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ABSTRACT 
 

Aims: to revisited the irreplaceability of practicum and laboratory classes for medical student and 
its benefit, even in the artificial intelligence (AI) era. 
Discussion: The transformative potential of AI in every aspect of human also reshape the 
pedagogy of medical education. Integrating AI into medical education offers numerous potential 
benefits, including improved curriculum design and evaluation and the ability to refine the delivery 
of objective student assessment, better clinical simulation organization, and enhanced education 
transparency. On contrary, the main challenges of AI integration in medical education are ethical 
and legal issues, scalability limitations, technical difficulties, and evaluating the effectiveness of 
traditional educational methods such as practicum or laboratory classes. Fortunately, Practicums is 
still considering important because they provide students with real-world hands on experience and 
the opportunity to apply whatever theory taught in the classroom to practice. Furthermore, it can 
integrate knowledge and better understanding which acquired through coursework and other 
combined learning experiences. AI does not have the capability to replace human contact and 
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moral values in practicum. The balance between AI and traditional hands-on learning is a must and 
the benefits of AI incorporation to medical curriculum, including practicum and laboratory classes 
with the enduring need for practical experiences will benefit all stakeholder. 
Conclusion: The irreplaceability of hands-on training and the balance between AI and human 
contact in medical education make traditional practicum and laboratory classes are still relevant, 
even in the era of AI. 
 

 
Keywords: Knowledge engineering; machine learning; medical education; skill; hands on experience. 

 
1. INTRODUCTION 
 
Artificial intelligence, which is often referred to as 
AI, is an emerging branch of computer science 
[1] that focuses on things such as machine 
learning [2], or programming computers to 
behave more like people. The term is also used 
for any machinery to execute tasks once only 
done by humans [3,4]. Machines with artificial 
intelligence can learn and solve problems, acting 
on available information to improve over time [4] 
AI can penetrate every aspects of daily human 
[5], including revolutionizing medical education 
[6-8]; it rapidly transforming healthcare [9] and 
reshaping [10], learning [11], and educational 
practice [12] in medical education. 
 
The emerging incorporation of AI into medical 
practice [13,14] and health care [15] has also led 
to an increase in the use of different AI methods 
in medical education [8], including Automated 
assessment [16], Natural language processing 
(NLP) [17], Adaptive learning such as 
Technology enhanced learning (TEL) [18], the 
making of correct diagnosis using Diagnostic 
proficiency [19], Personalized learning by 
Generative and the personalization of health 
professional education [20], AI ethics education 
[21], Computer-assisted learning and teaching 
[22] and even Developing new teaching 
strategies [23]. It seems that AI has super 
potency to transform medical education. 
 
Unfortunately, while AI pledges immense 
promise for personalizing learning [20] and 
enhancing educational experiences [6,14], it is 
also in the same crucial to acknowledge its 
potential downsides [24], challenges [25] and 
even obstacles [26] in applying AI into medical 
education, even if it is conducted in the medical 
student learning milieu [27].  
 
Several advantages worth to be mentioned 
include a more objective student assessment 
[28], improvement in healthcare or clinical 
simulation arrangement [29], and strengthened 
Fairness, Accountability, Transparency, and 

Ethics (FATE) in higher education [30], including 
medical education. Contrariwise, the ultimate 
defiance of AI integration in education are 
scalability restriction [31], ethical [32] and legal 
[33] matters, appraising the actual effectiveness 
of sophisticated AI incorporated medical 
education methods [34], and technical difficulties 
[35] especially in practicum or laboratory classes 
[36].  
 
The absence of human touch, which cannot be 
replaced by AI touch, is the ultimate 
disadvantage of incorporating AI in higher 
education [37], leading to a cold dehumanized 
learning encounter [38]. The great role of social 
interaction in human acquisition of new 
knowledge has been revealed by previous 
studies [39,40]. Traditional education relies 
heavily on human interaction, with teachers 
providing not only academic instruction but also 
emotional support and mentorship. 
 
This paper aimed to revisited the irreplaceability 
of practicum and laboratory for medical student 
and its benefit, even in the AI era. 
 

2. PRACTICUM AND LABORATORY 
CLASSES IN MEDICAL EDUCATION 

 
A practicum in medical education is a structured 
and supervised experienced based learning that 
allow medical students to incorporate all 
classroom theory to real-world work/condition 
through hands on experience [41], while 
Laboratory classes, also known as lab courses, 
are a teaching method that involves students 
actively engaging with concepts through 
experimentation or exploration [42]. Furthermore, 
the two terms (practical or lab class) will be used 
interchangeably with the aim of referring to 
practical activities in the laboratory.  
 
The integration of practical components into 
medical curricula varies widely [43,44]. 
Modification of curriculum [44,45], e.g., 
shortening clinical rotation training for medical 
undergraduates [46,47], is associated with an 
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unfortunate reduction in preparedness for 
practicum [47]. Hagan and Jaffe [48] reported the 
effect of curriculum changes on student 
performance during general surgical clerkship. 
They found out that Good clinical knowledge of 
anatomy, taught in anatomy laboratory, is 
necessary for practicing physicians. It is a key 
feature of performance on the United States 
Medical Licensing Examination Step 1 score [49]. 
Student performance on anatomy is also an early 
indicator of overall medical student performance. 
Unfortunately, curricular time provided for the 
teaching of anatomy [50] or other laboratory 
based subject such as Biochemistry [51], 
Microbiology [52], Physiology [53], Parasitology 
[54] and Histology [55] has declined significantly 
over the years, with most of the reason regarding 
the faculty shift into integrated  curriculum 
leading to growing concerns that the knowledge 
of new medical graduates regarding Anatomy 
[50], Biochemistry [51], Microbiology [52], 
Physiology  [53] and Parasitology [54] may not 
be sufficient during their clinical years. Although 
it is possible to teach those subjects in 
increasingly shorter periods of time, e.g., via 
short courses or other modification, such that the 
students achieve high test scores in the 
standardized short answer examinations, it is 
clear that their knowledge, as applied to clinical 
care, rapidly declines and student’s poorly 
retention of those basic medical science 
knowledge as the further they get away from 
basic or pre-clinical studying [56,57]. In other 
words, without sufficient practicum and 
laboratory classes, it is doubtful that pre-clinical 
students will have retain sufficient knowledge 
and skills to be used at a higher level of 
education (clinical rotation phase).  
 
Another study conducted by Schwartz and Chin-
Hong [58] regarding the present state of 
Infectious disease education in undergraduate 
medical education across America revealed that 
52% of medical schools surveyed uses 
laboratory for teaching and that almost all 
institutions use a lecture didactic method as a 
primary teaching modality. Furthermore, the 
study also screened recent curricular 
modifications and challenges in microbiology 
education. When their respondents asked about 
recent changes, incorporation of microbiology 
into other specific topics or the more common 
organ-system blocks was a dominant theme. 
Other studies revealed reasons for change in the 
curriculum design include meeting accreditation 
standards [59], enhancing clinical skills 
acquisition [60], and   facilitating a reduce in 

preclinical time and quantity [61]. The primary 
challenge in curriculum development cited in the 
study conducted by Schwartz and Chin-Hong 
[58] mentioned by respondents was a depletion 
in time allocation for teaching microbiology. 
Beside that, difficulty in integrating microbiology 
into other courses in the preclinical curriculum 
[62] was also a big concern.  
 
From other aspects of laboratory, Peeraer et al 
[63] reported that knowledge formed in five years 
and 200 hours of integrated undergraduate skills 
training in clinical skill’s laboratory is more 
effective as a method of learning basic clinical 
skills, compared to learning these skills through 
75 hours of traditional skill training and 
reinforcement of these skills in 12 month clinical 
internships, when measured by means of an 
OSCE. 
 
In case of human cadaveric dissection in 
Anatomy laboratory during medical training, 
Webb et al [64] revealed that the preclinical 
phase as the optimal time to strategically 
integrate dissection in the Anatomy laboratory 
into medical training in order to maximize the 
benefits of this unique learning opportunity for 
students and minimize its impact upon curricular 
time. 
 
 Medical education has traditionally been 
compartmentalized into basic and clinical 
sciences, with the latter being viewed as the 
skillful application of the former. Over time, the 
relevance of basic sciences has become defined 
by their role in supporting clinical problem solving 
rather than being, of themselves, a defining 
knowledge base of physicians. Unfortunately, 
integrated medical curriculum often leads to the 
inappropriate balance between pure basic 
science and clinical skill [65]. Many stated 
medical curriculum was biased toward basic 
science [66], where almost all of the laboratory 
exists. 
 
Poor knowledge, clinical unconfident and faulty 
patient management are actually the most 
affected by the reduction of time in practicum or 
laboratory classes [47]. Furthermore, the effect of 
undergraduate practicum directly affects the 
clinical ability and professional quality of 
graduates [67]. The negative impact for medical 
graduates, who during their education 
experience a reduce in the number of 
practicums, is that when they are entering in their 
professional career, they will show lack of 
professionalism, e.g., lack of interest in doing 
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practice, poor doctor-patient communication 
skills and high potency of conflict with other 
clinical training doctors [68]. 
 
Challenges in implementing practicum or 
laboratory classes in medical schools is currently 
emerge to the surface. many medical laboratory 
science programs are dealing with numerous 
challenges that may negatively impact on the 
quality of the education and competency of the 
graduates. The types and scales of those 
challenges may vary from country to country, or 
from region to region [69]. Some common, but 
generally less discussed issues, are including 
restriction of the curriculum, Insufficient or 
inefficient laboratory trainers in the workplace, 
Insufficient communication between the higher 
education sector and pathology industry. But still, 
practicum or laboratory classes is important part 
of medical education. 
 

3. THE IMPORTANCE OF PRACTICUM IN 
MEDICAL EDUCATION 

 
Practicum and laboratory classes are important 
for many reasons. The practicum for medical 
students aims to provide graduates with sufficient 
knowledge and skills needed to continue their 
education in the clinical rotation [70]. The 
practicum is actually the key mode of learning in 
health professions. It is the initial hands on 
experience that consolidates practical 
involvement and theoretical knowledge for 
medical student to become proficient in the field 
of their professions. Practicum standard ensures 
medical students can take the knowledge and 
critical thinking skills they have obtained 
throughout their education and apply them to 
their future position in healthcare profession--
even if those needs do not seem immediately 
relevant at the moment. 
 
Practicum environments are crucial links to 
successful experience(s) for medical students. 
Sufficient practical exposure to the suitable 
milieu, e.g., clinical or laboratory setting, can 
strengthens the development of several aspects 
of professionalism [71]. Here is some importance 
of practicum in medical education, namely: 
 

3.1 Practical Experience 
 

Practicums allow medical student to apply their 
education in real-world healthcare or laboratory 
settings [72], such as an audiometry office or 
emergency room clinic or staining clinical sample 
prepared in a glass slide with coloring reagent. 

Practical experience during a laboratory class or 
practicum can help students develop a variety of 
skills such as practical or technical [73], problem 
solving orientation [74], data analysis [75], 
communication which was practiced using 
simulated patients or volunteer outpatients [76] 
and collaborative with teamwork [77]) and better 
conceptual understanding based on what 
medical student learn during practicum [78]. In 
laboratory experiences, students may learn to 
use the tools for specific purpose and 
conventions of science.  
 
Actually, AI is already in the laboratory, but it is 
mostly used in the core lab and other 
instrumentation [79]. The instrument 
manufacturers who are including AI algorithms 
that analyze the data as it comes off the line and 
give the results [80]. Currently, AI is most 
effective at narrow tasks, or in other word, is 
using a specific tool for a specific purpose 
[79,80]. Most AI tools typically do a single task. 
While AI does give a lot of benefits for the 
laboratory, and its future capacities are, as of yet, 
difficult to forecast [79,80], but it is doubtful to 
replace laboratory professionals or pathologists. 
For one thing, AI is not yet sophisticated enough 
to know when it is wrong and will require human 
oversight for most of its functions for the 
foreseeable future. Only humans can keep AI 
systems runs ethically, accurately, and fairly. AI 
has made strides in recent years, but it simply 
cannot replace the human experience. The 
benefit of AI in practicum that it will augment, not 
replace the human [15]. There is no new 
paradigm where the implementation of AI 
suddenly makes the AI takes responsibility for all 
the decisions it’s making. Humans are still 
always needed. Even the most sophisticated AI 
cannot take the responsibility and human touch. 
 

3.2 Hands-on Training 
 
Practicums combine hands-on training with 
mentorship from experts in the field (lecturer or 
laboratory technician) [42]. Hands-on practicum 
is important because it can help students and 
employees learn and retain information [56,57], 
develop critical thinking skills [69], and build 
confidence [73]. Hands-on learning via practicum 
also helps students to: (a) understand concepts 
and encourages problem-solving [74], which can 
lead to better performance in higher level 
education and future careers [46,48,49], (b) 
improves critical thinking [69] because during 
hands-on training usually requires students to 
make decisions and use critical thinking skills to 
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achieve their desired outcome [81], and last but 
not least (c) improves long term knowledge 
retention [56,57].  
 

3.3 Communication Skills 
 
Practicums help students learn to communicate 
effectively with other human [76]; e.g., with 
lecturer and lab technician during Microbiology 
lab session, or with patients and other care 
providers during clinical lab session. In the 
practicum course, students will learn how to 
attain and integrate key relational and 
communication skills that take the whole person 
into account [43,76]. Through effective 
communication develop during communication 
skills practicum, students underwent 
collaboration, builds relationships and facilitates 
their own understanding. 
 

3.4 Diagnostic Competence 
 
Practicums expose students to a variety of 
laboratory procedures, case simulations, and 
rare cases, which can help them develop 
diagnostic competence [82]. To develop certain 
diagnostic competence, medical students should 
practice with many examples of clinical problems 
to build rich mental representations of diseases 
[82,83]. By teaching medical students regarding 
the importance of preanalytic, analytic, and 
postanalytic variables that may affect laboratory 
or clinical results, lecturer implement structured 
teaching concept which takes place under 
supervision and in consideration of 
methodological-didactic concepts, ideally 
creating a milieu that allows the repeated, 
anxiety-free and happy practice of targeted skills 
[84]. Once again, heartless AI might be able to 
replicate some aspects of a teacher-student 
relationship. Still, it will never fully replicate the 
warmth, empathy, and other emotional 
perceptions which only living humans able to 
possess and exhibit [85]. 
 

3.5 Professional Identity 
 
Practicums can help students develop their 
professional identity and understand how to 
practice their professional values [20,71,77]. 
Professional identity is an ongoing lifelong 
process that occurs throughout life via repetitive 
exposure to conditions related to their profession 
[71]. It is very dynamic and context-specific, and 
it is not just simply all the sudden mastered by 
following a code of conduct or acquiring a set of 
rules. It starts from (1) understanding the medical 

student role since the very beginning of their 
education which can construct their identity as 
future doctors, including what it means to them 
and others [43,46,64] (2) experiencing the role, 
where through practicum medical student can 
gain experiences that help them build their 
identity [72,73,81], (3) obtaining feedback based 
on their practicum performance [46,70] and (4) 
implement strategies to continuously improvise 
the students' critical thinking proficiency [81]. 
 

3.6 Research Skills 
 
Research skills can be developed through 
practicum [83] by practicing the following skills 
such as evaluating sources, critical thinking, time 
management, note-taking, seeking feedback and 
understanding the research process [86]. All of 
those skills can help medical students to Identify 
new angles to pursue or drop topics that have 
already been covered. Once again, Skill can only 
be acquired through practice [67]. Once certain 
skill has been acquired, we stop being able to 
see the joins between all the knowledge that 
went into its creation. The more expert we 
become, the more invisible and automatic our 
skills become. 
 

3.7 Evidence-based Medicine 
 
Practicums can help students learn about the 
importance of evidence-based medicine [23,87]. 
Evidence-based practice (EBP) is a process that 
involves integrating research evidence, clinical 
expertise, and patient values to make decisions. 
In a practicum, students can apply what they 
learn in the classroom by integrating theory and 
practice [87]. They can also observe experienced 
professionals and receive feedback on their own 
skills. Instead of knowing the theory behind 
different solutions, the medical student will 
actually learn how to solve the problem using 
evidence based medicine taught in practicum. 
 

3.8 Time Management 
 
Practicums can help students develop time 
management skills [88] and correct strategies in 
connecting to self-directed learning [89] such as: 
(a) prioritizing by appraising the importance and 
urgency of certain tasks, and design a precise 
schedule to finish them completely, (b) 
scheduling by way of create an organized 
schedule to prioritize responsibilities and avoid 
confusion and stress, (c) goal setting by way of 
set goals to help medical students to understand 
where to spend his/her time to achieve the 
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desired results/goals,  (d) avoiding distractions 
by way of eliminate distractions by dedicating a 
certain amount of time to each task and activity, 
including breaks, (e) resilience or stress 
management by way of administer stress levels 
to circumvent burnout and maintain the high level 
of productivity, concentration, and health, (f) 
strategic planning as a means figure out how 
much time is attainable and devote time blocks to 
specific laboratory tasks [88,89].  
 
The benefit of time management skills enables 
future health professionals to get professional 
satisfaction and reduce stress, enhance career 
satisfaction, greater work-life balance, and long-
term growth [90]. The implementation of sound 
management practices is a key point for 
maximizing productivity and quality [88-90]. 
 

3.9 Career Pathways 
 
Practicums can help students learn about career 
pathways in academic medicine [91]. Practicum 
learning actually provides medical students with 
practical experience [41] and allowing them to 
have direct interaction with leading professionals 
from the faculty, hospital, laboratory, industry and 
the community [92] Numerous studies have 
shown that career pathway through practicum 
experience can lead to deeper learning, higher 
levels of engagement, and better student 
outcomes when implemented skillfully. 
 
A practicum surely takes a significant amount of 
time, effort and even need financial certainty, but 
it actually offers the medical student a number of 
useful benefits for now and in the future, which 
still cannot be fully replaced by AI. Further study 
needed to justify this finding. 
 
Having a well-organized and balanced approach 
to the consideration of the implementation of AI 
in learning environments including the laboratory 
will help all stake holder navigates the exciting 
yet complex world of AI-powered education. 
However, in order to support this argument, effort 
to carefully conduct searching empirical data or 
case studies regarding specific AI in the 
practicum or laboratory class in faculty of 
medicine setting was not successful, because 
such study or literature was not available at the 
moment of writing this review study. This 
limitation actually gives future direction for 
conducting a more extensive study regarding 
how specific AI contributes and balanced the 
practicum or laboratory classes in faculty of 
medicine. 

4. MORAL VALUES IN PRACTICUM 
 
Important moral values for students are 
compassion, Confidentiality and privacy, 
honesty, respect, gratitude, responsibility, 
fairness, empathy, equality, and integrity with the 
opportunity to share and apply all of these moral 
values during practicum and laboratory class. 
These values lead to right actions, positive 
relationships, and supportive learning 
atmospheres that help prepare the medical 
students for responsibility and compassion as 
they become future professional doctors. 
 

5. CONCLUSION 
 
Medical practicums are often used in fields like 
education, nursing and medicine, psychology, 
and clinical skill’s. The type of practicum a 
student experiences can vary depending on their 
field. A practicum can provide many benefits for 
students, including practical application, critical 
thinking and problem-solving, employability, 
networking, feedback and professional identity. 
Some negative aspects of practicum include 
extracurricular time, duration, regulation and 
feedback. AI does not have the capability to fully 
replace human contact and moral values in 
practicum.  
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