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Abstract

Context: Effective clinical skills training of medical students can guarantee a higher quality of care, diagnosis, and treatment for
patients. Therefore, selection of appropriate methods of clinical education is of great significance. Mastery learning is one of the
learning models in which educational progress is not dependent on time, but rather performance. In this model, the learner is con-
stantly assessed until achieving mastery. All students can achieve the same level of learning, although the amount of time required
for mastery is variable.
Objectives: The purpose of the present study was to review the literature on the effects of mastery learning on the clinical education
of medical students.
Data Sources: This systematic review was conducted in English and Persian databases to evaluate articles on mastery learning in
clinical education, published from 1990 to 2016. In the primary search, 503 articles were retrieved using Persian and English key-
words, including “clinical teaching” and “mastery learning”. After reviewing the abstracts, 50 relevant articles were selected, and,
finally, 26 articles were reviewed.
Results: Based on the findings, mastery learning can improve skill mastery among students, reduce the complications of medical
interventions, increase the students’ self-confidence, reduce the required time for skill acquisition, increase the students’ knowl-
edge, and improve their communication skills. Also, this method of learning has been effectively applied in medicine, nursing, and
occupational therapy for students and hospital staff.
Conclusions: Mastery learning is a suitable method for teaching clinical skills to students. Considering the advantages of this
method, it can be used effectively to train students from different medical disciplines.
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1. Context

Mastery learning is one of the learning models in
which educational progress is not dependent on time, but
rather individual performance. In this method, learners
are subjected to regular assessments until reaching the
designated level of mastery. All students can achieve the
same level of learning, although the amount of time re-
quired for mastery is variable (1).

The model of mastery learning was first established by
Benjamin Bloom, James Block, and John Carroll in 1963.
Bloom believed that the learner must achieve the desig-
nated level of mastery through constant practice within
an amount of time, which is needed for the learner to at-
tain the target level of mastery. The learners are constantly
tested by the instructor, and as soon as they reach the de-
sired level of mastery (80% - 90%), they can move forward

to the next lesson or program. He/she criticized the rela-
tively fixed time allocated to teaching learners with differ-
ent competencies and considered it to be detrimental to
the learning process (2). Accordingly, in the mastery learn-
ing model, the objectives are similar for all learners, while
there is no fixed time for learning (3, 4).

Different stages of mastery learning include: establish-
ment of educational objectives; primary assessment; ap-
praisal of mastery level; training implementation; forma-
tive assessment; learning correction; and summative as-
sessment. Similar to every other instructional model, mas-
tery learning also has several disadvantages, such as be-
ing time-consuming and prioritizing poor learners, as in-
structors devote most of their time to these students. On
the other hand, the advantages of this method include the
learners’ greater effort due to higher motivation, as they
are certain that they can reach the level of more capable
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students by allocating sufficient time to learning. In this
regard, previous studies have confirmed the efficacy of this
model in promoting learning in different disciplines (5).
Also, its effectiveness in improving the learning of medical
students has been established (6).

Considering the nature of medical sciences, student
training in the clinical setting is one of the most important
educational disciplines in medicine. Effective clinical edu-
cation requires adoption of methods, which can enhance
the students’ knowledge and performance (7). Mastery
learning is one of the models, which can be used for clini-
cal training of students to improve the process of learning.
Nevertheless, there are few studies about the application
of mastery learning at universities, especially in the field
of medical sciences.

Previous studies in medical fields have mostly con-
centrated on the effects of mastery learning on practi-
cal skills, such as insertion of central venous catheters
(CVC), thoracentesis, paracentesis, cardiopulmonary re-
suscitation (CPR), and lumbar puncture (8-14). These stud-
ies mostly searched medical resources and databases, and
the researchers were all from the Northwestern University
of Chicago. However, a limited number of articles have
been published in other medical disciplines, such as nurs-
ing and occupational therapy. Research suggests that this
model can be applied for Iranian students or students from
other medical disciplines and professions with different
levels of competence.

As most clinical practitioners are looking for ways to
improve practical knowledge and skill training for stu-
dents (15) with respect to their individual characteristics,
it seems that mastery learning is one of the models, which
can take the students’ characteristics into consideration
(16). This model is in fact performance-oriented (17), in-
creasing the students’ level of knowledge and self-efficacy
(18).

2. Objectives

According to our literature review on the efficacy of
mastery learning, we aimed to determine whether mastery
learning can be applied as a useful and effective method in
the clinical education of medical students, who shape the
future of the healthcare system of our country.

3. Data Sources

In this systematic review, relevant articles were re-
trieved from reliable databases. For this purpose, Google
Scholar, PubMed, Scopus, Ovid, and ScienceDirect were re-
viewed for English articles, while Magiran, SID, ISC, Medlib,

and IranMedex were searched for Persian articles. The
search strategy and article selection were agreed upon by
researchers and two faculty members of Iran University of
Medical Sciences, based on a predesigned form for data
extraction (e.g., author’s name, year of publication, type
of study, target clinical skills, study population, and find-
ings).

To retrieve English articles, MeSH keywords, including
“clinical education”, “medical student”, “mastery learn-
ing”, “health professionals”, “medical education”, and
“practical learning”, were searched independently or in
combination. In addition, the Persian equivalents of these
keywords were searched independently or in combination
to retrieve Persian articles.

The keywords were searched in the titles of articles
published from 1990 to 2016. According to our search, the
primary application of mastery learning and its integra-
tion in different medical disciplines, especially clinical ed-
ucation, are unknown, and no specific time has been pin-
pointed so far. Nevertheless, its emergence in medical arti-
cles and clinical fields has been documented in the 2000’s.
Therefore, for comprehensiveness, all papers published be-
tween 1990 and 2016 were reviewed in this study. To pre-
vent bias, the search was conducted by two researchers in-
dependently using the data collection form. Agreement on
controversial and disputed issues was established based
on scientific discussion and consensus.

The inclusion criteria in this review were as follows: (1)
Compliance with the research standards based on the criti-
cal appraisal skills program (CASP); (2) relevance and struc-
turedness of the paper; and (3) clinical, semi-experimental,
case-control, or cohort design. On the other hand, lack of
access to the full-text of the article and unavailability of
data in the data collection form were considered as the ex-
clusion criteria.

The articles were studied and selected in three stages.
First, the title was reviewed, and then, irrelevant papers
were removed from the list of findings. In the second stage,
by reading the abstracts, relevant articles with clinical,
Quasi -experimental, case-control, or cohort design were
retrieved. Finally, in the third stage, the entire article was
reviewed, and duplicate studies were removed (22 articles).
In case the full-text of the manuscript was inaccessible, we
sent an email to the corresponding author and asked for a
copy of the manuscript. Studies with inadequate or inac-
cessible data (one article) were excluded from the search.

The manuscripts retrieved by each researcher were
thoroughly examined via discussion, and the search re-
sults were analyzed in one session; controversial topics
were resolved through scientific debate. In the final stage,
after confirmation by two faculty members of the Faculty
of Nursing of Iran University of Medical Sciences, a total of
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Table 1. The Retrieved Articles After Abstract Review

Type of Study Number of Studies

Clinical trials 5

Quasi-experimental studies 22

Prospective cohort and case-control studies 16

Review articles 3

Case reports 1

Qualitative studies 3

26 articles were included in the study. The search stages
are presented in Figure 1. The articles were searched from
March 2016 to June 2016, and data were extracted and ana-
lyzed until October 2016.

4. Results

According to our search in different databases, a total
of 503 articles were retrieved, 50 of which were selected af-
ter reviewing the abstracts. By examining these articles,
clinical, Quasi -experimental, case-control, and cohort tri-
als were selected and reviewed (Table 1). Among the eval-
uated articles, we focused on the ones which had exam-
ined mastery learning in clinical education for medical
students. The number of articles retrieved at this stage was
26 (24 articles in English and two articles in Persian lan-
guage) (Table 2).

5. Discussion

The most important finding of this study is that we
can use the mastery learning model in other medical dis-
ciplines. This finding is compatible with the nature of
mastery learning, which is rooted in behavioral learning
theories, and it seems that this instructional method can
be used for training psychomotor skills (6). However, it
should be noted that mastery learning influences other
areas of learning, as well and can be used to increase
knowledge, self-confidence, self-efficacy, and communica-
tion skills of individuals (5, 8, 14, 18, 19, 26, 27).

Based on the present findings, the most important out-
come of mastery learning is improvement of the learner’s
competence. Besides improving clinical skills, this method
is also applicable in other fields, such as nursing (5, 12, 18,
21, 22, 24, 26, 27, 30) and occupational therapy (36). Never-
theless, in a study by Kessler et al., the pretest and posttest
scores of medical students were not significantly differ-
ent. They stated that an independent course based on mas-
tery learning cannot increase the skills significantly (25),

thereby highlighting the importance of time in mastery
learning.

One of the disadvantages of mastery learning is be-
ing time-consuming (5). In the model proposed by Carrol,
longer learning time was associated with a higher level of
learning (37). On the other hand, Rahmani et al. found that
mastery learning for clinical training is not more time-
consuming than the conventional method. In fact, this
method has been proposed for classrooms with a high
number of students, where a great amount of time is de-
voted to students. Overall, in mastery learning, students
who have achieved the level of mastery can spend more
time on re-training until students with weak performance
can reach their level (5); they can also help less motivated
students to achieve the desired mastery level.

Based on the results of a study by Anbari and Ramezani,
the goal of medical education at universities is to develop
self-centered learning, improve psychomotor skills, time
management skills, self-confidence, and communication
skills, and discourage passivity among students (38); most
of these goals were highlighted in our review of the liter-
ature. One of the most important findings of the present
study was the improved performance and skill mastery of
students, while one of the main goals of medical educa-
tion is to improve psychomotor skills. In the study by Bar-
suk et al., IM residents who had participated in the mastery
learning course were more confident in bedside thoracen-
tesis and did not refer their patients to other physicians
(19). Similarly, in two other studies, the participants’ confi-
dence increased after training (8, 26).

Moreover, in the study by Cohen et al., one of the pos-
itive outcomes of participation in the mastery learning
course was improvement of communication skills with pa-
tients (24). Zendejas et al. also showed that time manage-
ment skills of the participants improved after the mastery
learning course (29, 31). Two other objectives of medical ed-
ucation, i.e., self-centered learning and prevention of stu-
dent passivity, are also the main features of mastery learn-
ing method, which allow students to progress at their own
pace according to their competencies (16).

Another important finding of this systematic review
is related to the effect of mastery learning in the clinical
setting on reducing post-treatment complications, espe-
cially after invasive procedures, such as CVC insertion, arte-
rial blood sampling, and paracentesis. In a previous study,
which aimed to determine the complications of CVC inser-
tion, it was found that 54 out of 155 patients had developed
complications (39). According to our review, several stud-
ies have focused on the important role of mastery learning
in reducing the complications of invasive procedures (23,
26, 29, 31, 33).

In summary, the mastery learning method can be ap-
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Number of articles retrieved by database search
Persian (n, 35)
English (n, 468)

Number of articles after
removing duplicates
Persian (n, 35)
English (n, 452)

Figure 1. The process of systematic review (PRISMA, preferred reporting items for systematic reviews and meta-analyses)

plied in different branches of health sciences. Previous
studies have evaluated this method in medical practice,
nursing, and occupational therapy, confirming its signifi-
cant role in the skill improvement of students. According
to the literature, this method can be used as both an in-
structional approach for students and in-service training
for hospital staff. Therefore, considering the community’s
need for professional health experts who have reached a
high level of clinical competence during training, mas-
tery learning can be applied to prevent the needless en-
couragement of highly motivated students and inatten-
tion to weak students, as reported in educational systems.
It can be concluded that postgraduate students with mas-
tery learning have acquired the basic clinical skills (5).

6. Conclusions

This review study supports the use of mastery learning
method in the clinical education of students. Considering
the great impact of this method on performance, it is rec-
ommended for practical training to ensure that most stu-
dents achieve the target educational goals after the course.
Also, extensive studies are suggested before the applica-
tion of this model regarding its disadvantages, costs, and
prerequisites.

6.1. Limitations

The main limitation of the present study is that we only
searched electronic databases, whereas books, research
projects, and unpublished studies could have been also
taken into consideration. Also, the search only included
English and Persian articles.
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Table 2. The Retrieved Articles About Clinical Education Among Medical Students

References Type of Study Country Target Clinical Skills Study Population Results and Conclusions

Barsuk et al. (19) Prospective cohort USA Thoracentesis Three groups including 112 IM
residents completing
simulation-based mastery
learning during 2012-2015; 122
IM residents with traditional
training; and 51 physicians
working at hospital

Traditionally trained residents
were more likely to refer
patients to other doctors and
cited lower confidence as the
main reason. However,
residents with mastery
learning had greater
confidence and were more
likely to perform bedside
thoracenteses than refer the
patient. The difference in the
pretest and posttest scores was
also significant in the
intervention group.

Reed et al. (20) One-group
pretest-posttest
design

USA Ultrasound-guided peripheral
intravenous line placement;
basic skin laceration repair;
chest compression; bag-valve
mask ventilation; defibrillator
management during
ventricular tachycardia and
ventricular fibrillation; and
defibrillator management
during pulseless electrical
activity and cardiac arrest

A total of 135 students on an EM
clerkship

All students passed the tests
after the course, and the
percentage of students who
reached the MPS was
significant. Ninety-eight
percent of the students scored
at or above MPS for all skills
after one year.

Barsuk et al. (21) One-group
pretest-posttest
design

USA Central line maintenance
(medication administration;
injection cap changes; tubing
changes; blood drawing; and
dressing changes)

A total of 49 ICU nurses The posttest scores of nurses
increased by 100% for central
line maintenance, compared
to the pretest.

Cason et al. (22) Cohort study USA Nasogastric tube insertion A total of 134 second-year
nursing students and 52
first-year bachelor students of
nursing (student pairs)

All students obtained a
checklist score of 100% after
the program.

Barsuk et al. (23) Cohort study USA CVC insertion EM and IM residents before
mastery learning (control
group; 2008 - 2010) and after
participation in the mastery
learning program (test group;
2010 - 2012)

The difference in the pretest
and posttest scores of residents
was significant regarding CVC
insertion. There was a 74%
reduction in the incidence of
central line-associated
bloodstream infections during
2010 - 2012, when the residents
participated in the mastery
learning program.

Roha et al. (18) Three-group
pretest-posttest
design

South
Korea

CPR skills A total of 255 second-year
nursing students participating
in an emergency nursing
course in three groups

The level of knowledge and
self-efficacy significantly
improved after the clinical
course, compared to the
baseline. However, the scores
of knowledge, self-efficacy, and
psychomotor skill error were
not significantly different
between the groups.

Cohen et al. (24) Cohort study USA Cardiac auscultation,
paracentesis, lumbar
puncture, management of
critically ill patients, and
communication with patients

A total of 47 interns
participating in a mastery
learning course in 2011 versus
109 second-year historical
controls (without
participation in the course)

All trained interns met or
exceeded the MPS and
performed significantly better
than historical control interns
on all skills.

Colquitt et al. (14) Pretest-posttest
design without a
control group

USA Advanced CPR skills A total of 16 residents The level of knowledge and
skills of students in the
posttest was significantly
higher than the pretest. The
level of knowledge was also
high after one year, and skills
had significantly improved,
compared to the posttest.
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Kessler et al. (25) Randomized trial USA Infant lumbar puncture and
child intravenous line
placement

A total of 200 medical interns
(104 cases of lumbar puncture
and 96 cases of intravenous
line placement)

The difference in the pretest
and posttest scores for the
evaluated skills was not
significant. Participation in a
single mastery learning
session was insufficient for
these skills.

Scholtz et al. (26) Prospective study USA CVC dressing change A total of 525 inpatient nurses Knowledge and self-confidence
improved significantly in the
posttest, compared to the
pretest. On the other hand, the
number of dressings requiring
corrective prompts and central
line-associated blood stream
infections significantly
decreased.

Tang and Dong (27) Cohort study Singapore Assessment of patients with
exacerbation of asthma or
chronic obstructive
pulmonary disease and
administration of
bronchodilator therapy

Eight primary care nurses The knowledge of nurses
increased successfully in the
posttest, compared to the
pretest. In the pretest, 67% of
nurses reported moderate
knowledge of target skills,
while in the posttest, 90%
reported good or excellent
knowledge.

Ahya et al. (28) Prospective cohort USA Hemodialysis catheter
insertion

Eighteen nephrology fellows The nephrology fellows who
completed the training course
displayed high levels of
performance during insertions
after six months. The results
indicated a significant
reduction in the posttest
catheter insertion scores,
compared to the immediate
posttest (posttest after training
based on the mastery model).

Barsuk et al. (12) Two-group
pretest-posttest
design

USA Lumbar puncture A total of 58 first-year IM
residents participating in a
mastery learning intervention
versus 36 nephrology residents
in the second, third, and fourth
years with traditional training

Comparison of the pretest and
posttest scores of the test
group showed significant
improvements in the spinal
sampling performance, and all
these residents met the MPS.
The performance of
traditionally trained
neurology residents was
significantly lower than the
test group, and only 6% met
the MPS.

Barsuk et al. (13) Pretest-posttest
design without a
control group

USA Paracentesis A total of 58 first-year IM
residents

The residents’ paracentesis
skills improved significantly
from pretest to posttest, and
all residents met or exceeded
the MPS.

Zendejas et al. (29) One-group
two-stage design

UK Laparoscopy Nine medical students, 36
general surgery residents, and
three surgery fellows (n, 48)

All learners achieved the
mastery endpoints in an
acceptable amount of time.
The surgery duration and
complications during and
after surgery decreased, while
the performance and
participation increased.

Baghaei et al. (30) Semi-experimental,
two-stage,
pretest-posttest
design

Iran Cognitive and behavioral skills
of students in ICUs

A total of 28 nursing students
in the eighth postgraduate
year

The pretest-posttest
comparison of the mean
performance scores indicated
a significant difference among
students. Also, comparison of
clinical competence of
students before and after
traditional and
competence-based methods
showed significant differences.
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Zendejas et al. (31) Single-blind
randomized clinical
trial

USA Laparoscopy A total of 50 residents (26
residents in the intervention
group and 24 residents in the
control group)

The mastery learning
curriculum decreased
operative time, improved
trainee performance, and
decreased intra- and
postoperative complications.

Butter et al. (32) Two-group
pretest-posttest
design

USA Cardiac auscultation A total of 108 medical students
(77 third-year students with a
mastery learning-based
curriculum and 31 fourth-year
students with traditional
training)

The trained third-year students
demonstrated significantly
higher cardiac auscultation
performance, compared to the
fourth-year students.

Cohen et al. (33) Experimental design USA CVC insertion A total of 69 IM and EM
residents

The catheter-related
complications decreased, and
the costs decreased by 7000
dollars per year.

Barsuk et al. (34) Observational
cohort

USA CVC insertion A total of 103 IM and EM
residents (27 traditionally
trained residents and 76
simulator-trained residents)

The simulator-trained
residents reported fewer
needle passes, arterial
punctures, catheter
adjustments, and higher
success rates, compared to
traditionally trained residents.

Barsuk et al. (35) Prospective
observational
cohort

USA Hemodialysis catheter
insertion

A total of 18 nephrology fellows
(six fellows with traditional
education and 12 fellows with a
mastery learning-based
curriculum)

Performance of traditionally
trained fellows was poor, and
only 17% met the MPS, while
performance of
simulator-trained fellows was
significantly improved.

Barsuk et al. (8) Cohort USA CVC insertion A total of 41 IM residents in ICU
(13 traditionally trained and 28
simulation-trained residents)

The simulation-trained group
required fewer needle passes
to insert a catheter. In
addition, they displayed more
self-confidence and accuracy in
the procedural skills,
compared to traditionally
trained residents.

Rahmani et al. (5) Semi-experimental,
two-group,
pretest-posttest
design

Iran Cognitive and functional skills
in airway management,
nasogastric tube insertion,
rapid neurological
examination, and arterial
blood sampling

A total of 52 fourth-year
nursing students

In all cognitive and practical
skills, the difference in the
pretest and posttest scores of
students with mastery
learning was greater than that
of the traditionally trained
group.

Wayne et al. (9) Pretest-posttest
design without a
control group

USA Thoracentesis A total of 40 third-year IM
residents

Performance improved by 71%
from pretest to posttest in the
mastery learning group, and
all residents met the mastery
standard.

Wayne et al. (10) Pretest-posttest
design without a
control group

USA Advanced CPR skills A total of 41 second-year IM
residents

Performance improved
significantly after simulator
training, and all residents met
or exceeded the MPS.

Wise and Iris (36) One-group
pretest-posttest
design

Australia Patient handling skills A total of 88 second-year
occupational therapy students

Difference in the pretest and
posttest scores was significant,
and all students could master
100% of patient handling skills
in the posttest.

Abbreviations: EM, emergency medicine; IM, internal medicine; MPS, minimum passing standard.
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