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Abstract—Due to the COVID-19 pandemic, majority of the 

Biomedical Science students were not able to undergo their 

clinical internship at diagnostic laboratories and this has 

created an impact on students’ skills and the future of the 

Malaysian healthcare system. Hence, our objective was to 

implement arevolutionized Biomedical Science practicum 

completely in a virtual environment, without compromising the 

learning outcomes during the pandemic in 2021. To achieve the 

intended learning outcomes, various online teaching-learning 

and assessment activities were carefully curated in accordance 

to standard program guidelines, learning outcomes, student 

learning time and thorough analysis of actual student logbooks. 

Learning materials were reinforced with various initiatives 

such as actual engagements with real-life scenarios via 

synchronous meetings with external panelists from hospitals. 

Online video-log (Vlog) and a logbook of daily activities were 

used as part of the assessment to ensure that students were able 

to learn and reflect on the activities performed. The study 

showed that all students displayed increased confidence levels in 

medical laboratory skills. They were also able to apply them in 

real-life situations due to the clear instructions and realistic 

experience via the virtual learning activities. Therefore, 

students who participated in the virtual practicum 

demonstrated almost similar levels of performance when 

compared to the students who went for physical practicums in 

the year 2020. Our virtual practicum has achieved its intended 

outcomes of empowering students with similar skills as those 

who underwent physical clinical placements in diagnostic 

laboratories. Those skills include successful acquisition of 

discipline-specific knowledge, collaborative and communication 

skills, as well as solid experimental methods and good 

laboratory practices. 

 
Index Terms—Biomedical Science, diagnostic laboratory, 

virtual internship.  

 

I. INTRODUCTION 

Combining the fallout from COVID-19 with continuing 

advances in digital technology and an intense demand for 

student-centered learning has presented an unprecedented 

opportunity to transform conventional education styles. 

Flexible learning is a form of education that allows one to 

learn at their preferred pace, place, and/or mode of delivery 

[1]. The advancements in this learning method include the 

incorporation of technology to provide remote studying, 
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work-based learning and employer engagements. A key point 

for this model is that students are encouraged to take 

responsibility and autonomy for their own learning progress 

to improve their learning outcomes [1].   

In view of the rising global concerns about the spread of 

COVID-19, a growing number of tertiary institutions have 

taken safety measures to disallow physical learning 

initiatives. Similarly for hospital laboratory placements, a 

significant percentage of Biomedical Science students were 

not able to access Malaysian hospitals for their clinical 

placements in 2021. This situation highlights the necessity 

and potential for flexible learning in times of lockdowns and 

social distancing [2]-[4]. Therefore, we are introducing the 

first of its kind virtual practicum to transform conventional 

Biomedical Science practicums into newer endeavors more 

commonly known as virtual internships or e-internships [5], 

[6]. Virtual internships have been made available a decade 

ago, in countries such as the USA and United Kingdom, with 

strong dominance in the customer service jobs (marketing, 

sales), technical areas (IT-related) and journalism. This 

comes as no surprise as these jobs heavily rely on technology.  

New trends have also made virtual internships available for 

Biomedical Science students that use big data, bioinformatics 

and artificial intelligence algorithms to perform data analysis 

and statistical analysis. Recent studies have showed that 

traditional learning or face-to-face internships were not 

necessarily more effective than virtual internships [5], [7], 

[8].  

The Biomedical Science practicum is a compulsory 

module under the Program Standards: Medical and Health 

Sciences (2016) as a partial fulfillment for the Bachelor of 

Biomedical Science (Hons.). However, due to the COVID-19 

pandemic, most of the national hospitals were prioritizing 

COVID-19 cases. As COVID-19 vaccines were yet to be 

introduced in Malaysia, the most viable option to ensure 

student health and safety was to have reduced number of 

students undertaking physical practicum attachments in 

hospitals. In this paper, we have proposed and implemented a 

revolutionary virtual Biomedical Science practicum in 

January 2021, without compromising the learning outcomes.  

 

II. METHODOLOGY 

A. Samples and Module Information 

The study was conducted using two cohorts of students 

(semester 4.5 and semester 5.5) that have undertaken the 

module ―Biomedical Practicum‖ in year 2021 during 

COVID-19 lockdown. The module ―Biomedical Practicum‖ 
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is offered yearly to second year Biomedical Science 

undergraduates during their semester break, to equip the 

students with the knowledge and skills in the diagnostic and 

clinical laboratory, disease prevention and research fields. 

Students taking this module will be prepared for future 

careers in medical laboratory healthcare system.  

B. Design and Development 

At Taylor's University, all assessments were designed in 

constructive alignment to the module and program learning 

outcomes of the Taylor's Curriculum Framework. The 

Taylor's Curriculum Framework focuses on  designing to 

ensure students develop and exhibit the Taylor's Graduate 

Capabilities. Due to the COVID-19 pandemic, most of the 

hospitals and healthcare laboratories within the country 

ceased offering physical biomedical practicums to ensure 

students’ safety. Therefore, the assessment design for the 

module ―e-practicum‖ have been revised for the 2021 study 

cohort.  

Briefly, in the revised Biomedical Science e-practicum, 

four major departments were designed, namely (i) 

Biochemistry/Serology/Molecular Biology; (ii) 

Histopathology and Cytopathology; (iii) Blood Bank and 

Hematology; as well as (iv) Microbiology. These 

departments were derived from a thorough analysis of actual 

students’ logbooks and were prioritized based on the 

departments that the Biomedical Science students were 

commonly assigned.  

To achieve the intended learning outcomes of Biomedical 

Science e-practicum, a variety of online teaching-learning 

and assessment activities were carefully curated in 

accordance to program guidelines, module learning 

outcomes and student learning time (Fig. 1). Selected online 

teaching-learning activities include videos, live stream 

lectures, scientific articles and protocols, as well as Standard 

Operation Procedure (SOP) documents adopted from the 

Malaysian Ministry of Health. The introduction of the SOP 

was essential for students  to understand the level of hazards 

associated with laboratory and also to serve as an important 

reminder for them to always follow safe practices in an actual 

hospital setting.  

The lab skill assessment was reinforced with different 

teaching-learning materials and activities, such as 

simulations, case-based studies, hands-on home laboratory 

experience and other virtual laboratory tools (eg: Labster) to 

increase students’ knowledge and to promote an active, 

enquiry-based learning attitude. Video-based activities 

provided a step-by-step overview of a real laboratory 

procedure to enable visualization of the whole experimental 

process and its environment through a video [9]. Strong 

emphasis was also placed on ensuring that students were able 

to understand the theory and execution of these techniques as 

well as the analysis and interpretation of abnormal situations 

using simulated patients’ data.. Synchronous meetings with 

external panelists from hospitals were also carried out to 

enable the students to experience the communication in an 

actual hospital setting whilst troubleshooting real-life 

scenarios.  

As the development of the affective domain is challenging 

in a virtual environment, online video-log (Vlog) and daily 

activities logbook were used as part of the assessment to 

ensure that students were able to learn and reflect on the 

activities. Case studies were also one of the assessments to 

test student understanding, application and analytical 

abilities. 
 

 
Fig. 1. A schematic diagram of online teaching-learning in the Hematology 

department using TIMeS (Taylor's Integrated Moodle e-Learning System) 

platform. (A) Task instructions, (B) scientific articles and protocols, (C) 

example of video protocols, and (D) live stream lectures. 

 

C. Implementation 

Fig. 2 demonstrates the walk-through of conveying a topic 

to students. Students were introduced to the department by 

respective lecturers on the first day, simulating the 

experience of a physical practicum in the hospital. The 

background for each test or assay would then be introduced 

through reading materials and related videos, followed by 

activities as mentioned previously, such as the virtual 

laboratory simulation (Labster), quizzes, and case-based 

discussion with lecturers and external panelists. 

D. Data Collection 

Data collection for 1) supervisor evaluation report/case 

study, 2) final internship report/self-reflection (V-log), 3) 

logbook, 4) completion of Labster activities, and 5) feedback 

from the external panel (Medical Lab Scientist) and Taylor’s 

Biomedical Sciences’ alumni who had their physical 

Biomedical Practicum in year 2020 were conducted in this 
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e-biomedical practicum. Students were encouraged to 

provide feedback about their perception and acceptance of 

this e-biomedical practicum practice.  
 

 
Fig. 2. Process of delivering a topic to students. 

 

III. RESULTS AND DISCUSSIONS 

Biomedical practicum enables students to equip 

themselves with the knowledge and skills required in the 

clinical and diagnostic laboratory, as well as disease 

prevention. However, the outbreak of COVID-19 in early 

2020 had an unfavorable impact on students’ learning, where 

physical face-to-face teaching and learning activities had to 

be replaced with online lessons. In addition, many students 

were unable to attend their biomedical practicum placements 

in hospitals; this was a measure to ensure their health and 

safety during the time where COVID-19 vaccines have yet to 

be introduced. There was an urgent need to develop relevant 

and meaningful online teaching materials to ensure that the 

students’ learning experience was not affected by the 

COVID-19 pandemic. Therefore, this exercise (e-practicum) 

was part of an effort for Taylor’s biomedical science students 

to gain sufficient knowledge, employability skills and work 

experience in the biomedical industry. Our Biomedical 

e-practicum has been designed such that students can have 

―job rotation‖ in different laboratory departments, which 

simulates the experience of undergoing biomedical 

practicum in an actual hospital and enables the students to 

achieve different learning outcomes.  

A. Feedbacks from External Panelists and Taylor’s 

Biomedical Sciences’ Alumni 

Transformation of the physical Biomedical practicum to an 

online e-practicum was associated with several challenges. 

Firstly, teaching staff mainly relied on online resources such 

as reading materials and videos to design the learning 

activities and assessments. However, some may not be 

familiar with the state-of-the-art equipment that is currently 

used in clinical and diagnostic laboratories in various 

hospitals. Proper physical training is required for the usage, 

handling and technical maintenance of each equipment, 

which is a skill that cannot be imparted to students via the 

e-practicum. Secondly, laboratory experience for Biomedical 

Science students is largely dependent on hands-on activity, as 

most of the laboratory tests involve the use of patient 

specimens and diagnostic equipment. Without being 

physically present in the laboratory, it becomes difficult for 

the students to experience routine laboratory activities. 

Thirdly, there was insufficient technical support for teaching 

staff to conduct a good laboratory simulation due to the lack 

of online learning support devices or platforms available to 

educators[10], [11].  

Working around these unavoidable limitations, we have 

focused on developing to-date and relevant content for the 

e-practicum. A feasible home-based laboratory activity that 

involves minimal usage of diagnostic equipment was 

designed, where students can easily source most of the 

required materials either in their home or supermarkets. Prior 

to the implementation of this e-practicum, the teaching 

materials were moderated by two external panelists who were 

Medical Lab Scientists at local hospitals. Both panelists 

agreed that with the current content, the e-practicum will 

allow students to gain more knowledge and concept of 

working in a laboratory. Given that some activities were 

rather challenging, students will be able to develop their 

critical thinking skills despite not being physically present in 

the laboratory.  

 

“Due to the pandemic, experiential learning can’t be carried 

out physically in the laboratory, I find that this e-practicum 

platform is a very good idea to guide and assess the 

knowledge in students especially what we have learnt 

through theory. With this experience, I believe the students 

are able to gain even more knowledge and develop 

understanding in the respective departments via the different 

cases or scenarios given in the e-practicum.”                                                                     

(Medical Lab Scientist 1) 

“This e-practical learning (is) able to provide the concept of 

working in the laboratory despite (students) inability to 

experience it physically. Applying the knowledge learned in 

the case study enable the students to develop critical thinking 

as only visualization can be done without being physically 

present in the lab. With this e-learning, I believe that students 

(will be) able to understand more on the theory and reasons 

behind the tests conducted and understand the workflow of 

the lab in the given scenarios.”                                 

       (Medical Lab Scientist 2) 

 

The contents of the e-practicum were also moderated by 

two Biomedical Sciences’ alumni who had experienced the 

physical practicum in 2020. Briefly, they mentioned that the 

content of e-Practicum was informative, resourceful, and 

mostly similar to what they have learnt previously in the 

hospital. To compensate for the physical learning experience 

experienced by these alumni, students undertaking the 

e-practicum also had the opportunity to participate in a 

synchronous online learning environment, where they 

attended live lectures and had real-time interactions with 

teaching staff and the invited Medical Lab Technologists. 

Through this, the students were able to obtain instant 

feedback, which was beneficial for their learning. A previous 

study also reported that synchronous learning can provide  

multiple opportunities for instant feedback and social 

interaction [12].  

 

“In my opinion, the E-practicum is quite informative and 

resourceful. In terms of hands-on experience, it is quite 

regretful as the students are unable to perform their 
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practicum in the actual hospital. Besides hands-on activity, 

the contents prepared by the lecturers are similar to those I 

did in the hospital back then. The lecturers put a lot of effort 

in preparing the E-practicum. The time allocated for each 

department is enough as each department has a duration of 2 

weeks for the students to learn while I only had a 1 week 

duration for each department previously.”     (Biomedical 

Science alumni 1) 

 

“After going through the content of the e-practicum with Dr 

Teoh and comparing it with what I have learned during my 

own practicum period in 2020, I can see that the content of 

the course is mostly similar to what I have learned. The 

learning content from all the 4 departments is well organized 

and sufficient, which would provide the best learning 

opportunity for students during this unfortunate Covid-19 

situation. Students will undergo 2 weeks in each department 

which I think is the right amount of time for them to learn 

about the various purposes and tests that each department is 

responsible for. Overall, I believe that the students will be 

able to learn what I have learned through the learning 

materials and case studies provided, even though they will 

not be able to get any hands-on experience.”   

 (Biomedical Science alumni)  

B. Student Overall Performance 

Three main sections accounted for the student overall 

performance: i) supervisor evaluation report/case study, ii) 

final internship report, and iii) logbook. Based on Fig. 3, 

students in e-practicum reported similar achievements in 

their overall performances when compared to the students 

who went for physical practicum in the year 2020. All three 

main sections showed similar percentages which indicated 

that e-practicum does not affect student learning outcomes. 
 

 
Fig. 3. Student performance comparison between e-practicum in year 2021 

(white bar) and physical practicum in year 2020 (grey bar). 

 

By implementing online learning activities such as the use 

of video-assisted technology and Labster simulation in this 

e-practicum, students were able to learn at their own pace and 

repeat the content whenever needed. The inclusion of various 

videos as teaching material enabled the students to become 

more independent learners. In cognitive terms, it can 

facilitate the understanding and memory of information and 

messages for students who are weak in reading [13]. The use 

of these platforms and the selection of adequate methods is 

crucial as it could diversify the activities carried out by the 

students as well as support self-education and independent 

task performance [8]. In the context of online assessment, 

case study analysis was used to achieve the goal of 

developing laboratory knowledge and skills. The case study 

in this e-practicum was designed to ensure students who have 

successfully completed the assessment will be able to apply 

their knowledge in the laboratories in the future.  

Although COVID-19 has severely impacted the 

conventional learning method of Biomedical Science 

students, it has also enabled educators to design various 

innovative and adaptive teaching approaches, such as this 

e-practicum [14]. However, it must be acknowledged that as 

with every new teaching approach, it might not be effective 

for every student as we should consider individual learning 

differences, style and support needed by each individual. 

Hence, novel teaching approaches should always be 

pilot-tested and the staff should be trained whenever possible, 

prior to their long-term implementation [15]. 

C. Hands-on Home Laboratory Experience (HoHLE)  

One of the core activities in the histopathology department 

of a diagnostic laboratory is to process human tissues into 

histopathologic tissue slides for microscopic examination. 

Therefore, as the first step in tissue processing, it is important 

for students to understand the macroscopic examination of 

human tissues to select the best representative piece for 

processing into a tissue slide. In our HoHLE activity, 

students were required to prepare ―human tissue‖ to be 

submitted for diagnosis. The ―human tissue‖ needed to be 

accessioned, measured, weighed and subsequently visually 

examined to identify any parts with abnormal texture or color. 

After which, the abnormal ―tissue‖ parts will be excised and 

submitted for the next processing steps (Fig. 4). Through this 

HoHLE activity, students have demonstrated a good 

understanding of one of the critical activities in the 

histopathology department, indicating that the learning 

objective has been successfully achieved. On top of that, 

students’ creativity has been boosted as evidenced by the 

various human tissue mimics that have been used in this 

home-based laboratory activity, including the use of edible 

meat and plasticine clay. 
 

 
Fig. 4. Representative snapshot images extracted from tissue processing 

videos submitted by students using (a) chicken breast meat and (b) plasticine 

clay to mimic the human tissue. 
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Most participants found that the activity is very 

informative and resourceful. The adoption of HoHLE can be 

an important tool to tackle the training challenges faced in 

some developing countries with insufficient content delivery, 

increasing material costs and decreased access to physical 

facilities due to the pandemic [16]. More importantly, 

HoHLE provides an important and interactive learning 

opportunity for students during the pandemic.  

D. Lab Simulations 

Labster simulation is a virtual laboratory with scientific 

simulations that uses gamification and storytelling 

approaches to engage students in a case study-based scenario. 

For the e-practicum, three different Labster simulations (Lab 

Safety, Antibodies and Hematology) with main key 

laboratory skills were selected and introduced to the students 

(Table I). For the simulation, supplementary materials were 

also provided as students had to answer each quiz question 

correctly to be able to move to the next step (Fig. 5). 
 

 
Fig. 5. Screenshots of the ―antibodies‖ virtual lab simulation from Labster. 

(https://www.labster.com/simulations/antibodies/). 

 

TABLE I: KEY LABORATORY SKILLS OF THREE IMPLEMENTED LAB 

SIMULATIONS IN E-PRACTICUM 

(A) Lab Safety 

No. Key laboratory skills 

1 To understand the importance of personal protective equipment 

(PPE) in the lab 

2 To understand the rules (do's and don'ts) in a laboratory 

3 To learn proper use of lab safety equipment’s 

4 To understand the danger and standard operating procedure 

(SOP) to react in an emergency situation 

  

(B) Antibodies 

No. Key laboratory skills 

1 To understand the structure and function of antibodies 

(different isotypes and parts of an antibody) 

2 To understand the formation of the antibody-antigen complex 

3 To recognize four major blood types (phenotypes) in the ABO 

system 

4 To understand the principles of blood typing using Eldon cards 

5 To understand about rhesus incompatibility and hemolytic 

disease 

  

(C) Hematology 

No. Key laboratory skills 

1 To understand the different functions of each type of blood cell 

2 To understand the principle and operate an automatic 

hematology analyzer to analyze complete blood counts 

3 To learn proper skills to prepare peripheral blood smears 

4 To learn different Giemsa skills to identify different blood cells 

 

The status of completion and quiz score achieved by 

students in three Labster simulations was shown in Fig. 6. 

There was 100% completion for all simulations except 

Hematology (97.1%) as one student stopped the simulation at 

56% completion (data not shown). Overall, students achieved 

very high scores (>90%) for all simulations. The highest 

score was achieved for Antibodies simulation (96.2%), 

followed by Lab Safety simulation (95.7%) and Hematology 

simulation (92.5%). The Labster simulation allowed students 

to learn at their own pace and to plan and repeat the content 

whenever required..  
 

 
Fig. 6. Status of completion (%) and quiz scores (%) achieved by 15 BM 

students in three lab simulations implemented in the project (A) Lab Safety, 

(B) Antibodies and (C) Hematology. 

 

E. Student Feedback regarding e-Practicum 

The feedback from students demonstrated a good 

connection between the e-Practicum and the actual hospital 

laboratory practices. Even though the e-Practicum was not 

able to replace the hands-on experience given by the physical 

hospital attachment, it was still a good alternative to provide 

significant exposure to students during the pandemic. 

 

“The discussion sessions with HoDs and professional MLT 

really provide a good opportunity for students to have an 

idea on daily routines in the lab and able to know latest 

development in the field.”                    (Student A) 

 

“Activities, like Labster, quizzes, virtual meetings, were 

really interesting and informative.”                 (Student B) 

 

“Although E-practicum is still lacking when compared to the 

physical practicum, it's without doubt that I gained a deeper 

understanding on the theory behind the tests through various 

online activities prepared by the department supervisors. It 

has equipped me better before going to actual work 

scenarios.”                            (Student C) 

 

“Very grateful for the alumni sharing their experience of 

working in SunMed, gives a lot of clarity of what the scope 

would be.”                                  (Student 

D) 

 

Some studies found that participants’ extrinsic and 

intrinsic motivation was lower in online education when 

compared to face-to-face education. Researchers have 

reported the lack of interaction with peers and lecturers as the 

reasons for low motivation in online courses [17]. However, 

this was not observed in this student potentially due to the 

high level of teaching staff and student engagement 

throughout the e-practicum. 

 

IV. CONCLUSION 

In summary, Biomedical Science students have been 

rotated to different laboratory departments through the 
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simulation of an actual hospital laboratory rotation. The 

exercise managed to achieve intended outcomes such as 

acquisition of discipline-specific knowledge, collaboration, 

communication and more importantly, experimental methods 

and laboratory practices that empowered the students to 

translate virtual observations into interpretations, similar to 

actual clinical placements in hospitals.  

As the pandemic continues, we envision that this 

Biomedical Science e-practicum concept can be applied for 

the teaching of Biomedical Science-related courses using 

simulated laboratory settings as well as the opportunity to 

scale it to other health science-related programs. This can be 

helpful to all higher learning institutions who are planning to 

adopt an online teaching and learning approach for clinical 

placement in the near future. The delivery of practical skills 

and its assessment can be further improved in view of future 

situations that might impede the practice of physical 

practicum placements. Once the pandemic situation eases, 

clinical instructors can be trained to improve on the 

executional delivery for practical skills.  

This research highlighted the experiences of both 

instructors and students undergoing clinical placement 

during the COVID-19 pandemic. Although some techniques 

used in this research has its limitations such as the lack of 

clinical hands-on skills, students still managed to gain other 

important skills and knowledge through these simulated 

experiences. In the future, other forms of delivery like 

augmented reality and/or virtual reality can be incorporated 

into the simulated clinical setting to enable students to gain 

hands-on experience.  
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