 
.00

1 

Received 

formal AI 
training in 

curriculu

m 

22 (25.0) 11 (23.4) 127 

(50.6) 

160 

(41.
5) 

24.77

3 

< 

.00
1 

Attended 

online/offl

ine AI 
courses 

15 (17.0) 5 (10.6) 80 

(31.9) 

100 

(25.

9) 

13.96

2 

.00

1 

Aware 

that AI 
requires 

labeled 

data 

54 (61.4) 26 (55.3) 188 

(74.9) 

268 

(69.
4) 

10.64

6 

.00

5 

Aware of 

ethical and 
practical 

barriers 

31 (35.2) 15 (31.9) 132 

(52.6) 

178 

(46.
1) 

12.24

6 

.00

2 
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Demand for inclusion of AI 
in the medical curriculum 

0.042 0.002 .975 

Perceived diagnostic 

capability of AI compared 
with doctors 

0.087 0.080 .150 

Perception that AI may 

replace teachers 

−0.023 −0.083 .147 

Concern about increased 

medical errors due to AI 

−0.001 −0.033 .546 

Note. N = 386. r = correlation coefficient; β = standardized regression 

coefficient; AI = artificial intelligence. p values are two-tailed. p < 

.05 was considered statistically significant. 

Relationship Between Students’ Academic Level and the Use of 

Artificial Intelligence 

A Pearson chi-square test of independence examined the association 

between students’ academic year (first through fifth year) and their 

AI utilization patterns across six functional domains (N = 386). A 

statistically significant association was observed between academic 

year and AI utilization for homework and assignments, χ²(16) = 

28.80, p = .025. The proportion of students reporting frequent or 

always using AI for homework and assignments was higher among 

fifth-year (38.2%) and fourth-year students (36.2%) than among first-

year students (20.3%). A statistically significant association was also 

observed between academic year and AI utilization for research 

papers and projects, χ²(16) = 30.23, p = .017. Frequent or always use 

was highest among fourth-year students (36.2%), whereas third-year 

students had the highest proportion reporting never using AI for this 

purpose (39.3%). AI utilization for career and professional guidance 

also differed across academic years, χ²(16) = 26.29, p = .050. In 

contrast, no statistically significant associations were observed 

between academic year and AI utilization for exam preparation, 

χ²(16) = 22.47, p = .129; brainstorming and ideas, χ²(16) = 22.70, p = 

.122; or personal skill development, χ²(16) = 30.22, p = .066. Detailed 

results of the chi-square analysis of AI utilization patterns across 

academic years are presented in Table 4. 

Table 4: AI utilization patterns across academic years (N = 386) 
AI utilization 

domain and 

practice level 

1st 

yea

r, n 
= 

14

3 

2n

d 

yea
r, n 

= 

87 

3rd 

yea

r, n 
= 

28 

4th 

yea

r, n 
= 

94 

5th 

yea

r, n 
= 

34 

Tot

al, 

N = 
386 

Pears

on χ² 

p 

Exam 
preparation 

      
22.47 .12

9 

Frequent/Alway

s 

18.

2 

24.

1 

28.

6 

24.

5 

23.

5 

27.

5 

  

Occasional/Som

etimes 

63.

6 

66.

7 

46.

4 

63.

8 

70.

6 

63.

7 

  

Never 18.
2 

14.
9 

25.
0 

11.
7 

5.9 15.
3 

  

Homework and 

assignments 

      
28.80 .02

5 
Frequent/Alway

s 

20.

3 

24.

1 

25.

0 

36.

2 

38.

2 

26.

9 

  

Occasional/Som
etimes 

61.
5 

60.
9 

50.
0 

55.
3 

58.
8 

58.
8 

  

Never 18.

2 

14.

9 

25.

0 

8.5 2.9 14.

2 

  

Research papers 

and projects 

      
30.23 .01

7 

Frequent/Alway
s 

25.
9 

20.
7 

7.1 36.
2 

26.
5 

25.
9 

  

Occasional/Som
etimes 

49.
7 

55.
2 

53.
6 

47.
9 

50.
0 

50.
8 

  

Never 24.

5 

24.

1 

39.

3 

16.

0 

23.

5 

23.

3 

  

Brainstorming 

and ideas 

      
22.70 .12

2 

Frequent/Alway
s 

34.
3 

23.
0 

17.
9 

31.
9 

32.
4 

29.
8 

  

Occasional/Som

etimes 

43.

4 

57.

5 

53.

6 

55.

3 

58.

8 

51.

6 

  

Never 22.
4 

19.
5 

28.
6 

12.
8 

8.8 18.
7 

  

Career and 

guidance 

      
26.29 .05

0 

Frequent/Alway

s 

24.

5 

25.

3 

25.

0 

31.

9 

29.

4 

26.

9 

  

Occasional/Som

etimes 

47.

6 

56.

3 

46.

4 

57.

4 

55.

9 

52.

6 

  

Never 28.
0 

18.
4 

28.
6 

10.
6 

14.
7 

20.
5 

  

Personal skill 

development 

      
30.22 .06

6 
Frequent/Alway

s 

25.

9 

20.

7 

25.

0 

31.

9 

29.

4 

26.

4 

  

Occasional/Som
etimes 

46.
9 

62.
1 

50.
0 

52.
1 

52.
9 

52.
3 

  

Never 27.

3 

17.

2 

25.

0 

16.

0 

17.

6 

21.

2 

  

Note. Values are percentages. Percentages within each academic-year 

column are based on the respective year-specific denominator; 

percentages in the Total column are based on N = 386. Pearson's chi-

square test was used to assess the association between academic year 

and AI utilization level for each domain. AI = artificial intelligence. 

Statistical significance was set at p < .05. 

Discussion 

This study assessed knowledge, attitudes, and practices regarding 

artificial intelligence (AI) among medical students in Jalalabad, 

Nangarhar Province, Afghanistan. The findings demonstrated that 

students generally had positive perceptions toward AI; however, 

important gaps remained regarding formal AI education, practical  

utilization, and institutional preparation for AI-supported healthcare   

environments. Differences were observed according to faculty type, 

academic level, and AI-related knowledge domains, highlighting the 

influence of educational background and learning opportunities on 

students’ AI readiness. 

Students enrolled in the Faculty of General Medicine demonstrated 

significantly higher knowledge of fundamental AI concepts and 

practical AI applications compared with students from the 

Stomatology and Medical Technology faculties (P < 0.001). This 

finding is broadly consistent with previous research showing that 

medical students recognize the growing relevance of AI in healthcare, 

although substantial gaps remain in formal AI education and 

preparedness [14,15]. One possible explanation is that General 

Medicine students have greater exposure to clinical fields such as 

radiology, medical imaging, diagnostic decision-making, and clinical 

applications of AI, where these technologies are becoming 

increasingly visible [3]. However, despite higher knowledge among 

medical students, the limited availability of formal AI education 

remains a common challenge internationally. Studies from South 

Korea and other settings have reported that medical curricula have 

not yet adequately adapted to the rapid development and 

implementation of AI technologies despite strong student interest 

[15]. 

The present findings are broadly consistent with emerging evidence 

from Afghanistan. A recent study among medical students and interns 

at Herat University reported high general knowledge of AI and 

predominantly positive attitudes, but identified limitations in detailed 

AI knowledge and practical experience. These findings, together with 

the present study, suggest that positive perceptions of AI may coexist 

with important gaps in formal education and practical AI 

competencies among Afghan medical learners [18]. 

One of the key findings emerging from the study was the inverse 

relationship between some AI knowledge domains and practical AI 

utilization. Students with greater knowledge of AI concepts, 

limitations, and ethical considerations reported lower use of AI tools 

for certain academic activities. This finding should be interpreted 

cautiously because the cross-sectional design does not establish 

causal relationships. One possible explanation is that students with 

greater AI literacy may report more selective use of AI tools because 
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of greater knowledge of their limitations, accuracy concerns, and 

ethical implications. However, this interpretation was not directly 

assessed in the present study and should therefore be considered 

hypothesis-generating rather than causal. The use of AI tools also 

raises concerns regarding the accuracy of AI-generated information, 

ethical use, and academic integrity, which may influence how 

students critically evaluate and use these technologies [21]. 

Although students expressed generally favorable attitudes toward AI, 

attitude-related variables were not significant independent predictors 

of AI utilization in the regression analysis. This finding suggests that 

positive perceptions alone may not be sufficient to translate into 

practical AI adoption. Similar observations have been reported 

among medical students in different countries, where interest in AI 

was not always accompanied by adequate practical competency 

because of limited training opportunities, insufficient institutional 

support, and restricted access to AI learning resources [11–14]. In the 

Afghan context, factors such as access to digital resources, 

availability of AI-related educational materials, and opportunities for 

structured AI training could potentially influence the translation of 

positive attitudes into practical AI use. However, these factors were 

not directly measured in the present study and therefore cannot be 

considered explanations for the observed findings. Future studies 

should examine these contextual factors explicitly. 

The present study identified differences in AI utilization across 

academic years for selected activities. AI use for homework and 

assignments differed significantly by academic year, with the 

proportion reporting frequent or always using AI being higher among 

fifth-year (38.2%) and fourth-year students (36.2%) than among first-

year students (20.3%). AI utilization for research papers and projects 

also differed significantly across academic years, with frequent or 

always use highest among fourth-year students (36.2%). In contrast, 

utilization for exam preparation, brainstorming and idea generation, 

and personal skill development did not differ significantly across 

academic years. These findings do not indicate a consistent pattern of 

greater AI use among either junior or senior students [22]. 

Differences across specific activities may reflect variation in 

academic demands and learning requirements at different stages of 

undergraduate education. However, because the study was cross-

sectional, these findings should be interpreted as associations rather 

than evidence that academic progression causes changes in AI 

utilization.  

From an educational and clinical perspective, improving AI literacy 

among future healthcare professionals is essential to ensure safe, 

effective, and ethical adoption of AI technologies. Healthcare 

providers with adequate AI competencies will be better prepared to 

critically evaluate AI-generated information, recognize limitations of 

automated systems, and maintain appropriate clinical judgment when 

using AI-assisted technologies. In resource-limited settings such as 

Afghanistan, responsible AI integration may provide opportunities to 

strengthen medical education, expand access to learning resources, 

support clinical decision-making, and improve healthcare service 

delivery. However, achieving these benefits requires structured 

training programs, institutional policies, and ethical frameworks 

guiding AI implementation [17]. 

This study has several strengths. First, it contributes evidence from 

Afghanistan, a setting where research regarding AI preparedness 

among medical students remains limited. Second, the inclusion of 

students from multiple health-related faculties allowed comparison of 

AI knowledge and utilization patterns across different educational 

disciplines. Third, the study assessed multiple dimensions of AI 

engagement, including knowledge, attitudes, and practices, providing 

a thorough understanding of students’ readiness for AI-supported 

healthcare environments. 

Several limitations should also be considered. First, the cross-

sectional design prevents establishing causal relationships between 

AI knowledge, attitudes, and utilization. Second, the use of voluntary 

online participation may have introduced selection bias because 

students with greater interest in AI or better access to digital resources 

may have been more likely to participate. Third, the study was 

conducted among students from selected medical faculties in 

Jalalabad, Nangarhar Province, Afghanistan therefore; findings may 

not represent medical students in other provinces of Afghanistan. 

Fourth, AI knowledge, attitudes, and practices were self-reported and 

may have been influenced by recall bias, differences in interpretation 

of questionnaire items, or social desirability bias. Fifth, the use of an 

online data collection approach may have resulted in the exclusion of 

students with limited internet access or lower digital engagement, 

potentially affecting representation of some student groups. Finally, 

the quantitative design did not explore deeper contextual factors 

affecting AI adoption, including institutional readiness, faculty 

perspectives, ethical concerns, and students’ perceived barriers. 

Future qualitative studies involving students, faculty members, and 

policymakers could provide further insights into these factors. 

Based on these findings, medical universities should consider 

integrating AI competencies into undergraduate medical curricula 

through structured courses or interdisciplinary modules addressing AI 

fundamentals, healthcare applications, ethical considerations, critical 

evaluation of AI-generated information, and practical skills. 

Universities should also establish AI training programs, workshops, 

and seminars for both students and academic staff to promote 

responsible AI use and improve digital competencies. Furthermore, 

institutional guidelines should be developed to address transparency, 

appropriate acknowledgment of AI-assisted work, and prevention of 

academic misconduct. Future multicenter studies across Afghanistan, 

including qualitative investigations, are recommended to explore 

institutional readiness, barriers, and effective strategies for 

responsible AI integration into medical education and healthcare 

practice. 

Conclusion 

This study demonstrates that among the participating medical 

students in Jalalabad, Nangarhar Province, Afghanistan, there is 

emerging knowledge and positive perceptions regarding artificial 

intelligence (AI); however, significant gaps remain in formal AI 

education and practical application. Although students recognize the 

potential benefits of AI in medical education and healthcare, effective 

adoption requires more than individual interest and depends on 

supportive educational environments, technological infrastructure, 

and access to structured training opportunities. 

These findings underscore the importance of integrating AI 

competencies into undergraduate medical education, with emphasis 

on fundamental concepts, clinical applications, ethical 

considerations, critical evaluation of AI-generated information, and 

responsible use practices. Universities and relevant educational 

authorities should develop context-appropriate AI education 

strategies to prepare future healthcare professionals for the increasing 

role of AI in medicine. 

However, given the non-probability, voluntary self-selection 

sampling approach used in this study, the findings may be subject to 

selection bias and should be interpreted with caution. The results may 

not be generalizable to all medical students in Jalalabad, Nangarhar 

Province, or Afghanistan. Strengthening AI literacy among medical 

students remains important to ensure that emerging technologies are 

adopted safely, effectively, and ethically within healthcare systems. 

Future research should further assess AI readiness among healthcare 

professionals and evaluate effective approaches for integrating AI 

education within the Afghan academic and healthcare context. 
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