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Abstract
Simulation is a teaching learning and assessment strategy 
used in medical education to prepare medical laboratory 
students for clinical practice. Simulation-based learning 
is aimed at bridging the gap between theory and practice 
through the use of innovative teaching strategies and thus 
it is considered the best alternative teaching, learning and 
assessment tool in preparing medical laboratory students 
for practical and professional life. Traditional methods 
of educating medical laboratory students are no longer 
sufficient in the present times largely influenced by the 
emergence of new infections, technology, and multimedia. 
In general, scarce literature supports the use of simulation to 
benefit medical laboratory students in areas of knowledge, 
value, and realism. However, little emphasis has been 
placed to make application of the method. The aim of the 
study was to determine the extent of the application of 
innovative simulation-based medical teaching and learning 
among staff in selected Kenya medical training campuses 
offering medical laboratory sciences in Kenya, with a view 
to improving the application of the simulation strategy. 
The study employed the census sampling technique. Data 
collection tools were structured questionnaires, interviews, 
checklists, and observations which were used for data 
collection to obtain information from the respondents.

Quantitative data analysis was conducted using the 
Statistical Package for Social Science (SPSS) software 

version 22 for windows. Qualitative data was analyzed using 
content analysis. Both descriptive and inferential statistics 
particularly the Chi-square test statistics were used in data 
analysis. P-value was used to test the normality of the 
spread of the ages. From the findings, 35 (74.5%) of the 
lecturers were males while 12 (25.5%) were females. The 
age of the respondents was not normally distributed but 
had positive skewness of 0.845. The results showed that 
there was a significant relationship between gender and 
the age of the respondents, Pearson Chi-Square 0.016 (p 
< 0.05). The majority of the lecturers, 39 (83.0%) indicated 
that they understood and defined simulated medical 
laboratory experiences as both actual and anticipated. 
The respondents reported that simulation-based teaching 
and learning enable them to earn continuous professional 
development (CPD) points. All the lecturers 47 (100%) 
agreed that the educational validity of simulation-based 
teaching and learning was one of the factors that shaped 
their decision to implement simulations. The principals 
cited issues such as untrained simulator instructor staff in 
MLS, and lack of adequate infrastructure, as part of the 
challenges they encountered while implementing innovative 
simulation-based teaching and learning. From the study, it 
was concluded that simulation-based teaching and learning 
were not applied uniformly across the MLS department, 
indicating a lack of standardization in training hence the 
knowledge, attitudes, as well as skills acquired by the 
students before they graduate, were not in line with the
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performed on an outpatient basis, without admission 
to a hospital or other facility, e.g. Offices of physicians 
and other health care professionals, hospital outpatient 
departments, ambulatory surgical centres, specialty 
clinics or centres, e.g., dialysis or infusion, Urgent 
care clinics), has necessitated the ability to provide 
care in a much shorter period and requires changes 
in documentation with all information, including both 
health knowledge and medical records, becoming 
digital [7].

Medical education has undergone significant 
changes all over the world because of concerns for the 
patient safety [8]. Preventable medical errors result in 
more than 400,000 deaths among American citizens 
each year and are the third cause of death in the 
United States, followed by cardiovascular diseases and 
cancer [9]. Non-fatal iatrogenesis (unintended adverse 
patient outcome because of a health care intervention) 
resulted in disability in 3.5 million American patients per 
year. The major cause of such alarming statistics may be 
related to the medical education culture characterized 
by the mere acquisition of knowledge [10].

Many advances have been made in technology and 
teaching strategies [7]; however, it is still not unusual for 
medical laboratory students to be taught in a traditional 
classroom the same way they were decades ago 
because questions are being raised as to how should the 
medical curriculum be redesigned to serve the scientific 
foundations of medicine in the 21st century [11].

Medical education is rapidly changing, influenced 
by many factors including the changing health care 
environment, the changing role of the physician, 
altered societal expectations, rapidly changing medical 
science, and the diversity of pedagogical techniques 
[12]. Changes in societal expectations put patient safety 
at the forefront, and raise the ethical issues of learning 
interactions and procedures on live patients, with the 
long-standing teaching method of “see one, do one, 
teach one” no longer acceptable [13]. The goals of using 
technology in medical laboratory education include 
facilitating basic knowledge acquisition, improving 
decision making, enhancement of perceptual variation, 
improving skill coordination, practicing for rare or 
critical events, learning team training, and improving 
psychomotor skills. Different technologies can address 
these goals [14].

Healthcare simulations have been used worldwide 
to reduce adverse outcomes in patient care settings 
[15]. In recent decades, globally, nursing instructors 
have tended to use skills laboratories in training for 
pre-service nursing students rather than traditional 
methods due to benefits such as increased self-
confidence and competency levels [16]. In the training 
of medical Laboratory students, there is a need for 
medical laboratory students to expose live patients 
to some procedures so that they get the necessary 

Background of Study
Simulation-based teaching and learning have 

been defined as the “reproduction of some aspect of 
reality to better understand, manipulate or predict real 
behaviour” [1]. Other terms associated with simulations 
include ‘surrogate’ or ‘recreation’ of reality, an 
activity that mimics reality, a controlled environment, 
immersive or guided experiences, and fully interactive 
tasks. Simulation activities comprise techniques rather 
than technology, a replacement or amplification of real 
experiences with guided experiences that are often 
immersive in nature [2,3].

Medical laboratory educational programs have been 
implemented but given the potential they possess, 
units/topics/modules contained therein have not been 
given the attention expected [4].

There has been a lag in classroom learning that has 
led to the underachievement of goals regardless of 
inspirational examples of teaching that are innovative. 
This gap between the idealism of change and the 
realism that is witnessed in a classroom is attributed to 
the inaccessibility of resources, low levels of training, 
and inadequacy in the overall objectivity of the systems. 
The current systems in medical laboratory education 
although organized, are still inclined to the traditional 
or rather conventional measures of achievement. 
The majority of the students are subjected to lecture- 
based methodological practices that are deficient of 
technological advancements [5].

Hence, the question remains; which mitigation 
measures should be used to redress this persisting 
conservative approach to preparing medical laboratory 
health professionals better?

Like other programs such as Nursing and dentistry, 
medical laboratory science programs are also adopting 
and showing interest in simulation-based learning 
experiences for their students which previously was not 
the case. This has been brought about by the need to 
decrease reliance on clinical training sites which have 
not been reliable of late hence the need to shift to 
simulation [6].

The changing healthcare environment, with the 
movement of medical care from the traditional hospital 
setting to ambulatory medicine (medical services 

public expectation. There is a need for KMTC management 
to ensure uniform application of innovative simulation-based 
teaching and learning across all MLS departments and 
hence standardization in the training of medical laboratory 
sciences professionals.

Keywords
Application of simulation-based medical education, 
Teaching, Learning, Medical laboratory education, Kenya 
medical training college, Medical laboratory science 
department, Medical education

https://doi.org/10.23937/2643-461X/1710071


DOI: 10.23937/2643-461X/1710071 ISSN: 2643-461X

Kavinya et al. Int J Trop Dis 2023, 6:071 • Page 3 of 13 •

profession and hence adding new content to the 
curriculum is inevitable [26].

In recent years, budgetary pressures, increasing 
student enrolments, limited access to laboratory 
equipment, and extremely expensive clinical simulation 
laboratory infrastructure have resulted in reduced staff-
student contact hours in medical laboratory science 
education. While this restructuring in resources has 
been challenging, it has encouraged innovation in 
simulation-based learning as well as online blended 
learning [27].

In medical laboratory science education, some of 
the traditional teaching strategies include traditional 
lectures, face-to-face learning, laboratory lessons using 
manual procedures, and assignments/homework. 
These strategies do not encourage student interaction 
and independent thinking by the students but the 
innovative teaching strategies characterized by so many 
challenges such as the use of expensive equipment 
and a decreased equipment budget, reduced staffing, 
experiments involving animal dissection, experiments 
taking days to months to give results, patients awareness 
on their personal safety and congestion during students’ 
clinical experience do encourage student interaction 
and independent thinking. These innovative teaching 
strategies utilize recorded lectures; interactive online 
modules; web-based learning; virtual or simulated 
learning, mobile device learning (tablet or phone), 
learning management systems, e-Learning; and learning 
platforms facilitated through asynchronous internet 
tools [28]. To address the above issues Appiagyei, et 
al. [29] recommended the application of innovative 
simulation-based teaching in training institutions and 
more so for medical laboratory science students.

The training of the medical laboratory sciences 
practice in Kenya is regulated by the Kenya Medical 
Laboratory Technicians and Technologists Board 
(KMLTTB) which is an agency established by the Act of 
Parliament No. 10 of 1999. This board plays a critical role 
in the National Health infrastructure by assuring that 
medical diagnostic services holistically meet expected 
standards, from personnel, equipment, reagents to 
safety requirements. It works with local, regional, 
international, regulatory and scientific partners to 
ensure that Kenya’s Medical Laboratory Science Sector 
is reliable and fully compliant to current and emerging 
capacities [30].

The workload of medical laboratory officers include; 
sample collection, reception, preparation, analysis, 
manage and supervise the removal and destruction of 
medical laboratory wastes, validation, interpretation 
and the dispatch of results to the relevant departments 
and offices, results analysis, carrying out internal/
external quality controls in the laboratory to ensure 
quality and accuracy of results, attending departmental 
meetings, participating in the ward rounds, keeping 

adequate skills [17]. On the other hand, students are 
obligated to offer optimal treatment and also to ensure 
their patients’ safety and general well-being. As much as 
medicine is considered a science, it is also an art and so 
repeated exposure together with enhanced experience 
are required to improve skills and the much-needed 
confidence [18].

In the medical field, simulation finds its origin in 
antiquity, when models of human patients were built 
in clay and stone to demonstrate the clinical features 
of diseases and their effects on humans [19]. An 
obstetrical mannequin made of a human pelvis and a 
dead baby was developed in the USA in the 18th century. 
This mannequin enabled obstetricians to teach delivery 
techniques which resulted in a reduction of maternal 
and infant mortality rates [20]. Historically, animals 
were used in the training of surgical skills since the 
Middle Ages throughout modern times [21].

According to Kihuba, et al. [22], the provision of 
safe healthcare cannot be guaranteed in a majority of 
healthcare facilities both public and private facilities. 
In a MoH survey done in collaboration with the World 
Bank, of the 13 healthcare facilities surveyed, the 
overall Patient Safety compliance was relatively poor at 
97% and less than 1% of the public healthcare facilities 
and only 2% of private facilities met some minimal 
standards on Patient Safety further widening the gap as 
far as quality healthcare to all is concerned.

According to Jha, et al. [23], unsafe and harmful 
healthcare practices are a major source of morbidity 
and mortality. World Health Organization [24], 
estimates that millions of patients are harmed each 
year due to unsafe medical practices. Medical errors 
in many healthcare settings result in either temporary 
or permanent injuries as well as an increased length 
of hospitalization or in extreme cases the death and 
disability of the patients.

Most studies on simulation learning have been done 
in other departments with very little if any being done 
and documented in the literature concerning medical 
laboratory science. The public has become more aware 
of their health needs hence increasing the demand 
for laboratory services, which also includes the use 
of technology and techniques that were not available 
previously. Again, more than 70% of the information 
a doctor needs to actually treat the patient comes 
from diagnostic laboratories. This raises the question 
“Is innovative simulation- based medical teaching and 
learning applied for the teaching of medical laboratory 
students? Simulation-Based Learning (SBL) interventions 
have been under-utilized due to the shortage of well-
trained staff and shortage of equipment in resource-
limited areas which includes Kenya [25].

New information, new laboratory tests, and new 
protocols are constantly being added to the laboratory 
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of care during senior clerkship, internship as well as in 
employment of nurses, medical laboratory technologists 
and clinical officers [32], because the traditional 
hospital-based clinical instruction is observed not to 
always provide the same type of patients discussed in 
the classroom [37].

Although simulation-based medical teaching and 
learning has been integrated in some of the curricula 
like in Clinical Medicine and nursing among others, 
its application is unclear, lacking or inadequate in the 
department of Medical Laboratory Science education or 
there is lack in its documentation in literature.

There is need to enhance the medical laboratory 
science course curricular beyond laboratory skills and 
diagnostic interpretation competency. Incorporating 
simulation-based teaching and learning in the curricular 
presents an opportunity to train and produce medical 
laboratory scientists and technologists with the skill 
to communicate and work effectively in an inter-
professional healthcare team [38].

Traditionally, skill training was “see one, do one” 
and this was associated with medical errors because of 
lack of enough exposure even though by then, students 
were fewer. The scenario seems to be the same to date 
even after skills laboratory methodology [32], and also 
to some extent, because improved health care systems 
and information technology have reduced the length of 
hospital stay for patients thus preventing students to 
have sufficient time to understudy a particular disease 
condition and care with real life patients. The problem 
has been compounded by the very many students 
being trained currently versus constrained resources. 
Effective teaching strategies and innovative approaches 
are critical in producing a competent all round health 
care worker in an ever-changing medical field. The use 
of simulation by computer and internet in skills training 
is moving in tandem with technology [39].

It has been reported that simulations can increase 
both learning outcomes and competence levels in the 
medical laboratory science student. However, the final 
stage in learning requires real patient and equipment 
for the student to acquire competence with hands-on 
experience and expertise [40].

In the medical laboratory, the student examines the 
specimen for disease or cancer; provides information 
about the patient’s state of health by testing for 
diseases and assist the medical practitioner with 
diagnosis, determination of blood levels of drugs for 
optimal therapy, tests to determine which antibiotics 
are the most effective against specific bacteria, tissue 
sections to determine whether malignancy is present. 
More than 70% of the information a doctor needs to 
actually treat the patient comes from the laboratory 
and any discrepancy in sample analysis errors the whole 
process. It is rewarding to see a patient’s prognosis get 
better and hence simulation is advocated for because 

an inventory of laboratory reagent and materials 
needed, used and requested, developing, improving 
and updating laboratory standard operating procedures 
[31].

In conclusion, it is not anticipated that innovative 
simulation-based learning should completely replace 
the physical presence and hands-on learning in the 
laboratory. Nonetheless, the study aims at determining 
the application of innovative Simulation-Based Medical 
Teaching and Learning in selected KMTC Campuses 
offering Medical Laboratory Sciences in Kenya. 
Innovative simulation-based teaching and learning 
experiences may be effective alternatives when the 
hands-on approach is too complex for learners in their 
first year, expensive, or inaccessible due to laboratory 
constraints in the clinical areas, or the activity is too 
time-consuming to complete in the laboratory. This 
innovation can prepare the student for laboratory 
procedures, promote an enriched and sustainable 
learning experience.

Research Problem
The current medical laboratory education training 

system regarding the clinical care of patients in terms 
of history taking, physical examination, diagnosis, and 
management in medical schools has been reported 
to be inadequate by students even after graduation 
[32]. Not seeing and practicing a number of important 
diagnoses during training periods could pose a significant 
knowledge gap which eventually gets carried forward to 
internship and would eventually affect patient care [33].

Medical laboratory errors emanate from the 
wide range of mechanical, chemical, biological, and 
environmental hazards that the laboratory practices 
involve. These errors affect the delivery of the services in 
the laboratory as well as the patient management either 
directly or indirectly. The cause of these errors could be 
as a result of the training given to the medical laboratory 
practitioners while in their training institutions [34].

While some of the errors are caused by a lack of or 
inadequate knowledge and skills among the medical 
laboratory personnel, others are caused by ineffective 
equipment used in the laboratories. The levels of training 
for the medical laboratory technicians/technologists 
also poses some concern hence, the training as well 
as clinical and laboratory practice should be adequate 
enough to enable them handle complex tests in clinical 
laboratories. These officers need to be equipped enough 
to reduce the errors to zero or the required levels [35].

Some of the errors as documented include; incorrect 
patient identification, specimen rejection, proficiency 
test failure, phlebotomy dissatisfaction. Other errors 
occur as a result of work overload due to staff shortage 
caused by unemployment and presence of aged officers 
working in the laboratories [36]. These medical errors 
and inadequate confidence, can be observed at the point 
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learning have been conceptualized by a number of 
theorists. The predominant theoretical underpinning 
which informs medical education includes Kolb’s 
experiential learning model [41], social cognitive model 
[42], deliberate practice [43], and situated learning 
[44]. Although Kolb’s model has been criticized as 
an oversimplification, it has often been applied as a 
theoretical underpinning of simulation-based teaching 
and learning and it is the one that was applied in this 
study.

Kolb’s experiential learning model identifies the 
main trigger for learning as being a concrete experience 
where the learner must engage in a transaction with 
their environment, which the learner may reflect upon 
and form abstract conceptualization, this leads to critical 
reflection and active experimentation. Simulation offers 
a concrete experience that is sensed through scenario-
based experiences. These simulation experiences offer 
structured opportunities for reflection and formulation 
of abstract conceptualization which can be symbolic 
and abstracted, leading to extension and active 
experimentation and rehearsal of the newly formed 
concepts [45].

The simulated setting allows the concrete experience 
to occur in a setting that is safe, both from the point of 
view of patient safety as well as safe from the learning 
perspective. The teacher’s role is that of a facilitator who 
guides the learner through both the experience and the 
reflection to enable connections and abstraction to be 
made. The power of using plural analogical examples, 
rather than dependence on single case examples have 
been highlighted as important in deep learning and 
transfer to novel situations [46].

Social cognitive theory [42] brings together 
both behaviourist and cognitivist approaches to 
understanding learning. The behaviourist approach 
emphasizes the external behaviour of people and their 
reactions to situations. It addresses the concept of a 
stimulus-response relationship where a given stimulus 
if rewarded will be repeated whereas unrewarded 
responses will become reduced. In behaviourist 
theories, no account is taken of internal processes. 
In the context of simulation, it is feedback from both 
consequential clinical happenings as well as faculty 
or peer feedback that serves to offer the ‘reward’ for 
desirable behaviours. Skills and drills in resuscitation 
training are typical examples of this approach. The 
cognitivist approach also emphasizes the interaction of 
the learner with their environment as they assimilate 
new experiences into their existing concepts and 
understanding in order to build or challenge existing 
knowledge or application of knowledge. Bandura 
however emphasizes human agency as a core value. 
He asserts that the power to originate actions is a key 
feature of personal agency. Personal agency is extended 
through intentionality and forethought, self-regulation, 

it is seen as the ideal way to prepare students for the 
clinical environment and as a means of evaluating 
clinical deficiencies [6].

Understanding that there is a patient at the end 
of each specimen and that patients’ lives matter, 
it is important to develop competent and qualified 
laboratory professionals, hence there is a definite 
need for an evidence base for the application of 
innovative simulation-based teaching and learning in 
medical laboratory science programs in Kenya in order 
to provide educators with exemplars of simulated 
laboratory learning, to give weight to their efforts, to 
change curricula and to identify directions for further 
research and educational change.

Objectives of the Study

General objective
To examine the challenges affecting the application 

of innovative simulation-based teaching and learning 
among teaching staff in selected KMTC Campuses 
offering Medical Laboratory Sciences in Kenya.

Specific objectives
The specific objectives were to;

1) To examine the challenges affecting the 
application of innovative simulation-based 
teaching and learning among teaching staff

2) To appraise the institutions’ ability to apply 
simulation laboratory sessions for their teaching 
and learning

3) To determine the opportunities for innovative 
Simulation-Based Medical Teaching and learning 
among teaching staff

4) To establish the factors that shape a program’s 
decision to implement simulation-based teaching 
and learning and what influences its application 
among teaching staff

Research Questions
1) What challenges are encountered while 

implementing innovative simulation-based 
teaching and learning?

2) To what extent are simulations defined, 
constructed, and implemented in the institutions 
offering medical laboratory science course?

3) Are there opportunities for those most directly 
involved in simulated-based learning in MLS?

4) What factors shape a program’s decision to 
implement simulations?

Theoretical Review
Learning to become a Medical Laboratory Scientist is 

a highly complex endeavour that could not be explained 
by any one single theory, but various facets of medical 
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Constructivism Learning Theory: This theory was 
founded by Jean Piaget in 1976. The theory advances the 
significance of involving learning in active participation 
with the aim of constructing knowledge for individual 
learners. The students are assumed to utilize background 
knowledge and concept that normally aid them during 
the acquisition of new information. Dewey, Kolb, and 
Montessori’s learning theories provide the platform for 
the use of the constructivist learning theory comprising 
a myriad of concepts such as active learning, discovery, 
and knowledge building. Of essence is that all the 
concepts provide or rather enlighten the students to 
more flexibility within a given blueprint or system [49].

Constructivism stipulates that the role of the 
teacher is that of a facilitator tasked with the role 
of motivating students to discover new tenets and 
facets of knowledge by themselves. Through such a 
development, the students are well placed to construct 
their own knowledge through self-conceptualization. 
This can be enhanced through the facilitator who instills 
curiosity and debate among learners, putting into mind 
their autonomy. Curiosity can be developed by teachers 
through adding raw and challenging data, new resources 
and materials in order for students to critically analyze 
[50].

The constructivist view to learning in the classroom is 
fashioned in Bruner [51], and Dewey [52] developmental 
theories. Piaget’s works that gave birth to cognitive 
construction postulates that, a person’s reaction to 
experiences is likely to lead or fail to lead to learning. 
On his part, Vygotsky’s social constructivism stipulates 
that factors such as language, communication, and 
social interactions among peers, family, and teachers 
are significant in the construction of meaning from 
experiences. According to Vygotsky, meaning is co-
constructed and not just constructed [53].

The theory that informs and justifies this study is 
Experiential Learning. The distinguishing feature of 
experiential learning based on the work of Steffes [41] 
is that the experiences of a learner occupy the central 
place in their teaching and learning [54] and that is 
exactly what happens during the training of a medical 
laboratory science learner. Experiential learning 
shares epistemological tenets with andragogy (the art 
and science of helping adults learn) but emphasizes 
engagement and active participation for effective 
learning. Fanning and Gaba [55], have described this 
theory as ‘learning by doing, thinking about, and 
assimilation of lessons learned in everyday behaviours. 
The experiential learning process is cyclical and 
encompasses four interrelated aspects [41].

Kolb [56] conceptualized that such learning is a 
process whereby knowledge is continuously acquired, 
tested, analysed and reflected upon during and after 
an event, and so can represent a holistic learning 
process [54]. This concept of reflection and analysis 

and self-reflectiveness about one’s capabilities, quality 
of functioning, and the meaning and purpose of one’s 
life pursuits. The personal agency operates within a 
broad network of socio-structural influences. Bandura 
[42], argues that self-efficacy (the personal agentic belief 
of the ability to control future actions) is an essential 
element in learning. The application of Bandura’s 
principles in simulation is most often described with 
reference to self-efficacy: rehearsing a skill or complex 
procedure or behaviour should both enhance self-
efficacy and provide a trigger for reflection.

Deliberate practice is a term introduced by Ericsson, 
et al. [47] where they identified the development 
of psychomotor skills in experts in terms of hours of 
deliberate practice, as a means of explaining variation in 
individual performances. The theory describes stages of 
development of skills competence from novice towards 
mastery and finally to autonomy. Deliberate practice is 
the intense and focused repetitive performance of an 
intended cognitive or psychomotor skill in a focused 
domain, coupled with rigorous skills assessment that 
provides learners with specific, informative feedback 
resulting in increasingly better skills performance, in a 
controlled setting. Although this initial work was carried 
out in relation to speed typists and musicians the 
concepts have been applied in the context of medical 
education and simulation [43].

Much of the literature suggesting the advantages of 
simulation focuses on the opportunity that simulation 
offers for repetition and practice. In one reported study 
[48] medical students who engaged in deliberate practice 
using simulation acquired improved skills in cardiac 
auscultation when compared with a comparison group.

Situated learning [44] is one of several theories where 
participation in a group, in a socio-cultural setting is key 
to learning. It is a theory that enables understanding of 
the apprenticeship model of learning, where a whole 
community contributes to the development of the 
apprentice, rather than a single expert. The learning 
which occurs is through collaboration, social interaction, 
and connectivity with the practice community. This 
theory suggests that when a new learner enters the 
community of practice they do so at the periphery. 
Lave & Wegner [44] called this legitimate peripheral 
participation. The novice observes, performs less vital 
tasks, and gradually, with increasing skill and experience 
moves towards the centre of the community of practice 
as they learn the knowledge, values, and discourse of 
the whole group which include experts, peers, and more 
advanced apprentices. Participation in discourse (or 
talk) within the community is vital to learning. Situated 
learning theory encompasses cognitive apprenticeship 
theory and informal learning theories. It is also closely 
related to the experiential learning model as it includes 
learning by doing and participating in the shared 
experience of the community.
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see learners associating the facts and rules more with 
context that can be relied upon for future application, 
and so begin to use analytical processes and rely on past 
experiences, including drawing on emotional reactions, 
to decide which elements of the situation are important 
[61].

At the final stage of expertise an individual, not 
only sees what needs to be done, but also envisages 
the solution without having to go through an analytical 
process to arrive at the solution. At this level the 
individual is totally immersed in understanding the 
situation, making decisions on how to proceed, and 
in the outcome of the situation. The application of 
Dreyfus and Dreyfus [60] novice to expert model to 
the educational/experiential aims of SBME can be 
clearly seen, as this setting provides an experiential 
medical context for expertise development where the 
use of mental functions is promoted as the complexity 
of medical scenarios is enhanced and the level of 
responsibilities increase.

This model has been applied by several authors 
[62,63] and now the researcher, who examined the 
learning of skills and competency development in 
broader areas of medical education and more so 
Simulation-Based Teaching and Learning in MLS.

In conclusion, Kolb’s experiential learning model 
identifies the main trigger for learning as being a 
concrete experience where the learner must engage in a 
transaction with their simulation-based, the learner may 
reflect upon and form abstract conceptualization, which 
leads to critical reflection and active experimentation. 
Experience in this context can have the dual meaning 
as subjective and personal, as well as objective 
and environmental, these two forms of experience 
‘interpenetrate and interact in very complex ways’ 
[64]. Simulation offers just such a concrete experience 
which is sensed through scenario-based experiences 
and most simulation experiences offer structured 
opportunities for reflection and formulation of abstract 
conceptualization which can be symbolic, abstracted 
and lead to extension and active experimentation. 
The power of using plural analogical examples, rather 
than dependence on single case examples has been 
highlighted as important in deep learning and transfer 
to novel situations [46].

In this model (Figure 1), the goal of medical education is 
to produce MLS graduates with the necessary knowledge, 
clinical skills and professional attributes to be successful 
healthcare professionals. To a certain extent, a medical 
laboratory scientist level of competence reflects the 
educational institution they attended and the medical 
education they received. Therefore, it is vital to appraise 
the educational environment in which medical lab students 
learn, including the institutional culture, curriculum, 
staff competence level and learning climate. Meaningful 
learning correlates positively with students’ perceptions of 

is the cornerstone of simulation-based education as 
an experiential learning context. A learner in an inter-
professional simulation (a medical laboratory science 
student) can participate in such an immersive scenario 
and learn through critical thinking and adaptation rather 
than strictly content delivery as is often the case in a 
classroom setting [55,57].

Experiential learning asserts that, adults learn in 
ways not possible from instruction or information 
delivery alone, and necessitates interaction between 
the learner and the environment, moving between 
‘opposing modes of reflection and action, feeling and 
thinking’ [58]. SBME provides an experiential learning 
context as experiences, either real or simulated, are 
catalysts for experiential learning [59], and experience 
is the foundation of, and the stimulus for adult learning. 
People learn through interactions with people and the 
environment and hence simulation expands on the 
traditional classroom and student simulation-laboratory 
experiences. This includes professions outside of the 
laboratory with which MLS students interact. MLS 
programs utilize experiential learning in the student 
laboratory with case-based specimen analysis; however, 
it is time to break out of the silo and teach students how 
to work with inter-professional teams prior to entering 
the professional healthcare setting.

An additional experiential educational or learning 
model which fits with SBME and aims to enhance 
learners’ expertise or mastery is provided by Dreyfus 
and Dreyfus [60] through their novice to expert. Adult 
skills acquisition is based on learning skills, rather than 
a profession. Their argument is that ‘skill in its minimal 
form is produced by following abstract formal rules, but 
that only experience with concrete cases can account 
for higher levels of performance’.

Dreyfus [61] refined the model by Dreyfus 
and Dreyfus [60] whose five phases were: novice, 
competent, proficient, expert and master to novice, 
advanced beginner, competence, proficiency, and 
expertise. The model was constructed around the four 
mental functions of component, perspective, decision, 
and commitment and how these varied at each level of 
the model.

As learners develop or mature these mental 
functions, they increase their level of expertise along the 
five-stage continuum. Individuals progress through the 
five stages of expertise by drawing on their experiences 
of solving problems in context in order to reach higher 
levels of expertise using combinations of the four mental 
functions. Context and experience in the training of MLS 
students are fundamental components of the Five-Stage 
Model of adult skills acquisition.

In the earlier stages, the lecturer reduces complex 
problems into small pieces which can be solved without 
knowledge of the entire situation, and in the later stages 
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Figure 1: Conceptual framework.
Intervening variables [65].

Sciences in the various campuses and the principals 
in these campuses. The researcher chooses campuses 
offering medical laboratory sciences because of being a 
professional in the same. Census method was used. The 
total population was 58 staff. These were 47 lecturers 
and 11 principals.

The researcher used data collection assistants. The 
assistants had a minimum of a KCSE certificate. The 
research assistants underwent three day training on 
how to identify the respondents, how to approach them, 
courtesy when engaging the respondents, communication 
and how to administer the questionnaires. The research 
assistants administered the first twenty questionnaires 
with the researcher so as to ensure professional 
administration of the questionnaires. The research 

their educational environment, as this can influence how, 
why and what students learn [66].

Research Methodology
The study used mixed-methods cross-sectional 

research design. This design was best suited for the study 
since it used information obtained as at particular time. 
The design was considered appropriate in achieving the 
study objectives. This study was conducted at the Kenya 
Medical Training Campuses, offering medical laboratory 
science program. These campuses are distributed in 12 
counties of Kenya. KMTC has more than 74 constituent 
colleges of the expansive institution offering 50 courses.

The target population comprised of lecturers 
teaching in the Department of Medical Laboratory 
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As shown, the respondents 39 (83.0%) of the 
lecturers indicated that they very well understand and 
define simulated medical laboratory experiences both 
actual and anticipated while 8 (17.0%) of the lecturers 
indicated they somehow understand and define 
simulated medical laboratory experiences both actual 
and anticipated. The respondents said they thought so 
because simulation was well outlined in the teaching 
curriculum and in all their course outlines. Others 
reported that they thought so because simulation-based 
teaching and learning was an important requirement for 
all Medical Laboratory students before they go to the 
clinical site and handle the actual patients, while others 
indicated that simulation-based teaching and learning 
was a teaching strategy that they used after they had 
done the theory so that they can reinforce student 
understanding (Table 1).

To achieve this objective, the respondents were 
given the example of challenges suggested to influence 
simulation-based teaching and learning.

From the results obtained, the respondents agreed 
that all the challenges suggested also applied in their 
institutions as far as simulation-based teaching and 
learning is concerned. Their responses were as follows: 
issues of professionalism and certain skills 43 (91.5%), 
simulations are demanding for instructional staff 46 
(97.9%), simulations are resource-intensive (funding, 
equipment, specimens, space and scheduling and 
administrative support 46 (97.9%), some aspects of 
laboratory work are difficult or impossible to simulate 
44 (93.6%) and the quality of the learning experience 
may be uneven 43 (91.5%) (Table 2). The respondents 
were also requested to list any other challenge that they 

assistants directly delivered the questionnaires to the 
respondents at the said campuses. The respondents 
were informed verbally and in writing about the study. 
Those who consented to fill the questionnaire were 
provided with questionnaire to fill, and on completing the 
questionnaire they collected and sealed in an envelope. 
The questionnaires were collected upon completion daily 
by the research assistants at designated areas for analysis. 
Daily review of the questionnaires filed and collected was 
done by the researcher. Raw data entries were reviewed 
for data entry errors and corrected prior to analysing 
data to ensure accuracy and consistency. Data was all 
coded and entered into a database and quantitative data. 
Interviews were conducted by the researcher while the 
checklist was filled by the laboratory in-charges.

Data analysis was conducted using the Statistical 
Package for Social Science (SPSS) software version 22 
for windows. Both descriptive and inferential statistics 
were used in data analysis. Whereas descriptive 
statistics included frequencies, percentages, means, 
and standard deviations, inferential statistics included 
the chi-test. Quantitative data were presented in tables, 
graphs, and charts. Responses to qualitative data were 
thematically analysed.

Data Analysis Results
The study sought at appraising the institutions’ 

ability to implement and conduct simulation laboratory 
sessions for their teaching and learning. To achieve 
this objective, the respondents were first asked how 
well they understood and defined simulated medical 
laboratory experiences both actual and anticipated and 
why they thought so. The scores from their responses 
were as indicated.

Table 1: How well do you understand and define simulated medical laboratory experiences both actual and anticipated.

How well do you understand and define simulated medical laboratory experiences both actual and anticipated
Frequency Percent Valid Percent Cumulative Percent

Valid somehow 8 17.0 17.0 17.0

very well 38 80.9 80.9 97.9

excellent 1 2.1 2.1 100.0

Total 47 100.0 100.0

Table 2: Challenges affecting the application of simulation-based teaching and learning.

Challenges affecting the application of simulation-based teaching and learning
Strongly agree Agree Strongly 

disagree
Disagree Total 

1 Issues of professionalism and certain skills 32 (68.1) 11 (23.4) 4 (8.5) 47

2 Simulations are demanding for instructional staff 23 (489) 23 (48.9) 1 (2.1) 47

3 Simulations are resource-intensive (funding, 
equipment, specimens, space and scheduling and 
administrative support)

34 (72.3) 12 (25.5) 1 (2.1) 47

4 Some aspects of laboratory work are difficult or 
impossible to simulate

19 (40.4) 25 (53.2) 2 (4.3) 1 (2.1) 47

5 The quality of the learning experience may be 
uneven

15 (31.9) 28 (59.6) 4 (8.5) 47
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that it enables them to earn Continuous Professional 
Development (CPD) points as well as enabling them to 
use case scenarios in their facilitation.

The narrative on what some respondents said 
include:

“Provision of an opportunity to practice rare 
practices like animal dissection, inoculations, a culturing 
method for viruses”, “preservation of parasites such as 
trypanosomes”, “use clinical scenarios”, “opportunity 
for making teaching and learning easier and more 
efficient”.

Some respondent said that simulation-based learning 
helps in facilitating ongoing integration of theory and 
practice, creating opportunities for learning professional 
language and participating in Inter-professional and 
teamwork-based activities as well as provision of 
feedback as alluded by a respondent who said that 
who mentioned that; “simulation-based teaching and 
learning makes the whole process of teaching skills and 
attitude easier”.

From the results obtained, most respondents 
agreed that the listed factors really shape and influence 
program’s decision to implement and apply simulation-
based teaching and learning indicating that they were 
part of the considerations they put in place when they 
thought of implementing simulations in their various 
institutions with a few having different opinion as seen 

encountered in their institution. Some of the challenges 
cited were: - “untrained staff on simulation-based 
teaching in MLS, lack of adequate infrastructure, poor 
internet strength, lack of enough models for simulation, 
lack of standard specimens due to complex specimen 
collection procedures for some specimens as well as 
instability of analytes when specimens are stored for 
long and Instability of power (electricity)”.

The respondents were first asked to tick in the 
relevant box, the perspectives and opportunities 
brought about by innovative simulation-based medical 
teaching and learning among teaching staff in medical 
laboratory sciences.

Almost all the respondents agreed that the suggested 
opportunities above have been brought about by 
innovative simulation-based learning. Only very few 
disagreed on a few of some opportunities as seen from 
the Table 3. The opportunity for assessment is seen as 
one of the major advantages for medical simulation. It is 
also noted in particular that simulation-based learning 
has the potential for capturing behaviours in contexts 
similar to actual practice. Other distinct opportunities 
is in the fact that the setting is reproducible and 
that simulation allows measurement of skills such 
as communication and professionalism, which are 
otherwise difficult to evaluate. Other positive features 
for simulation-based learning in medical laboratory 
sciences as reported by the respondents are the fact 

Table 3: Perspectives and learning opportunities for innovative simulation-based teaching and learning among teaching staff.

Perspectives and opportunities Strongly 
agree

agree Strongly 
disagree

disagree Total 

Fostering team-based approaches and opportunities 
for longitudinal monitoring

12 (25.5) 35 (74.5) 47 (100)

Providing a platform for standardized education and 
assessment of learners

18 (38.3) 28 (59.6) 1 (2.1) 47 (100)

Promoting uniformity of curricula 23 (48.9) 22 (46.8) 2 (4.3) 47 (100)

Helping to develop critical thinking 23 (48.9) 23 (48.9) 1 (2.1) 47 (100)

Promoting patient safety 28 (59.6) 16 (34.0) 3 (6.4) 47 (100

Ensuring exposure to both rare and common events 24 (51.1) 18 (38.3) 5 (1.6) 47 (100)

Promoting task repetition for performance 
improvement

7 (14.9) 40 (85.1) 47 (100)

Potentially accelerating acquisition of expertise over 
time

16 (34.0) 31 (66.0) 47 (100)

Allowing assessment of psychomotor and 
interpersonal skills

38 (80.9) 9 (19.1) 47 (100)

Providing opportunity for structured reflection through 
debriefing

37 (78.7) 10 (21.3) 47 (100)

Opportunity for assessment 35 (74.5) 12 (25.5) 47 (100)

Potential for capturing behaviours in contexts similar 
to actual practice

31 (66) 16 (34) 47 (100)

Setting is reproducible 27 (57.4) 20 (42.6) 47 (100)

Simulation allows measurement of skills such as 
communication and professionalism

30 (63.8) 17 (36.2) 47 (100)

Opportunities to improve technical, motor, 
communication, diagnostic and decision-making skills

15 (31.9) 32 (68.1) 47 (100)
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and demonstrating its parts for the purposes of 
identification”.

The respondents also reported on the increased 
use of simulation in MLS education and they alluded 
that their use was mostly driven by “accreditation of 
educational programs and standardization of graduate 
competence”. Other reasons they highlighted included 
“changes in the medical field, national portability of 
credentials and economic concerns”.

Conclusions
The study found that there were challenges affecting 

the application of innovative simulation-based teaching 
and learning among teaching staff. The study thus 
concludes that addressing the challenges of simulation in 
these campuses through training instructional staff and 
equipping the simulation laboratories will result in its 
application being improved significantly. The simulations 
were defined, constructed, and implemented to a 
greater extent. The study thus concludes that medical 
laboratory departments have offered some degree 
of simulations in their programs since they were first 
brought into the college-based didactic environment 
from their hospital origins. Further, it was found that 

from the Table 4. Educational validity seems to have 
been an afterthought in the adoption of simulation-
based learning, because 100% of the respondent agreed 
to it with 37 out of 47 respondents strongly agreeing. 
The respondents also reported that simulation-based 
learning effectively helps students learn skills they 
can apply on real patients or real-life situations, helps 
increase self-confidence on the students and lecturers 
as well as making teaching and learning easy.

The respondents were also asked about the 
simulated activities that are directly applicable to MLS 
and particularly in their institution, the following was 
a list of simulated activities they voiced out:- “sample 
collection, analysis of specimen, drug sensitivity testing 
and culture, media preparation, teaching on internal 
organs especially anatomy and physiology, dissection, 
cancer cell and their staging, tissue processing, during 
practical examination, patient’s response during sample 
collection, dispatch of results, hands-on practice on any 
theory given, and simulation of vectors and parasites 
pathogenic to humans”.

One respondent said “the simulated activities directly 
applicable in my institution include: - formal ether 
concentrate method to the slides, getting mosquitoes 

Table 4: Factors that shape a program’s decision to implement simulation-based teaching and learning.

Factors that shape and influence a program’s 
decision to implement and apply simulation-based 
teaching and learning

Strongly 
agree

Agree Strongly 
disagree

Disagree Total

Educational validity 37 (78.7) 10 (21.3) 47

A means of remedying deficiencies in troubleshooting 
skills

34 (72.3) 12 (25.5) 1 (2.1) 47

For assessing competency among practitioners 34 (72.3) 11 (23.4) 1 (2.1) 1 (2.1) 47

Valuable tool for permitting students to become familiar 
with the clinical environment

23 (48.9) 22 (46.8) 1 (2.1) 1 (2.1) 47

As a means to decrease teaching costs and increase 
access to laboratories

20 (42.6) 20 (42.6) 3 (6.4) 4 (8.5) 47

Difficulties in finding and retaining clinical sites that will 
train our students

7 (14.9) 29 (61.7) 3 (6.4) 8 (17.0) 47

The relevance of skills gained in a simulation at the 
educational institution (as institutions maybe using out-of-
date-equipment)

27 (57.4) 13 (27.7) 2 (4.3) 5 (10.6) 47

Loss of opportunities for professional socialization that 
occur within the authentic environment

19 (40.4) 18 (38.3) 3 (6.4) 7 (14.9) 47

For employers and students mutual 'sizing up' prior to 
employment

28 (59.6) 12 (25.5) 2 (4.3) 5 (10.6) 47

Working with up-to-date techniques and instrumentation 23 (48.9) 22 (46.8) 2 (4.3) 47

Experiencing non-routine aspects of laboratory 
procedures and patient specimens

26 (55.3) 18 (38.3) 2 (4.3) 1 (2.1) 47

Appreciating the rhythm and challenges of real-life 
laboratory workflow and the strategies for addressing 
them

11 (23.4) 34 (72.3) 1 (2.1) 1 (2.1) 47

Gaining a sense of contributing to patient well-being 8 (17.0) 38 (80.9) 1 (2.1) 47

The transferability of technical skills gained through 
simulation to the workplace

33 (70.2) 12 (25.5) 1 (2.1) 1 (2.1) 47

The growing construction of clinical education is a 
'burden' that must be shifted from clinical sites

17 (36.2) 21 (44.7) 3 (6.4) 6 (12.8) 47
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20. Rosen KR (2008) The history of medical simulation. J Crit 
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development of mannequin simulators for clinical education 
and training. Postgrad Med J 84: 563-570.
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in hospitals to support evidence-informed decisions in 
Kenya. Glob Health Action 7: 24859.
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simulations are used during their teaching and that it 
was well incorporated into their teaching curriculum. 
This is attributed to the fact that it makes learning and 
teaching both easier and simpler. The study also found 
out that, there are so many learning opportunities 
brought about by innovative simulation-based medical 
teaching and learning among teaching staff. The study, 
therefore, concludes that innovative simulation-based 
teaching and learning are key in the training of medical 
laboratory science students because of these distinct 
learning opportunities. This could be the reason why 
there are success stories of the effectiveness of the 
strategy. The study also found that there were factors 
considered to influence and shape a program’s decision 
to implement and apply simulation-based teaching 
and learning in the department of medical laboratory 
sciences. Most respondents agreed that the listed 
factors really shaped and influenced their decision 
to implement and apply simulation-based teaching 
and learning indicating that they were part of the 
considerations they put in place when they thought 
of implementing simulations. The study concludes 
that the campuses offering medical laboratory science 
programs should address the different opinions of the 
staff concerning the same to ensure uniformity.

Recommendations
Based on the study’s findings, the study makes several 

recommendations. The management to employ more 
medical laboratory technologists, and instructors as well 
as laboratory assistants in order to prevent workload 
overload and ensure the construction of fully equipped 
simulation laboratories in the training institutions 
offering medical laboratory science program. This 
should be highly prioritized during strategy formulations 
and budgetary allocation. The study established that 
KMTCs offering medical laboratory science program 
were not uniform in the implementation of simulations 
as a teaching and learning tool. The study therefore 
recommends that the management to ensure there 
is standardization and harmonization of training of 
Medical Laboratory Science program across all KMTCs 
offering the program in Kenya. The management should 
also create more opportunities for staff and more 
infrastructural support to promote implementation and 
sustainability. Also, The Head of Department, Nairobi 
campus to prepare schedule for updates especially 
continuous professional development programs for 
medical laboratory staff on simulation-based teaching 
and learning.

References
1. Kneebone RL, Kidd J, Nestel D, Barnet A, Lo B, et al. (2005) 

Blurring the boundaries: Scenario‐based simulation in a 
clinical setting. Med Educ 39: 580-587.

2. Gaba DM (2004) The future vision of simulation in health 
care. Qual Saf Health Care 13: i2-i10.

https://doi.org/10.23937/2643-461X/1710071
https://csmls.org/csmls/media/documents/publications/reports/csmls_simulations_final_report.pdf
https://csmls.org/csmls/media/documents/publications/reports/csmls_simulations_final_report.pdf
https://archives.joe.org/joe/2009october/comm1.php
https://archives.joe.org/joe/2009october/comm1.php
https://archives.joe.org/joe/2009october/comm1.php
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2879409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2879409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2879409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2879409/
https://www.intechopen.com/chapters/78946
https://www.intechopen.com/chapters/78946
https://www.intechopen.com/chapters/78946
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3410147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3410147/
https://pubmed.ncbi.nlm.nih.gov/23860193/
https://pubmed.ncbi.nlm.nih.gov/23860193/
https://pubmed.ncbi.nlm.nih.gov/23860193/
http://www.iamse.org/mse-article/role-of-basic-sciences-in-21st-century-medical-education-an-asian-perspective/
http://www.iamse.org/mse-article/role-of-basic-sciences-in-21st-century-medical-education-an-asian-perspective/
http://www.iamse.org/mse-article/role-of-basic-sciences-in-21st-century-medical-education-an-asian-perspective/
https://pubmed.ncbi.nlm.nih.gov/34764716/
https://pubmed.ncbi.nlm.nih.gov/34764716/
https://pubmed.ncbi.nlm.nih.gov/34764716/
https://pubmed.ncbi.nlm.nih.gov/34764716/
https://journals.sagepub.com/doi/abs/10.1177/104687810103200302?journalCode=sagb
https://journals.sagepub.com/doi/abs/10.1177/104687810103200302?journalCode=sagb
https://cdn.intechopen.com/pdfs/68899.pdf
https://cdn.intechopen.com/pdfs/68899.pdf
https://cdn.intechopen.com/pdfs/68899.pdf
https://www.osti.gov/servlets/purl/937223
https://www.osti.gov/servlets/purl/937223
https://www.osti.gov/servlets/purl/937223
https://pubmed.ncbi.nlm.nih.gov/9268881/
https://pubmed.ncbi.nlm.nih.gov/9268881/
https://pubmed.ncbi.nlm.nih.gov/18538206/
https://pubmed.ncbi.nlm.nih.gov/18538206/
https://pubmed.ncbi.nlm.nih.gov/19103813/
https://pubmed.ncbi.nlm.nih.gov/19103813/
https://pubmed.ncbi.nlm.nih.gov/19103813/
https://pubmed.ncbi.nlm.nih.gov/25084834/
https://pubmed.ncbi.nlm.nih.gov/25084834/
https://pubmed.ncbi.nlm.nih.gov/25084834/
https://pubmed.ncbi.nlm.nih.gov/25084834/
https://pubmed.ncbi.nlm.nih.gov/24048616/
https://pubmed.ncbi.nlm.nih.gov/15910434/
https://pubmed.ncbi.nlm.nih.gov/15910434/
https://pubmed.ncbi.nlm.nih.gov/15910434/
https://pubmed.ncbi.nlm.nih.gov/15465951/
https://pubmed.ncbi.nlm.nih.gov/15465951/


DOI: 10.23937/2643-461X/1710071 ISSN: 2643-461X

Kavinya et al. Int J Trop Dis 2023, 6:071 • Page 13 of 13 •

44. Lave J, Wenger E (1991) Situated learning: Legitimate 
peripheral participation. Cambridge university press.

45. Rees CE, Monrouxe LV (2010) Theory in medical education 
research: How do we get there? Med Educ 44: 334-339.

46. Norman G, Dore K, Krebs J, Neville AJ (2007) The power 
of the plural: Effect of conceptual analogies on successful 
transfer. Acad Med 82: S16-S18.

47. Ericsson KA, Krampe RT, Tesch-Römer C (1993) The 
role of deliberate practice in the acquisition of expert 
performance. Psychological Review 100: 363-406.

48. Butter J, McGaghie WC, Cohen ER, Kaye M, Wayne 
DB (2010) Simulation-based mastery learning improves 
cardiac auscultation skills in medical students. J Gen Intern 
Med 25: 780-785.

49. Lombardi SM (2011) Internet activities for a preschool 
technology education program guided by Caregivers. North 
Carolina State University. 

50. DeVries R, Zan B (2003) When children make rules. 
Educational leadership 61: 64-67.

51. Bruner JS (1961) The act of discovery. Harvard Educational 
Review 31: 21-32.

52. Dewey J (1997) How we think. Courier Dover, Mineola, 
New York, 13.

53. Biggs J (1996) Enhancing teaching through constructive 
alignment. Higher Education 32: 347-364.

54. Foley G (1999) Understanding adult education and training. 
Routledge.

55. Fanning RM, Gaba DM (2007) The role of debriefing in 
simulation-based learning. Simul Healthc 2: 115-125.

56. Kolb DA (2014) Experiential learning: Experience as the 
source of learning and development. FT press.

57. Boud D, Cohen R, Sampson J (2014) Peer learning in higher 
education: Learning from and with each other. Routledge.

58. Kolb AY, Kolb DA (2005) Learning styles and learning 
spaces: Enhancing experiential learning in higher 
education. Academy of Management Learning & Education 
4: 193-212.

59. Zigmont JJ, Kappus LJ, Sudikoff SN (2011) Theoretical 
foundations of learning through simulation. Semin Perinatol 
35: 47-51.

60. Dreyfus SE, Dreyfus HL (1980) A five-stage model of 
the mental activities involved in directed skill acquisition. 
California Univ Berkeley Operations Research Center.

61. Dreyfus SE (2004) The five-stage model of adult skill 
acquisition. Bulletin of Science, Technology & Society 24: 
177-181.

62. Batalden P, Leach D, Swing S, Dreyfus H, Dreyfus S (2002) 
General competencies and accreditation in graduate 
medical education. Health Aff 21: 103-111.

63. Carraccio CL, Benson BJ, Nixon LJ, Derstine PL (2008) 
From the educational bench to the clinical bedside: 
Translating the Dreyfus developmental model to the 
learning of clinical skills. Acad Med 83: 761-767.

64. Kolb DA (1984) The process of experiential learning. 
Experiential learning: Experience as the source of learning 
and development, 20-38.

65. Lai N, Nalliah S, Jutti RC, Hla Y, Lim VKE (2009) The 
educational environment and self-perceived clinical 
competence of senior medical students in a Malaysian 
medical school. Educ Health 22: 148.

66. Mayya S, Roff S (2004) Students′ perceptions of educational 
environment: A comparison of academic achievers and 
under-achievers at kasturba medical college, India. Educ 
Health 17: 280-291.

Waters H, et al. (2013) The global burden of unsafe medical 
care: Analytic modelling of observational studies. BMJ Qual 
Saf 22: 809-815.

24. World Health Organization (2014) Reporting and learning 
systems for medication errors: The role of pharmacovigilance 
centres.

25. Ersdal HL, Vossius C, Bayo E, Mduma E, Perlman J, et al. 
(2013) A one-day “Helping Babies Breathe” course improves 
simulated performance but not clinical management of 
neonates. Resuscitation 84: 1422-1427.

26. Riding K, Polancic J (2016) ASCLS entry level curriculum for 
medical laboratory scientist (MLS) and medical laboratory 
technician (MLT) draft. McLean (VA): The American Society 
for Clinical Laboratory Science.

27. Hartfield P (2013) Blended learning as an effective 
pedagogical paradigm for biomedical science. High Learn 
Res Commun 3: 59-67.

28. Garrison DR, Kanuka H (2004) Blended learning: 
Uncovering its transformative potential in higher education. 
The Internet and Higher Education 7: 95-105.

29. Appiagyei AA, Kiriinya RN, Gross JM, Wambua DN, Oywer 
EO, et al. (2014) Informing the scale-up of Kenya’s nursing 
workforce: A mixed methods study of factors affecting 
pre-service training capacity and production. Hum Resour 
Health 12: 47.

30. https://kmlttb.org/index.php/contact-us/
31. http://kenyalaw.org:8181/exist/kenyalex/sublegview.

xql?subleg=No.%2010%20of%201999
32. Okuda Y, Bryson EO, DeMaria Jr S, Jacobson L, Quinones 

J, et al. (2009) The utility of simulation in medical education: 
What is the evidence? Mt Sinai J Med 76: 330-343.

33. Gordon JA, Pawlowski J (2002) Education on-demand: 
The development of a simulator-based medical education 
service. Acad Med 77: 751-752.

34. Da RG (2010) Pre-analytical workstations: A tool for 
reducing laboratory errors. Journal of Medical Biochemistry 
29: 315-324.

35. Herbst JH, Jacobs ED, Finlayson TJ, McKleroy VS, 
Neumann MS, et al. (2008) Estimating HIV prevalence and 
risk behaviors of transgender persons in the United States: 
A systematic review. AIDS Behav 12: 1-17.

36. Karkaousos P, Evangeloupos A (2011) In: InTech, 
Applications and experiences of quality control. Springer, 
Shanghai, 321-360.

37. Sheen J, Sutherland-Smith W, Thompson E, Youssef GJ, 
Dudley A, et al. (2021) Evaluating the impact of simulation-
based education on clinical psychology students' confidence 
and clinical competence. Clinical Psychologist 25: 271-282.

38. Sherwin J (2011) Competency-based medical education 
takes shape. AAMC Reporter.

39. Durham CF, Alden KR (2008) Enhancing patient safety in 
nursing education through patient simulation. In: Hughes 
RG, Patient safety and quality: An evidence-based 
handbook for nurses.

40. Potkonjak V, Gardner M, Callaghan V, Mattila P, Guetl C, 
et al. (2016) Virtual laboratories for education in science, 
technology, and engineering: A review. Computers & 
Education 95: 309-327.

41. Steffes JS (2004) Creating powerful learning environments: 
Beyond the classroom. Change: The Magazine of Higher 
Learning 36: 46-50.

42. Bandura A, Barbaranelli C, Caprara GV, Pastorelli C (2001) 
Self-efficacy beliefs as shapers of children's aspirations 
and career trajectories. Child Dev 72: 187-206.

43. Ericsson KA (2004) Deliberate practice and the acquisition 
and maintenance of expert performance in medicine and 
related domains. Acad Med 79: S70-S81.

https://doi.org/10.23937/2643-461X/1710071
https://www.cambridge.org/in/academic/subjects/psychology/developmental-psychology/situated-learning-legitimate-peripheral-participation?format=PB&isbn=9780521423748
https://www.cambridge.org/in/academic/subjects/psychology/developmental-psychology/situated-learning-legitimate-peripheral-participation?format=PB&isbn=9780521423748
https://pubmed.ncbi.nlm.nih.gov/20444069/
https://pubmed.ncbi.nlm.nih.gov/20444069/
https://pubmed.ncbi.nlm.nih.gov/17895680/
https://pubmed.ncbi.nlm.nih.gov/17895680/
https://pubmed.ncbi.nlm.nih.gov/17895680/
https://graphics8.nytimes.com/images/blogs/freakonomics/pdf/DeliberatePractice(PsychologicalReview).pdf
https://graphics8.nytimes.com/images/blogs/freakonomics/pdf/DeliberatePractice(PsychologicalReview).pdf
https://graphics8.nytimes.com/images/blogs/freakonomics/pdf/DeliberatePractice(PsychologicalReview).pdf
https://pubmed.ncbi.nlm.nih.gov/20339952/
https://pubmed.ncbi.nlm.nih.gov/20339952/
https://pubmed.ncbi.nlm.nih.gov/20339952/
https://pubmed.ncbi.nlm.nih.gov/20339952/
https://repository.lib.ncsu.edu/handle/1840.16/6826
https://repository.lib.ncsu.edu/handle/1840.16/6826
https://repository.lib.ncsu.edu/handle/1840.16/6826
https://scholarworks.uni.edu/facpub/3242/
https://scholarworks.uni.edu/facpub/3242/
https://psycnet.apa.org/record/1962-00777-001
https://psycnet.apa.org/record/1962-00777-001
https://www.jstor.org/stable/3448076
https://www.jstor.org/stable/3448076
https://www.routledge.com/Understanding-Adult-Education-and-Training/Foley/p/book/9781865081472
https://www.routledge.com/Understanding-Adult-Education-and-Training/Foley/p/book/9781865081472
https://pubmed.ncbi.nlm.nih.gov/19088616/
https://pubmed.ncbi.nlm.nih.gov/19088616/
https://books.google.co.in/books/about/Experiential_Learning.html?id=jpbeBQAAQBAJ&redir_esc=y
https://books.google.co.in/books/about/Experiential_Learning.html?id=jpbeBQAAQBAJ&redir_esc=y
https://www.jstor.org/stable/40214287
https://www.jstor.org/stable/40214287
https://www.jstor.org/stable/40214287
https://www.jstor.org/stable/40214287
https://pubmed.ncbi.nlm.nih.gov/21440810/
https://pubmed.ncbi.nlm.nih.gov/21440810/
https://pubmed.ncbi.nlm.nih.gov/21440810/
https://apps.dtic.mil/sti/citations/ADA084551
https://apps.dtic.mil/sti/citations/ADA084551
https://apps.dtic.mil/sti/citations/ADA084551
https://www.bumc.bu.edu/facdev-medicine/files/2012/03/Dreyfus-skill-level.pdf
https://www.bumc.bu.edu/facdev-medicine/files/2012/03/Dreyfus-skill-level.pdf
https://www.bumc.bu.edu/facdev-medicine/files/2012/03/Dreyfus-skill-level.pdf
https://pubmed.ncbi.nlm.nih.gov/12224871/
https://pubmed.ncbi.nlm.nih.gov/12224871/
https://pubmed.ncbi.nlm.nih.gov/12224871/
https://pubmed.ncbi.nlm.nih.gov/18667892/
https://pubmed.ncbi.nlm.nih.gov/18667892/
https://pubmed.ncbi.nlm.nih.gov/18667892/
https://pubmed.ncbi.nlm.nih.gov/18667892/
https://pubmed.ncbi.nlm.nih.gov/20029744/
https://pubmed.ncbi.nlm.nih.gov/20029744/
https://pubmed.ncbi.nlm.nih.gov/20029744/
https://pubmed.ncbi.nlm.nih.gov/20029744/
https://pubmed.ncbi.nlm.nih.gov/15848815/
https://pubmed.ncbi.nlm.nih.gov/15848815/
https://pubmed.ncbi.nlm.nih.gov/15848815/
https://pubmed.ncbi.nlm.nih.gov/15848815/
https://pubmed.ncbi.nlm.nih.gov/24048616/
https://pubmed.ncbi.nlm.nih.gov/24048616/
https://pubmed.ncbi.nlm.nih.gov/24048616/
https://apps.who.int/iris/handle/10665/137036
https://apps.who.int/iris/handle/10665/137036
https://apps.who.int/iris/handle/10665/137036
https://members.ascls.org/store_product.asp?prodid=70
https://members.ascls.org/store_product.asp?prodid=70
https://members.ascls.org/store_product.asp?prodid=70
https://members.ascls.org/store_product.asp?prodid=70
https://files.eric.ed.gov/fulltext/EJ1133817.pdf
https://files.eric.ed.gov/fulltext/EJ1133817.pdf
https://files.eric.ed.gov/fulltext/EJ1133817.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1096751604000156?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1096751604000156?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1096751604000156?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25142037/
https://pubmed.ncbi.nlm.nih.gov/25142037/
https://pubmed.ncbi.nlm.nih.gov/25142037/
https://pubmed.ncbi.nlm.nih.gov/25142037/
https://pubmed.ncbi.nlm.nih.gov/25142037/
https://kmlttb.org/index.php/contact-us/
http://kenyalaw.org:8181/exist/kenyalex/sublegview.xql?subleg=No. 10 of 1999
http://kenyalaw.org:8181/exist/kenyalex/sublegview.xql?subleg=No. 10 of 1999
https://pubmed.ncbi.nlm.nih.gov/19642147/
https://pubmed.ncbi.nlm.nih.gov/19642147/
https://pubmed.ncbi.nlm.nih.gov/19642147/
https://pubmed.ncbi.nlm.nih.gov/12114174/
https://pubmed.ncbi.nlm.nih.gov/12114174/
https://pubmed.ncbi.nlm.nih.gov/12114174/
https://pubmed.ncbi.nlm.nih.gov/17694429/
https://pubmed.ncbi.nlm.nih.gov/17694429/
https://pubmed.ncbi.nlm.nih.gov/17694429/
https://pubmed.ncbi.nlm.nih.gov/17694429/
https://www.tandfonline.com/doi/abs/10.1080/13284207.2021.1923125
https://www.tandfonline.com/doi/abs/10.1080/13284207.2021.1923125
https://www.tandfonline.com/doi/abs/10.1080/13284207.2021.1923125
https://www.tandfonline.com/doi/abs/10.1080/13284207.2021.1923125
https://pubmed.ncbi.nlm.nih.gov/21328731/
https://pubmed.ncbi.nlm.nih.gov/21328731/
https://pubmed.ncbi.nlm.nih.gov/21328731/
https://pubmed.ncbi.nlm.nih.gov/21328731/
https://www.sciencedirect.com/science/article/abs/pii/S0360131516300227
https://www.sciencedirect.com/science/article/abs/pii/S0360131516300227
https://www.sciencedirect.com/science/article/abs/pii/S0360131516300227
https://www.sciencedirect.com/science/article/abs/pii/S0360131516300227
https://www.tandfonline.com/doi/abs/10.1080/00091380409605580
https://www.tandfonline.com/doi/abs/10.1080/00091380409605580
https://www.tandfonline.com/doi/abs/10.1080/00091380409605580
https://pubmed.ncbi.nlm.nih.gov/11280478/
https://pubmed.ncbi.nlm.nih.gov/11280478/
https://pubmed.ncbi.nlm.nih.gov/11280478/
https://pubmed.ncbi.nlm.nih.gov/15383395/
https://pubmed.ncbi.nlm.nih.gov/15383395/
https://pubmed.ncbi.nlm.nih.gov/15383395/

	Title
	Corresponding author
	Abstract 
	Keywords
	Background of Study 
	Research Problem 
	Objectives of the Study 
	General objective 
	Specific objectives 

	Research Questions 
	Theoretical Review 
	Research Methodology 
	Data Analysis Results 
	Conclusions
	Recommendations
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	References

