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ABSTRACT
Background: This BEME review aims at exploring, analyzing, and synthesizing the evidence considering the utility of the
mini-CEX for assessing undergraduate and postgraduate medical trainees, specifically as it relates to reliability, validity, edu-
cational impact, acceptability, and cost.
Methods: This registered BEME review applied a systematic search strategy in seven databases to identify studies on valid-
ity, reliability, educational impact, acceptability, or cost of the mini-CEX. Data extraction and quality assessment were carried
out by two authors. Discrepancies were resolved by a third reviewer. Descriptive synthesis was mainly used to address the
review questions. A meta-analysis was performed for Cronbach’s alpha.
Results: Fifty-eight papers were included. Only two studies evaluated all five utility criteria. Forty-seven (81%) of the
included studies met seven or more of the quality criteria. Cronbach’s alpha ranged from 0.58 to 0.97 (weighted mean ¼
0.90). Reported G coefficients, Standard error of measurement, and confidence interval were diverse and varied based on
the number of encounters and the nested or crossed design of the study. The calculated number of encounters needed for
a desirable G coefficient also varied greatly. Content coverage was reported satisfactory in several studies. Mini-CEX discrimi-
nated between various levels of competency. Factor analyses revealed a single dimension. The six competencies showed
high levels of correlation with statistical significance with the overall competence. Moderate to high correlations between
mini-CEX scores and other clinical exams were reported. The mini-CEX improved students’ performance in other examina-
tions. By providing a framework for structured observation and feedback, the mini-CEX exerts a favorable educational
impact. Included studies revealed that feedback was provided in most encounters but its quality was questionable. The
completion rates were generally above 50%. Feasibility and high satisfaction were reported.
Conclusion: The mini-CEX has reasonable validity, reliability, and educational impact. Acceptability and feasibility should be
interpreted given the required number of encounters.

Background

Assessment plays a central role in medical education. It
completes the learning process by monitoring students’
progress and achievement regarding the curriculum out-
comes. Several tools have been developed for serving this
purpose. One of the most frequently-used assessment tools
that measure trainees’ performance in workplace settings is
the mini-Clinical Evaluation Exercise (mini-CEX). An expert,
usually a faculty member, observes the actual performance
of trainees, rates a variety of their clinical skills, and pro-
vides feedback to them (Norcini et al. 1995).

Since its introduction in the 1990s by the American
Board of Internal Medicine (ABIM), the mini-CEX has been
widely used for different populations and in different con-
texts around the world. Our scoping search yielded many
papers reporting the application of the mini-CEX for either
formative or summative purposes. These reports, however,
vary in several aspects including the number of required
encounters, background of the raters, and the format of
the evaluation form. Some of these studies have targeted
issues such as psychometric properties, educational

consequences, and users’ satisfaction with the mini-CEX. In
our scoping search, we also found a number of systematic
reviews. Some of them included mini-CEX in addition to
other workplace-based assessment (WPBA) tools (Kogan
et al. 2009; Miller and Archer 2010; Mills et al. 2011;
Pelgrim et al. 2011), but four reviews focused solely on the

Practice points
� The mini-CEX can be used in both undergraduate

and postgraduate training programs with reason-
able validity and reliability.

� Although can be used for summative purposes,
by facilitating meaningful feedback and its ante-
cedent favorable educational consequences, the
mini-CEX is especially suitable for forma-
tive assessment.

� Proper implementation process to ensure psycho-
metric and educational properties while maintain-
ing acceptability and feasibility should be adopted.
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mini-CEX (Hawkins et al. 2010; Ansari et al. 2013;
Sandilands and Zumbo 2014; L€orwald, Lahner, Nouns, et al.
2018). Although each of these reviews focused on one or
more characteristics of the mini-CEX, none of them
adopted a comprehensive framework to analyze the overall
usefulness of the tool.

A common framework to explore all aspects of assess-
ment tools is the utility formula. The framework is com-
posed of validity, reliability, educational impact,
acceptability, and the cost of the assessment tool (van der
Vleuten 1996). Since this framework provides simple yet
comprehensive criteria beyond the traditional psychomet-
rics of validity and reliability, in this systematic review, we
evaluated the mini-CEX using van der Vleuten’s formula
for utility.

Review objective

The main objective of this BEME review was to explore,
analyze, and synthesize the evidence considering the utility
of the mini-CEX for assessing undergraduate and post-
graduate medical trainees. We examined the following fac-
tors: reliability, validity, educational impact, acceptability,
and cost.

Methods

This systematic review followed the published BEME-
approved protocol (Mortaz Hejri et al. 2017) and was in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analyses), and the STORIES
(STructured apprOach to the Reporting In healthcare edu-
cation of Evidence Synthesis) statements (Gordon and
Gibbs 2014).

Search sources and strategies

Our initial scoping search yielded about 500 studies, from
which 20 papers were identified as potentially relevant to
our review. These findings were used to refine our search
strategy. We assumed that including population together
with study outcomes would diminish the sensitivity of
search strategy and limit the number of retrieved articles
even further. Hence, the full search strategy was developed
using 11 terms and their Boolean combinations in collabor-
ation with a librarian for health (RM).

We explored seven electronic databases: MEDLINE,
EMBASE, PsycINFOvia OVIDsp, CINAHL via EBSCO, ERIC via
ProQuest, SCOPUS, and Web of Sciences. The appropriate
search strategy for each database was developed individu-
ally (Supplementary Appendix 1). The initial search was
performed in December 2016 and updated once in June
2017 and again in September 2018. A “tracking tool” was
provided as a search log for each database. We stored the
search strategies in the database, so we received emails
monthly regarding the new updates. We did not limit stud-
ies’ language or publication year.

To find the gray literature, we searched ProQuest
Dissertations & Theses Global. We conducted forward and
backward hand searching by checking the reference lists
and citations of the included articles and the review articles
for additional relevant studies. All citations retrieved were

entered into an EndNote database. Duplicate citations
were removed.

Study selection criteria

We were interested in studies reporting on the use of mini-
CEX in undergraduate or postgraduate medical education
which provided empirical data (either quantitative or quali-
tative) related to the validity, reliability, educational impact,
acceptability, or cost of the mini-CEX. No study was
excluded on the grounds of study design, geographical
location, or language. Yet, commentary and opinion pieces
were excluded, as well as review articles, given that studies
are required to provide primary data to be included in the
BEME review. A summary of the inclusion and exclusion cri-
teria can be found in Table 1. In addition to the original
form of the mini-CEX, we included modified versions
regardless of whether the competency domains or the rat-
ing scale had been changed.

Screening and selection of studies

For screening, all the identified papers were entered into
Rayyan (available for free at https://rayyan.qcri.org). Two
reviewers (MJ and RM) independently screened the papers
in two rounds. The initial screening process was performed
based on the titles and abstracts of the papers. In the
second round, the full texts of the remaining articles were
assessed against the inclusion and exclusion criteria.
Studies were included if both reviewers agreed on the rele-
vance. If both reviewers agreed to exclude the paper the
article was rejected. In each phase, the percent agreement
of raters was calculated by dividing the total number of
ratings by the number in agreement (on both included
and excluded evidence) to get a fraction, and then con-
verted it to a percentage. In case of any disagreement, the
reviewers resolved the issue by discussion and consensus.

Procedure for extracting data

To extract data from the primary studies, we had designed
a provisional form (Mortaz Hejri et al. 2017). Before using
the form for this review, we revised it by conducting a pilot
review for a set of five papers. Some items were modified,
and a few other items were added to the form. The data
was to be extracted by two independent reviewers (SMH
and MS). Before starting extraction, they extracted five
articles’ data and discussed the results to ensure consist-
ency. Modifications were made when necessary and the
form was finalized. Reviewers (SMH and MS), then, started
extracting data from all included articles independently. To
ensure accuracy, all of the extracted data was checked by a
third reviewer (MJ). When there was any discrepancy
between the two reviewers, he extracted data himself, and
the final decision was made by discussion and consensus.

The data extraction form included the following infor-
mation: details of the citation, country and institution of
study, study aims and design, characteristics of the popula-
tion, details of the format of the mini-CEX used, methods
used to evaluate the utility, and the key findings. Since the
number of the included studies were high, where
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information was not available, authors were not contacted
for further information, and it was indicated as
“not reported.”

Study quality assessment

To evaluate the methodological quality of the eligible stud-
ies, we used a generic checklist, developed by Buckley
et al. (Buckley et al. 2009), which is applicable to all study
designs. The checklist consists of 11 criteria, each is rated
as “met,” “unmet,” or “unclear” (Table 2). To be deemed of
high quality, studies are required to meet a minimum of
seven indicators. Although the high-quality papers were
evaluated in greater depth, we did not remove any study
because of poor quality.

The quality assessment was done independently by two
team members (SMH and MS).

A third reviewer (MJ) checked the marks, and when
there were any disagreements between the two reviewers,
he evaluated the paper himself, and then the issue was
resolved through discussion and consensus.

Synthesis of extracted evidence

First, we provided a description on the characteristics, set-
ting, and context of the included studies. This descriptive
synthesis was used as the basis of synthesis evidence to
address the review questions and objectives. In attempting
to answer our original research questions, we presented

our findings according to five outcomes (validity, reliability,
acceptability, educational impact, and cost). Considering
the reliability of the mini-CEX, we anticipated to find
mostly quantitative data. It was expected to have both
qualitative and quantitative data for questions addressing
the validity and acceptability of the tool. On the other
hand, educational impact was supposed to have been dealt
with mainly through qualitative methods.

With regard to quantitative data, we predicted signifi-
cant heterogeneity in studies’ setting, design, and method-
ology that would preclude meta-analysis for most items.
Hence, we planned to report our findings narratively and
undertook a rich and exploratory descriptive synthesis of
evidence to explain differences in findings. Just for
Cronbach’s alpha, we managed to conduct a meta-analysis
by pooling data using a random-effects method consider-
ing study sample size and number of items. A normalizing
transformation for F statistic was applied in addition to a
weighting scheme involving both the estimated sampling
error of each study and the estimated random effects vari-
ance (Rodriguez and Maeda 2006).

Results

Search results

Figure 1 illustrates the process of literature searching
and selection.

Table 1. Inclusion and exclusion criteria.

Category Inclusion criteria Exclusion criteria

Target population Undergraduate medical traineea (undergraduate medical
education, basic medical education, medical student) or
Postgraduate medical traineesb (graduate medical education,
residency training, resident)

Non-medical students
Continuing medical education
Continuing professional development
Graduate practitioners

Target Intervention Mini-Clinical Evaluation Exercise in workplace Other assessment toolsc

(Mini-CEX, mCEX, Direct Observation of Clinical Skills (DOCS),
Clinical Evaluation Exercise (CEX)

Mini-CEX in non-authentic settingsd

Outcomes Utility
Validity, credibility
Reliability, generalizability, reproducibility, consistency, accuracy
Educational impact, educational effect, learning impact,
educational outcome, consequential validity
Cost, cost-effectiveness, feasibility
Acceptability, satisfaction

Study Language All languages
Study type All designs No primary empirical research (commentary, opinion

pieces, reviews)
aStudents undertaking undergraduate or basic medical education at a medical school in order to reach a primary qualification in medicine.
bLearners of educational programs for medical graduates entering a specialty.
cIncluding studies that reported the mini-CEX besides other assessment tools without presenting the mini-CEX data separately, studies that used tools which
differed in several aspects from the original mini-CEX form or focused on a very specific task or domain.

dIncluding studies that used the mini-CEX in simulated settings or in interactions with standardized patients.

Table 2. BEME quality indicators (Buckley et al. 2009).

No Category Question

1. Research question Is the research question or hypothesis clearly stated?
2. Study subjects Is the subject group appropriate for the study being carried out?
3. Data collection methods Are the methods used appropriate for the research question and context?
4. Completeness of data Attrition rates/acceptable questionnaire response rates
5. Risk of bias assessment Is a statement of author positionality and a risk of bias assessment included?
6. Analysis of results Are the statistical and other methods of results analysis used appropriate?
7. Conclusions Is it clear that the data justify the conclusions drawn?
8. Reproducibility Could the study be repeated by other researchers?
9. Prospective Is the study prospective?
10. Ethical issues Are all ethical issues articulated and managed appropriately?
11. Triangulation Were results supported by data from more than one source?
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We retrieved a total of 2259 citations; 2244 of them
were obtained from electronic databases and 15 abstracts
were yielded as the result of searching the gray literature.
All of them were imported into EndNote. After removing
1317 duplicates, a total of 942 abstracts remained.

In the first round of screening, 637 and 145 papers were
excluded and included by both reviewers, respectively.
The percent agreement between raters at this stage was
0.83. All 160 disagreements were resolved by discussion,
which resulted in a further 60 papers being excluded.
Consequently, 697 papers were excluded. The reasons
included review articles, studies without data relevant to
study questions or application of mini-CEX for health pro-
fessions other than medicine.

Nine citations were conference abstracts and Really
Good Stuff, so their full data were not available. According
to the Cochran handbook, a considerable number of con-
ference abstracts never get published in journals, and
those that are finally published in full, demonstrate totally
different findings (Higgins and Green 2011). Hence, we did
not exclude those nine studies but treated them separately
for extracting their data as extra evidence.

In the second round of screening, the percent agree-
ment was 96.8%, as both reviewers agreed on inclusion/
exclusion of 185 papers. Again, all disagreements were
handled by discussion. Tools that have been devised based
on the mini-CEX but were totally different in terms of their
format and purpose, were excluded at this stage. Some
examples include: P-MEX (Cruess et al. 2006), Ophthalmic

Clinical Evaluation Exercise (OCEX) (Golnik et al. 2004),
Palliative Care CEX (Han et al. 2005), eCEX (Ferenchick et al.
2010), Resident Observation and Competency Assessment
(RO&CA) (Musick et al. 2010), Clinicosocial Case Study
(Gohel et al. 2016), and Practical physiology (Gade et al.
2017). Moreover, papers which used mini-CEX either in
simulated settings such as Objective Structure Clinical
Exams (OSCEs), or for evaluating raters’ performance in
video-taped clinical encounters (Holmboe et al. 2003;
Margolis et al. 2006; Donato et al. 2008; Cook et al. 2009;
Cook and Beckman 2009; Lie et al. 2010; Alves de Lima
et al. 2013; Yeates et al. 2013; Gingerich et al. 2017) were
also excluded.

We updated the search in June 2017 and September 2018,
which resulted in 150 and 94 more citations, respectively;
from which 11 papers were considered as relevant. Hence, 58
papers were ultimately included for data extraction.

Overview of the included studies

Supplementary Appendix 2 reports details of all
included studies.

Regarding study design, all papers were either descrip-
tion or justification studies according to the classification
suggested by Cook et al. (2008). Characteristics of the
included studies are presented in Table 3.

Among the included studies, several interesting cluster-
ing of papers was noticed. These involved a total of 26
studies, which might affect the conclusions due to the

Records iden�fied through 
database searching  

(n = 2244)

Addi�onal records iden�fied 
through other sources  

(n = 15)

Records a�er duplicates removed  
(n = 942) 

Records a�er screening �tle and 
abstract (n = 245) Records excluded  

(n = 697)

Full-texts assessed for eligibility  
(n = 236) Full texts excluded 

(n =191)

Eligible Full texts  
(n = 45) 

Duplicated 
records (n =1317)

Eligible Full texts  
(n = 11) 

Forward/backward 
search (n = 2)  

Included records  
(n = 58) 

Updated search  
(n = 244) 

Full data not available 
(n = 9) 

Extra evidence  
(n = 9)  

Figure 1. Flow diagram of study selection process.
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potential correlation of data. Five studies were conducted
in anesthesiology residency in New Zealand and Australia
(Weller, Jolly, et al. 2009; Weller, Jones, et al. 2009; Weller
et al. 2014; Castanelli et al. 2016; Weller et al. 2017). Three
studies were published using data of cardiovascular resi-
dents in Argentina (Alves de Lima et al. 2005; Alves De
Lima et al. 2007; Alves de Lima et al. 2010). Another three
reports were from implementing mini-CEX within the resi-
dency programs of the US from the same investigator
(Norcini et al. 1995; 1997; 2003). A further three citations
were related to 1-month rotation of residents of different
departments at emergency departments in Taiwan (Lin
et al. 2012; Chang et al. 2013, 2017). Another three studies
were performed in pediatrics residency in India (Singh and
Sharma 2010; Goel and Singh 2015; Gupta et al. 2017).
Among studies on undergraduate programs, four in the US
(Torre et al. 2007; Torre et al. 2011; Kogan et al. 2003; Ney
et al. 2009), three in Switzerland (Montagne et al. 2014;
Rogausch et al. 2015; Berendonk et al. 2018), and two in
the UK (Hill and Kendall 2007; Hill et al. 2009) were con-
ducted by the same research teams.

The mini-CEX format and process in the
included studies

The original format of mini-CEX, as it appeared in the very
first articles (Norcini et al. 1995; 1997; Durning et al. 2002),
was composed of four competency domains; namely, history
taking, physical examination, clinical judgment and synthe-
sis, and humanistic qualities (Supplementary Appendix 2).
The ABIM later revised the domains, so the final form
included medical interviewing, physical examination, human-
istic qualities/professionalism, clinical judgment, counseling,
and organization/efficiency. Most of the subsequent studies
(35 studies) have applied the 6-domain form, without any
changes or with minor changes in wording or layout.

However, some investigators modified the mini-CEX domains
by removing or adding a number of competencies. These
modifications have resulted in forms with different number
of domains, depending on the competencies of interest: five
(Hatala et al. 2006; Ney et al. 2009), seven (Lin et al. 2012;
Chang et al. 2013, 2017), eight (Suhoyo et al. 2014), nine
(Weller, Jolly, et al. 2009; Weller, Jones, et al. 2009), 10
(Weller et al. 2014, 2017), or 13 (Castanelli et al. 2016). The
extra domains include areas such as technical and proced-
ural skills, patient education, risk management, documenta-
tion, and team interaction. All of the above-mentioned
forms included an overall rating of trainees’ performance,
except the forms used in three studies that conducted in
Taiwan (Lin et al. 2012; Chang et al. 2013, 2017).

In accordance with the original format of the mini-CEX,
most studies (45 out of 53 studies that reported their scal-
ing format) used a 9-point Likert scale for rating each com-
petency domain in which 1, 2, and 3 were defined as
unsatisfactory, 4 as marginal, 5 and 6 as satisfactory, and 7,
8, and 9 as superior performances. Yet, a variety of rating
scales in terms of lengths and labels can be seen in the
included studies. These modifications consist of 4-point
(Suhoyo et al. 2014), 5-point (Cook et al. 2010), 6-point (Hill
and Kendall 2007; Hill et al. 2009), 8-point (Ergin et al.
2013; Playford et al. 2013), and 10-point (Montagne et al.
2014; Rogausch et al. 2015) rating scales. In all but nine
studies, the rating form also contained a “not observed” or
“insufficient contact” option.

Weller and colleagues in several studies changed the
scoring system from the conventional scoring system to an
entrustment scale. This system was based on the trainee’s
level of independence with a case and the raters scored
trainees according to the level of supervision requirement
(SReq). The investigators corrected the raw SReq scores for
case difficulty and also calculated the observed minus
expected (O-E) SReq scores (Weller et al. 2014, 2017).

Table 3. Characteristics of the included studies.

Characteristic Categories Number of studies

Design Qualitative 7
Quasi experimental 3
Mixed method 3

Study site USA or Canada 16
Europe 12

Other (Australia, Argentina, or Asia) 30
Language English 51

Spanish 4
Danish 1
Turkish 1
French 1

Program Postgraduatea 33
Undergraduate 21
Foundation Year 3

IMGsb 1
Setting Outpatient 5¥

Inpatient 4£

ED 4e

OR 1m

Mixed settings 25
Not stated 19

Characteristic Min Max Median

Duration of studyc 2 months (Alves De Lima et al. 2005) 5 years (Pernar et al. 2011)
No. of participants 8 (Ergin et al. 2013; Fern�andez Galvez 2011) 1149 (Weller et al. 2017) 80
No. of raters 4 (Alves De Lima 2005) 2401 (Weller et al. 2017) 67
No of forms completed 16 (Alves De Lima 2005) 7808 (Weller et al. 2017) 365
aEleven of which implemented the mini-CEX in more than one program or hospital, and the rest were single-center.
bInternational Medical Graduates.
cDuration of study was �12months in 31 reports, and <1 year in 12 studies.
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Eleven studies reported the use of a digital tool to facili-
tate the implementation of mini-CEX in their settings.
These include online and computer-based format in most
cases (Weller, Jolly, et al. 2009; Weller, Jones, et al. 2009;
Cook et al. 2010; Playford et al. 2013; Weller et al. 2014;
Castanelli et al. 2016; Weller et al. 2017). Torre et al.
deployed a PDA-based form (Torre et al. 2007, 2011).
Chang and colleagues described that in the first few
months, the assessments were paper-based; however, over
the following months, part of the process changed to a
computer-based format (Chang et al. 2013; 2017).

Out of 41 papers which explicitly stated their purpose of
assessment, 33 declared that the gathered data were not
meant to contribute to final course grades and were used
only for formative purposes. Seven citations described both
formative and summative usage (Hill and Kendall 2007;
Weller, Jones, et al. 2009; Brazil et al. 2012; Playford et al.
2013; Suhoyo et al. 2014; Weston and Smith 2014; Yanting
et al. 2016). In one of their articles, Alves de Lima and col-
leagues mentioned that they first introduced the mini-CEX
as a formative assessment, and then after 2 years, started
to use it as a summative tool (Alves de Lima et al. 2010).

Twenty-nine papers stated a minimum number of
required mini-CEX encounters, which varied from 3 to 23.
However, these numbers should be adopted by the dur-
ation of educational program. Twenty-two out of these 29
papers reported the duration, which ranged from 1 month
(two studies) to 1 year (six studies). We calculated the aver-
age numbers per month to standardize the records. The
stringent requirement was related to Taiwanese residents
from different disciplines, required to complete four mini-
CEXs, while they were spending a 1-month rotation in
emergency department (Lin et al. 2012; Chang et al. 2013).
On the other hand, in a cardiology residency program in
Argentina, and a pediatrics residency in India, each resident
was supposed to fulfill about half assessment per month
that is 4–6 times in a year (Alves de Lima et al. 2010; Goel
and Singh 2015).

While the usual procedure of mini-CEX is trainee-initi-
ated, a few studies mentioned that the assessments were
performed at pre-planned times (i.e., they were scheduled
for certain dates in advance) (Alves de Lima et al. 2005;
Hatala et al. 2006; Singh and Sharma 2010; Khalil et al.
2017). Moreover, some studies stated that the person
responsible for selecting the cases was the rater, not the
student (Fernando et al. 2008; Lin et al. 2012; Suhoyo et al.
2014; Chang et al. 2017). In three studies, each trainee was
evaluated by more than one rater on each occasion
(Abadie et al. 2015; Khalil et al. 2017; Pottier et al. 2018).

Two studies declared that no training session was held
for the raters (Weston and Smith 2014; Pottier et al. 2018).
However, in 40 papers some kind of training, for raters
and/or trainees, was mentioned. These included written
and online guidelines, departmental presentations, inter-
active workshops, video-based materials, etc.

Methodological quality of the included studies

Forty-seven (81%) of the included studies met seven or
more of the quality criteria. The scores ranged from 5
(Playford et al. 2013; Saeed et al. 2015; Meresh et al. 2018)

to 11 (Kogan et al. 2003; Holmboe et al. 2004; Nair et al.
2008; Kim et al. 2016; Humphrey-Murto et al. 2018).

While study designs and data collection methods were
generally aligned with the stated research question, 10
papers failed to clearly state their research question or
hypothesis. Lack of obtaining an ethical approval was a
limitation in 20 studies. In general, triangulation was found
in just 20 studies. Twenty-seven studies explicitly stated
their risk-of-bias inherent to the study design or
methodology.

Score of each included study has been indicated in
Supplementary Appendix 2.

Overview of the utility in the included studies

Considering the desired outcomes of implementing mini-
CEX, we were looking for data on five criteria of utility;
namely, validity, reliability, educational impact, acceptabil-
ity, and cost. However, this was by no means a straightfor-
ward task and we came up with papers reporting a variety
of outcomes which made it difficult to synthesize the
extracted data. Prior to synthesis, we had to discuss the
possible options to decide on a unified procedure for the
purpose of this review. We divide studies into the following
categories, in this regard:

� The first group of studies not only used the exact utility
indicators that we had previously defined for this review
but also provided a clear description of the method-
ology used to achieve that outcome. For example, some
studies stated that for “reliability,” “Cronbach alpha
coefficient” was calculated. We imported these studies’
data as they were.

� The second group of papers reported an outcome with
a name which was not in our list. However, by taking a
closer look, we could relate the reported outcomes with
one of the outcomes we had in mind. For instance, a
considerable number of papers gathered data regarding
satisfaction of raters and students. We had little trouble
reaching a consensus for this type. We simply put
“satisfaction” under “acceptability.” Likewise, a large
number of papers reported the mini-CEX feasibility.
Since there is no such term in the original utility for-
mula, and since almost none of the studies had per-
formed the cost analysis, we decided to put them
under “cost.” Then for more clarity, we changed “cost”
to “cost and feasibility.”

� The third group of papers caused serious bother, as
they reported only the methods of data gathering, with-
out mentioning a particular outcome. For example, sev-
eral studies investigated the feedback provided to the
students, in terms of their types, formats, impacts on
learning, etc. Having discussed the issue in depth and
in detail, we categorized these findings into
“educational impact.” Similarly, we considered comple-
tion rate, observation time, and feedback time as the
“feasibility” evidence. In addition, almost all studies
reported the correlation between domains (such as his-
tory taking and physical exam). We concluded that
these correlations demonstrate some evidence of
“construct validity.”
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� In a few cases, disagreement was seen among studies
when they were addressing a certain method. For
instance, one paper compared the mini-CEX scores dur-
ing the course to see if any progress had happened, and
considered this as validity, while another one claimed
this is the educational impact of the tool. We considered
this as validity, since all improvement during a period of
time cannot be attributed to the assessment.

In this way, we managed to organize all of the extracted
data in a meaningful and consistent approach. We found
out that, in five studies out of 58 citations, just one utility
criterion had been assessed, and only two studies eval-
uated all five outcomes. Twenty-two, 11, and 18 studies
investigated two, three, and four criteria, respectively
(Supplementary Appendix 2).

Reliability

Twenty-eight studies reported data on the reliability
(Table 4).

Internal consistency
Eighteen values for Cronbach’s alpha were taken over com-
petency domains in the mini-CEX ranging from 0.58
(Paravicini and Peterson 2015) to 0.97 (Fern�andez Galvez
2011). More than half of the studies (11 out of 18) calcu-
lated a coefficient of around or higher than 0.9. While an
acceptable value is considered above 0.7, two studies cal-
culated a coefficient of less than 0.7 (0.64 in Eriksen et al.
2009 and 0.58 in Paravicini and Peterson 2015). We could
not find any special characteristics in these studies except
one. This study on 23 residents in a chiropractic program
included three sessions over a period of 12months. Each
session contained four stations with separate encounters
with real patients. The focus of stations was focused history
taking followed by clinical reasoning, physical examination

followed by clinical reasoning questions, patient manage-
ment after history taking, and a radiology station consisting
of 5 different imaging cases. They used a 9-point scale for
two first sessions and a 5-point scale for the last session
(Paravicini and Peterson 2015). Meta-analysis was per-
formed using data from 16 studies which had reported suf-
ficient information. Two studies were not enrolled for
meta-analysis since the number of their participants had
not been reported. The weighted mean for Cronbach’s
alpha within a random effect model was found to be 0.90
(95% CI: 0.89–0.91).

Generalizability analysis
Generalizability analysis, which quantifies errors of meas-
urement form different sources in a test, based on analysis
of variance (ANOVA), was performed in 11 studies.
Coefficients varied noticeably as a function of number of
encounters, when using D study to estimate the reliability
of varying combinations of numbers of assessors and cases
per trainee, the results are diverse. Norcini et al. reported a
G coefficient of 0.55 for four observations (Norcini et al.
1995). Alves de Lima and colleagues estimated that for one
encounter G coefficient would be 0.07 and for 50 encoun-
ters it would reach to 0.80 (Alves de Lima et al. 2007). In
another G analysis considering eight encounters, the G
coefficient was 0.88 (Nair et al. 2008). One study calculated
G coefficient for 3–12 encounters and found it to be
between 0.60 and 0.86 (Jackson and Wall 2010). Hill and
colleagues calculated G coefficients separately within clin-
ical rotations and across clinical rotations: With regard to
just one encounter, G was 0.18 in both data sets, however
when 15 encounters were taken into account, G coefficient
was 0.77 and 0.73, within and across clinical rotations,
respectively (Hill et al. 2009). One study performed G study
regarding two different designs: When one assessor-one
case was considered, G coefficient was 0.07 and 0.04 in
fully crossed design and fully nested design, respectively.

Table 4. Methods of data gathering for assessment of the five utility criteria in the included studies and the frequency of
each method.

Utility Index
(number of studies) Method of data gathering

Number of
studies

Reliability (28) � Cronbach’s alpha coefficient (internal consistency) 18
� Generalizability analysis: G and D studies 11
� Standard error of measurement and confidence interval 8
� Inter-rater agreement 4
� Inter-encounter reliability 1
� Perceptions of stakeholders through survey, focus group discussions, or interviews 2

Validity (33) � Representativeness of observed patients’ problems and diagnoses (content validity) 3
� Measuring the discrimination between different competency levels (construct validity) 18
� Pearson’s coefficient or regression analysis among components of the competence and

among 6 competencies and the overall competence (construct validity)
10

� Factor analysis (construct validity) 4
� Correlation between the mini-CEX scores and the results of other examinations

(criterion validity)
9

� Perceptions of stakeholders through survey, focus group discussions, or interviews 4
Acceptability (36) � Satisfaction of the assessors and trainees via questionnaires 29

� Satisfaction of the assessors and trainees via interviews, or focus group discussions 8
Educational
impact (30)

� Assessing the change in performance of trainees 3
� Asking trainees’ and faculty’s opinions about the utility of the mini-CEX as an

educational tool (interviews, surveys, and focus group discussions)
20

� Frequency of feedback provision, and analysis of feedback content 8
Cost and
feasibility (38)

� Transforming the total annual faculty time expenditure into dollars 1
� Time spent per encounter (observation, feedback, total) 29
� Completion rate 21
� Percentage of incomplete data in the mini-CEX forms 1
� Perceptions and experiences of stakeholders (through surveys, individual or

group interviews)
7
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Using 25 assessors-10 cases (250 encounters) would result
in G coefficient of 0.84 in fully nested design, while for 15
assessor-5 cases (75 encounters), G coefficient was esti-
mated as 0.4 in a fully nested design (Weller, Jolly, et al.
2009). Cook et al. applied a 5-point Likert scale, but they
adjusted their analysis for the original 9-point scale.
According to their findings, for one assessor and 14 raters,
reliability coefficient was 0.19 and 0.75, respectively (Cook
et al. 2010). A recent study by Humphrey-Murto and col-
leagues used the G study by including (separately) the dis-
cipline and rater type as a facet and came up with G
coefficients of 0.53 and 0.23, respectively (Humphrey-Murto
et al. 2018).

Generally, if looking at the number of encounters
needed to achieve a reliability coefficient of 0.7, different
numbers of encounters were estimated: five (Jackson and
Wall 2010), 10–14 (Cook et al. 2010), and 11–13 (Hill et al.
2009) encounters have been suggested in different studies.
However, in some studies, a higher number of mini-CEXs
were needed to achieve this goal. One study reported a
minimum number of 30 encounters (Alves de Lima et al.
2007). Weller et al. stated that at least 60 encounters (20
assessors each observing three cases) would be needed in
a fully crossed design; they failed to reach a desirable G
coefficient in nested design, regardless of the number of
raters or cases (Weller, Jolly, et al. 2009). These investiga-
tors in another study showed that the composite scoring
system requires eight encounters (eight raters each assess-
ing one case) to reach a reliability of 0.7. Assessor numbers
could be reduced to seven if each assessed three cases.
This moderate level of reliability cannot be obtained if the
overall score is taken into account even with 50 encounters
(10 assessors � 5 cases) (Weller et al. 2014). Weller et al.
believed that their innovative scoring system was more
intuitive for raters and expected it to improve assessment
accuracy. In fact, the findings of their studies showed that
a moderate level of reliability (G coefficient >0.7) can be
achieved with as low as 9 encounters (3 assessors with 3
cases each) when corrected independence scores are con-
sidered (Weller et al. 2014). D study results showed that
considerably fewer assessments (4 assessors each rating 2
cases or 6 assessors each rating one case) can result in
moderate reliability if O-E SReq scores are used (Weller
et al. 2017).

In some papers, variance components of different fac-
tors were reported as well as the G coefficients. In one
study only 6% of total variance was related to the desirable
variance (resident variance) and near 75% was associated
with differences between assessors/cases and residual error
(Alves de Lima et al. 2007). Cook et al. found that the
object of measurement (the resident) accounted for only
about 12% of the variance, which was less than the vari-
ance arising from other sources (Cook et al. 2010). In
another study, 40% of score variance was found to be due
to assessor stringency (Weller, Jolly, et al. 2009). Another
study by the same investigator looked at the contribution
of trainee ability, assessor stringency, assessor subjectivity
(across trainees), and residual case-to-case variation in
scores variations. The study concluded that composite
scores reflect trainee ability better than the overall scores.
When composite scores of the domains are considered, the
variance due to trainee ability, assessor stringency, assessor

trainee-related subjectivity, and residual case-to-case vari-
ation were 22%, 40%, 22%, and 16%, respectively. For over-
all scores, the variance components were 9% for trainee
ability, 29% for assessor stringency, 26% for assessor
trainee-related subjectivity, and 36% for residual case-to-
case variation (Weller et al. 2014). In a recent study, error
constituted the majority (66–85%) of the variation in scores
and students accounted for only a small percentage (3–6%)
of the variance (Humphrey-Murto et al. 2018). Having
applied a scoring system other than the conventional
method, Weller and colleagues concluded that using O-E
SReq scores resulted in favorably large variance component
pertaining to trainees’ ability (Weller et al. 2017).

Standard error of measurement (SEM) and confidence
interval (CI)
CI and SEM are used to estimate the amount of error in
any measurement. Values for SEM/CI were obtained from
eight studies. Depending on the number of encounters
and the design of the study (i.e., crossed vs. nested) and
whether the SEM is calculated for overall score or average
score, the magnitude of SEM varied greatly. In one study,
SEM was calculated to be 0.35 for four encounters (Norcini
et al. 1995), while another study found the same value of
SEM for eight encounters (Nair et al. 2008). SEM was
reported 0.52–0.53 for one encounter; and 0.13–0.15 when
15 encounters (Hill et al. 2009). Alves de Lima et al. showed
that for one and 50 encounters, SEM was 0.78 and 0.11,
respectively (Alves de Lima et al. 2007). Weller et al. found
that in a fully crossed design, 250 encounters (25 assessors
�10 cases) would result in a CI of 0.17 while a fully nested
design would give rise to a CI of 0.40 with 75 (15� 5)
encounters (Weller, Jolly, et al. 2009). Cook et al. also noted
a SEM of 0.26–0.29 for 14 encounters (Cook et al. 2010).

An acceptable level of SEM (<0.26) or CI (<0.52) would
be achieved by a minimum of four encounters (Hill et al.
2009), 10 encounters (Alves de Lima et al. 2007), 10 asses-
sor-one case (10 encounters) (Weller, Jolly, et al. 2009).

Other quantitative methods
Hatala and colleagues, considering the fact that each
encounter was observed by a separate examiner, used
Cronbach’s alpha to examine the inter-encounter reliability
of the candidates’ mean overall score. The coefficient was
calculated to be 0.74 (Hatala et al. 2006). In one study, the
investigators performed a one-way ANOVA of one factor
between the scores of global competence of each of the
teachers to analyze the inter-observer variability. They
noticed that the scores of global competence of each of
the teachers was significantly (p< 0.0001) different
(Fern�andez Galvez 2011). In another study in two institu-
tions in Argentina, however, the findings were different.
Using the Bland Altman method for determining inter-
observer agreement, researchers found good concordance
in the assignment of scores between observers in both
hospitals (limit of agreement in hospital 1 was �1.952 to
1.507 and limit of agreement in hospital 2 was �2.148 to
1.920). They concluded that the “values of disagreement
did not exceed figures of operational relevance” (Abadie
et al. 2015). In another recent study in Switzerland, in
which each encounter was observed by two assessors, the
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researchers analyzed the inter-rater agreement on categor-
ical data (such as unsatisfactory, satisfactory, superior, etc.)
using Cohen’s kappa coefficient and found that the coeffi-
cient for all categories using the 9-point evaluation scale
was 0.31 (fair) and for the 5-point scale was 0.42 (moder-
ate). The overall percent agreements for the 9- and 5-point
scales were 43% and 55% respectively. The authors also
assessed the inter-rater reliability of the actual numerical
values for the various competencies at a station using the
intra-class correlation coefficient (ICC) and found that ICC
values ranged between 0.39 and 0.77 for the 9-point scale,
and between 0.14 and 0.70 for the 5-point scale (Paravicini
and Peterson 2015). Another study in France yielded similar
results for ICC, namely between 0.39 and 0.81 (Pottier et al.
2018). Hill and colleague, using an exploratory variance
component analysis of domain scores to examine the con-
tribution of relevant factors to students’ scores, revealed
that examiner stringency contributed significant unwanted
variation to the scores with values as great as 23% per
encounter and 29% per competency domain (Hill
et al. 2009).

Qualitative methods
When asked about their perceptions about the mini-CEX,
both examiners and students agreed that several short
assessments would be more reliable than one long case
(Hill et al. 2009). In a study in anesthesiology, some faculty
raised the issue that there is potential for personal interac-
tions leading to strong bias and some stated that the face
to face nature of the encounter encouraged leniency and
above-average scores (Weller, Jones, et al. 2009).

Validity

A total of 33 studies reported data on different aspects of
the mini-CEX validity. The investigators have applied sev-
eral methods to gather validity evidence (Table 4).

Representativeness of the performed mini-CEXs (con-
tent validity)
Three studies reported good content coverage of the cases
and observations. One study conducted in five internal
medicine residency program sites concluded that the
observations “covered a broad range and included a repre-
sentative array of common problems” (Norcini et al. 1995).
Hatala and colleagues, also, showed that trainees had been
observed across a broad range of common problems and
diagnoses. They stated that these cases were representative
of the domain of internal medicine (Hatala et al. 2006).
Another study showed that the examinations covered a
broad range of problems in cardiology (Alves de Lima
et al. 2007).

Discrimination between different competency levels
(construct validity)
Some studies compared the performance of the learners
with varying preexisting levels of competency, such as resi-
dents in different years of training (Norcini et al. 1995;
Alves de Lima et al. 2007; Jackson and Wall 2010;
Fern�andez Galvez 2011; Liao et al. 2013; Weller et al. 2017),

while others tracked the change of ratings over the course
of time, e.g., in consecutive academic quarters, blocks, or
even months of training to see the progression of ratings
over the span of the study period (Kogan et al. 2003;
Norcini et al. 2003; Playford et al. 2013; Suhoyo et al. 2014;
Goel and Singh 2015; Olascoaga and Riquelme 2017; Yusuf
et al. 2018). Most studies illustrated a statistically significant
interaction between the level of training and mini-CEX
score and proved that with the increasing levels of compe-
tence, either as a result of greater length of training or pro-
gression over time, the scores of mini-CEX increased
significantly. This is true for both overall clinical compe-
tence score and mean calculated average score of the spe-
cific domains. A few studies however failed to show such a
relationship. Durning and colleagues, for example, stated
that mean scores on the seven consecutive mini-CEXs were
not significantly different (Durning et al. 2002). Some stud-
ies were conducted over a short span of time and hence
did not show significant improvement in performance
(Chang et al. 2013; Gupta et al. 2017).

On the other hand, some papers categorized trainees
into two or more groups based on their performance in a
criterion exam and then compared the mean scores of stu-
dents in these groups. In these cases, studies showed that
the ability of mini-CEX to discriminate is acceptable. Kogan
and colleagues showed that students with “Honors” scored
higher than those with “Pass” (Kogan et al. 2003). Hatala
and collogues showed that the mean overall clinical com-
petence score of students who successfully passed the
RCPSC (Royal College of Physicians and Surgeons of
Canada) Internal Medicine exam was significantly higher
than those who failed (Hatala et al. 2006).

Correlation among competencies (construct validity)
The correlation among the components of the competence
and the correlation among 6 competencies and the overall
competence were extensively reported in the retrieved
papers, showing high levels of correlation with statistical
significance in both cases. Figures range between 0.51
(Berendonk et al. 2018) and 0.97 (Fern�andez Galvez 2011)
for correlation coefficient among components and between
0.60 (Ergin et al. 2013) and 0.90 (Norcini et al. 1995) for
correlation among competencies and the over-
all competence.

Factor analysis (construct validity)
Four studies performed a factor analysis and concluded
that the results proved a single factor solution (Hill et al.
2009; Cook et al. 2010; Olascoaga and Riquelme 2017;
Berendonk et al. 2018). One study indicated that the com-
petency domains reflect a single pure latent variable,
accounting for 66.5% of score variance (Hill et al. 2009).
Another study looked at two data sets and noted that a
single-factor solution existed which explained 100% of the
variance (Cook et al. 2010). In another study, the single fac-
tor found in factor analysis accounted for 67% of the vari-
ance. All competency domains had a high loading, ranging
from 0.58 to 0.84 (Olascoaga and Riquelme 2017). A recent
study in Switzerland showed that one underlying factor
explained 56% of the variance in supervisor scores. Factor
loadings of the six domains on this single factor ranged
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from 0.58 to 0.84. A case sensitivity analysis was performed
by excluding all mini-CEXs with one or more missing val-
ues. This reduced the sample and naturally the loadings,
but still, there was a single factor solution (Berendonk
et al. 2018).

Correlation between mini-CEX scores and other exams
(criterion validity)
Assessment of the relationship between the mini-CEX
scores and the results of well-established examinations, the
result of which are often considered valid, has been
reported in several papers and revealed promising findings.
Durning et al. assessed the correlation between overall clin-
ical competence mean scores and corresponding ABIM’s
Monthly Evaluation Form sections and overall Postgraduate
Year two in-Training Examination percentile score. They
found significant correlations with values as high as 0.57
(Durning et al. 2002). Kogan et al. studied the correlation
of mini-CEX scores with exam scores, write-ups, inpatient
and outpatient course grades, as well as final course
grades. Correlations were significant in all cases and the
greatest “r” was for inpatient course grades (r¼ 0.47)
(Kogan et al. 2003). The RCPSC oral, bedside, and written
scores were also significantly correlated with overall clinical
competence score in another study (Hatala et al. 2006).
OSCE, traditional clinical examination, Family/Internal
Medicine Standardized Patient Exam, and Clinical Skills
Exam were also used for this purpose in other studies, all
finding significant correlations (Ney et al. 2009; Karanth
et al. 2015; Rogausch et al. 2015; Humphrey-Murto et al.
2018). Humphrey-Murto et al. in their study on 3rd-year
medical students concluded that the mini-CEX was not cor-
related with the written examination scores for any of the
clerkship disciplines (Humphrey-Murto et al. 2018).

Qualitative data
Some studies have used qualitative methodology in the
form of surveys and interviews to evaluate the perceptions
and experiences of stakeholders. Hill and Kendall con-
ducted semi-structured individual interviews and four
group interviews with staff and students. Participants per-
ceived the mini-CEX to be a more valid method than long
case. However, they had concerns about the possibility of
compensation between components (Hill and Kendall
2007). In a survey conducted by Weller, 55% of trainees
and 58% of specialists believed the mini-CEX is a good
measure of performance (Weller, Jones, et al. 2009). In a
recent study by Khalil, however, 50% of residents and
assessors were unsure whether mini-CEX was a valid
method of assessment (Khalil et al. 2017).

Acceptability

Acceptability of the mini-CEX was assessed in 36 articles,
mostly by assessing satisfaction of trainees and supervisors
(Table 4).

Satisfaction via questionnaire
Most studies used an item at the end of the mini-CEX form
to be rated by assessor and trainee immediately after the

encounter while a few studies administered a separate
questionnaire after the study period. In three studies, a 10-
point scale was used (Weller, Jones, et al. 2009; Jackson
and Wall 2010; Abadie et al. 2015), in three other studies a
5-point scale was administered (Singh and Sharma 2010;
Weston and Smith 2014; Joshi et al. 2017), and in the rest
of studies satisfaction was rated on a 9-point scale. Almost
all studies also provided a comment box to collect open-
ended responses. Except for two studies which reported
medians (Weston and Smith 2014; Gupta et al. 2017), and
one which illustrated the frequency distribution of the
responses to each score (Brazil et al. 2012), all other studies
reported the mean trainee and/or faculty satisfaction.
Among 23 studies which reported faculty satisfaction,
mean score ranged from 6.0 (Holmboe et al. 2004) to 9.0
(Olascoaga and Riquelme 2017) on a 9-point scale. With
regard to trainees’ satisfaction, only one study (Jackson and
Wall 2010) found a mean resident satisfaction of 3.87 (on a
10-point Likert scale), which was largely different from all
other studies. Excluding this outlier result, mean trainees’
satisfaction ranged from 6.0 (Holmboe et al. 2004) to 8.8
(Alves de Lima et al. 2007) on a 9-point Likert scale. A
study on using the mini-CEX for IMGs showed that about
half of the examinees and almost all examiners were
“satisfied” or “very satisfied” with the mini-CEX as a learn-
ing tool and were positive about the exam (Nair et al.
2008). When asked if the mini-CEX was a useful part of
their training, foundation year 1 doctors in a study in the
UK answered with a median score of 2.5 in a 5-point scale
(Weston and Smith 2014). In one study, around 70 percent
of trainees believed that the min-CEX was “an unrealistic
reflection of their performance” (Jackson and Wall 2010). In
yet another study, faculty raised the concern that mini-CEX
may create bias as “it does not mimic real-life” (Gupta
et al. 2017).

Satisfaction in the qualitative data
In general, results of the qualitative studies showed that
mini-CEX was considered a very useful assessment instru-
ment and a useful teaching tool (Alves de Lima et al.
2010), and overall satisfaction was high among both train-
ees and assessors (Brazil et al. 2012). They believed that it
is a valuable assessment strategy and can be an adjunct to
in-training assessment (Alves de Lima et al. 2005; Brazil
et al. 2012; Gupta et al. 2017; Joshi et al. 2017), liked the
realism (Alves de Lima et al. 2010), felt quite comfortable
with it (Alves de Lima et al. 2005), believed they were
judged fairly (Eriksen et al. 2009; Hill et al. 2009), and pre-
ferred it over long case as a summative exam (Hill and
Kendall 2007). On the other hand, some studies have shed
light on the drawbacks of mini-CEX. In one study, only 26%
of trainees viewed the tool as a useful means of gaining
feedback (Jackson and Wall 2010). In another study, the
participant believed that there was a conflict between
assessment and educational role of the min-CEX (Malhotra
et al. 2008). Some also found mini-CEX to be anxiety pro-
voking (Malhotra et al. 2008; Khalil et al. 2017). In a differ-
ent study, though, only one quarter of the trainees
believed that mini-CEX induced anxiety in them. In a study
by Hill, some examiners found it hard to determine the
necessary standard (Hill et al. 2009). In a study in
Singapore, undergraduate medical trainees felt that their
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performance was compared unfairly against more senior
students, but examiners felt otherwise (Yanting et al. 2016).

Educational impact

The educational impact of the mini-CEX has been eval-
uated in 30 studies (Table 4).

Assessing change in the performance of trainees
We found that only three studies actually investigated how
the implementation of the mini-CEX could change the
learners’ clinical competence. One study used a modified
Objective Structured Long Examination Record (OSLER) to
assess internal medicine and neurology residents before
and after the mini-CEX. The OSLER results of the mini-CEX
group were significantly higher than baseline group in
internal medicine, while no significant difference was found
in neurology (Suhoyo et al. 2014). Another study used an
experimental design to compare the students’ competence
as measured by the traditional clinical examination in the
intervention and control groups. They found a statistically
significant difference in the traditional clinical examination
scores between the mini-CEX and control groups (52.93 vs.
47.72). Yet, this quite small difference might not be consid-
ered educationally significant. These investigators also com-
pared the students’ self-assessment scores before and after
the intervention. The self-assessment scores also changed
significantly (66.34 vs. 46.05) after implementation of the
mini-CEX (Karanth et al. 2015). Kim and colleagues eval-
uated the impact of implementation of a mini-CEX require-
ment across all 3rd-year clerkships on clinical skills of the
trainees by comparing the failure rate of students in an
end-of-3rd-year 8-station summative OSCE. They noticed
that the failure rate was significantly lower (three of 121
students [2%] vs. 14 of 114 students [12%], p< 0.0046)
after the intervention (Kim et al. 2016).

Exploring trainees’ and faculty’s opinions
When asked about the value of the mini-CEX and its
impact on learning, respondents were generally positive
about the educational consequences of the mini-CEX. In
one study, for example, participants found this tool as a
valuable educational tool which helped them identify their
strength and weaknesses (Hill and Kendall 2007). In a study
by Alves de Lima, trainees believed that the mini-CEX pro-
moted their deep learning approach and enhanced self-
regulated learning (Alves de Lima et al. 2005). Some learn-
ers were in favor of the mini-CEX because they felt that it
provided insight into their clinical competence and pre-
pared them for successful completion of national exam
(Malhotra et al. 2008). Faculty members also mentioned
some beneficial impacts of the mini-CEX including promot-
ing a more intensive interaction with residents (Alves de
Lima et al. 2010) and enhancing the collegial relationship
(Nair et al. 2008). When talking about the educational
impact of the mini-CEX, feedback was frequently men-
tioned. Some believed that use of the mini-CEX created a
strong culture of feedback (Nair et al. 2008) and others
pointed out that it facilitated direct observation (Kim et al.
2016) as well as timely and specific feedback (Brazil et al.
2012). In one study, however, participants maintained that

the mini-CEX tool tended not to motivate a change in
practice (Jackson and Wall 2010). In a recent study in India,
residents mentioned that the mini-CEX improved their clin-
ical skills (72.4%), uplifted the personal development
(62.0%), and imparted a better one to one student–teacher
interaction (62.0%). Surprisingly, even 61.5% of faculty
found that the mini-CEX was also useful for improved
learning for themselves (Gupta et al. 2017). Yusuf et al.
conducted a thematic analysis of the interviews and found
that the reasons for improvement in scores were feedback,
motivation, self-directed learning, and peer assisted learn-
ing (Yusuf et al. 2018)

The frequency and content of feedback
Eight studies tried to quantify the type and amount of
delivered feedback through either audio-taping the feed-
back session or analysis of the written feedback comments
on the returned assessment forms. Regarding the quantity
and quality of feedback, the findings of the studies yielded
conflicting results. Pernar showed that the use of the mini-
CEX resulted in a twice as many qualitative feedback com-
ments compared to the global assessment (Pernar et al.
2011). Many studies found that a kind of feedback had
been provided in the majority of mini-CEX encounters
(96% in Eriksen et al. 2009; 85.3% in Lin et al. 2012; 74.9%
in Liao et al. 2013; and 92.6% in Chang et al. 2017), but
the accuracy and usefulness of the feedback provided was
questioned by many studies. One study, for instance, found
that in 22.7% of cases the positive aspects of performance
were not identified and in 28.2% of cases no suggestion
for development was made; and still in 49.7% of cases no
plan of action had been developed (Fernando et al. 2008).
Action plan for improvement was mentioned to be present
in 11% of the mini-CEXs in one study (Holmboe et al.
2004) and in 39.2% of the sessions in another study (Lin
et al. 2012). A study by Chang et al. found that only 22.9%
of all mini-CEXs contained all three components of feed-
back, namely, positive feedback, suggestions for develop-
ment and agreed action plan (Chang et al. 2017). Liao and
colleagues reported that among the 863 forms, 74.9% pro-
vided proper feedback (Liao et al. 2013). The skills that
were the focus of feedback varied: in one study the
domain of clinical judgment received most attention, with
about half of the feedback items pertaining to this skill (Lin
et al. 2012), and in another study clinical skills and medical
knowledge were mainly (79.2 and 55.3%, respectively)
addressed in feedbacks, but attitudes/professionalism were
less frequently (22.7%) dealt with in feedbacks (Liao et al.
2013). A study in Switzerland looked for alignment of learn-
ing needs identified during the encounter with the learning
goals mutually agreed on by the trainee and the supervisor
at the end of the feedback session. They concluded that in
spite of the fact that the supervisor and the trainee often
identified similar learning needs, the majority of the mini-
CEXs did not lead to aligned learning goals if at all
(Montagne et al. 2014).

Cost and feasibility

Thirty-eight studies reported some data related to cost and
feasibility (Table 4).
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Cost
Only one of the papers, conducted in Australia, stated an
annual cost in dollars simply by transforming the total
annual faculty time expenditure into dollars. This study
showed that total time of all the mini-CEXs over the study
period was 36.51 hours in each of the 10 rotations in 1
year, representing an annual total of 365 hours, which
would cost $A 80,000 per year. This was the only study
that explicitly declared its primary aim as determining the
cost and feasibility of adding the mini-CEX to current
assessments (Brazil et al. 2012).

Time of the encounter
Half of the included studies (N¼ 29) reported either the
total encounter time or the observation and feedback
times separately. Some even reported separate data for dif-
ferent groups of assessors (e.g., residents vs. faculty). Time
was reported as mean in some studies and as median in
some others. Among 21 articles which reported mean
observation time, the values ranged from 12.30 (Joshi et al.
2017) to 46.5 (Olascoaga and Riquelme 2017). The average
time dedicated to feedback in the 19 articles which
reported the value as mean varied from 5.73 (Kogan et al.
2003) to 20.1 (Weller, Jones, et al. 2009). Six articles only
reported the total length of encounter, ranging from 17.7
(Norcini et al. 1997) to 31.50 (Norcini et al. 2003).

The completion rate
The proportion of completed mini-CEX forms to the pre-
planned required forms was obtained from 21 studies. The
completion rate was generally high in most studies, rang-
ing from 50.0% (Gupta et al. 2017) to 100% (Torre et al.
2007). Alves de Lima et al. in their large study on 17 cardi-
ology residency programs in Argentina noticed that only
14.81% of the participants were evaluated four times or
more during the 19-month study period. This number
(four) was planned a priori as the minimum requirement
(Alves de Lima et al. 2007). Fern�andez Galvez in his study
on pediatrics residents in Argentina was able to obtain 22
assessment forms per student instead of the pre-planned
four (Fern�andez Galvez 2011). In a 3-year study on under-
graduate medical students in Australia, during the longitu-
dinal integrated clerkship, many more mini-CEXs were
submitted than required. The excess rate ranged from 5%
to 180% (Playford et al. 2013). In a 2-year study on pediat-
ric residents in Argentina, investigators defined feasibility
as “the possibility of carrying out four assessments in at
least 70% of the participants” and that “observations would
be carried out in all the areas where the students rotate.”
Analysis of the forms showed that 79.5% of the participants
had at least 4 observations, made in all areas where stu-
dents rotate (Urman et al. 2011).

Incomplete data
Chang et al. mentioned that in paper-based mini-CEX data
gathering was incomplete for some dimensions. However,
when the computer-based format was applied no missing
data existed (Chang et al. 2013).

Perceptions and experiences of the stakeholders
In some studies, participants were asked if they expected
difficulty arranging the mini-CEX. In one study on IMGs, 10
out of 16 trainees and 15 from 18 examiners stated that
they never or only occasionally experienced difficulty (Nair
et al. 2008). In another study, less than 30% of the partici-
pants had difficulty arranging mini-CEX (Weller, Jolly, et al.
2009). In the latter study, conducted on anesthesiology res-
idents, less than 10% believed that the mini-CEX “slowed
down the operating list” (Weller, Jolly, et al. 2009). In
Yanting’s survey, participants believed that effective admin-
istration of mini-CEX was limited by “inter-tutor variability”
and “lack of time” (Yanting et al. 2016). When asked
through a questionnaire, some of the faculty members
reported that the mini-CEX was “time-consuming.” Both
residents and faculty members agreed that this form of
assessment was “easy to carry out and sample wider areas”
(Joshi et al. 2017). In qualitative evaluations, it was gener-
ally noted that students and teachers felt that the mini-CEX
was feasible in most clinical settings (Goel and Singh 2015).
In one study, however, faculty were skeptical of whether
the mini-CEX would be possible for a large group of stu-
dents (Gupta et al. 2017). Few participants considered the
mini-CEX as an administrative burden in busy clinical work-
places (Castanelli et al. 2016). A study by Hill and col-
leagues revealed accounts of quality control issues. These
included using other students or members of staff as
“patients,” encounters with multiple patients, and failure to
observe students (Hill et al. 2009).

Extra evidence

As we mentioned earlier, we also examined nine abstracts
for which the full text did not exist or was not available.
Three papers were on educational impact, four papers on
feasibility, four papers on acceptability, and only one dealt
with validity (in terms of content validity). Overall, the qual-
ity of the studies was not high, and the information
obtained did not add to the findings of the full-text
articles. For instance, the observation and feedback time
stated in these papers were within the range that the
already included studies reported.

Discussion

The aim of this study was to systematically identify and
synthesize the evidence relating to the utility of the mini-
CEX in undergraduate and postgraduate medical programs.
In order to investigate all aspects of utility, we used the
framework proposed by van der Vleuten consisting of val-
idity, reliability, educational impact, acceptability, and the
cost of the assessment tool.

Main findings

What is the reliability of the mini-CEX in the
assessment of undergraduate and postgraduate
medical trainees?

The findings of this review revealed different values for reli-
ability coefficient. Cronbach’s alpha has consistently been
reported to be high and meta-analysis of the pooled data
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corroborated this finding. It is worth noting that the num-
ber of encounters in the included studies fluctuated across
the studies and the estimated reliability or generalizability
coefficients should, therefore, be considered in light of this
moderator. In addition, whether the overall mini-CEX score
or the composite score (the average of domain scores) was
used for calculation also impacts the interpretation of the
findings. Furthermore, most studies which conducted G
analysis failed to describe the precise design for the ana-
lysis. Whether assessors are nested or crossed with stu-
dents affects the generalizability coefficient. Hypothetically,
several possibilities can be imagined: a number of observ-
ers rating one single physician-patient encounter, several
physician patient encounters each rated by one single
observer, and any combination thereof. In reality, however,
each encounter is often observed by one evaluator.

We found out that the contributions of facets other
than the trainees’ competency (such as assessor stringency,
trainee ability, and assessor trainee-related subjectivity) in
score variance were concerning. The number of encounters
required to achieve a reliability coefficient of 0.7 varied in
different studies, with numbers as small as five in one
study and 60 in another investigation. While the commonly
looked-for G coefficient may require a relatively high num-
ber of observations, Norcini argues that “CI provides add-
itional information that permits test length to be tailored
to specific situations” (Norcini et al. 1995). In other words,
even smaller number of encounters will result in SEMs and
CIs of enough precision for most assessment purposes. In a
9-point Likert scale it is wise to accept a CI of ±0.5 or a
SEM of ±0.26. Considering these benchmarks, a smaller
number of mini-CEXs (in the range of 4–10) could be con-
sidered precise yet feasible, even when it corresponds to a
G coefficient of less than 0.7. Moreover, in the interpret-
ation of SEM and G coefficient, the practical significance
matters. While a wider CI would be adequate for a trainee
who is far enough from the acceptable threshold, extra
encounters should be arranged for trainees who are within
borderline zones to achieve narrower SEMs and hence
more precise decisions.

What is the validity evidence for the mini-CEX in the
assessment of undergraduate and postgraduate
medical trainees?

Since the mini-CEX was successfully administered in various
settings and across a representative range of patient prob-
lems, it is reasonable to consider an acceptable content
validity for the tool. None of the studies, however, referred
to a pre-determined table of specifications and they all
failed to objectively compare the list of clinical problem
against the blueprint. Furthermore, the included studies
provided evidence to support the construct validity of
mini-CEX. Although not unanimously, the ability of the
mini-CEX to discriminate between various levels of compe-
tency was established in the majority of studies. Overall
and average domain scores were shown to increase, point-
ing to significant progress in performance as the trainees
move along the course of training. This holds true when
the scores of high-achievers are compared with those of
less-competent learners. Ansari et al. in a systematic review
of the studies on the validity of mini-CEX identified 11

papers and conducted meta-analysis on their data. One
group of studies in their review investigated the construct
validity of mini-CEX and showed that a change in the year
of residency training was manifested in the difference in
performance in the mini-CEX. They concluded that the
mini-CEX has evidence of construct validity when used
with residents across the years of a residency program.
Residents’ performance on the mini-CEX items across 1
year of residency training showed “small” to “medium”
effect size differences. They calculated a combined fixed-
effect and random-effects size for the overall clinical com-
petence item of “medium” magnitude [d¼ 0.50; 95% CI,
0.31–0.70] (Ansari et al. 2013).

Another group of studies still looking for construct valid-
ity evidence showed that the differences between perform-
ance level within a peer group led to a mean difference in
clinical performance on three items and a total mean score
of the mini-CEX. The effect size in these studies varied but
was generally high. The effect size differences between per-
formance levels within a peer group (superior/honors, mar-
ginal/high pass, poor/pass) ranged from d¼ 0.43 (95% CI,
0.23–0.63) in one study on the total mean score of the
mini-CEX up to d¼ 1.86 (95% CI, 0.31–3.40) on the physical
examination skills item (Ansari et al. 2013).

All four factor analytic studies which explored score
dimensionality revealed that a single latent dimension,
namely global clinical performance, accounts for the major-
ity, if not all of the score variance. This might be attributed
to rating biases such as halo effect, breach in the underly-
ing domain theory, or a technical flaw in the assessment
tool. Since this finding suggests that specific competency
domains contribute little to the score variance and may
not offer a valid discrimination among unique aspects of
clinical abilities, the domain scores should be inter-
preted cautiously.

Evidence for the criterion validity of the mini-CEX is sup-
ported by the moderate to high magnitude of correlations
between the mini-CEX scores and other clinical skill
achievements. In the review by Ansari et al. five studies
looked at the predictive/concurrent validity of the mini-CEX
by comparing the trainees’ mini-CEX ratings with some
other criterion measure. They found that the combined
random-effects size for the overall clinical competence item
was “medium” [d¼ 0.64; 95% CI, 0.48–0.77]. They con-
cluded that the mini-CEX shows evidence of criterion-
related validity when compared with other clinical skill
achievement (e.g., certifying oral and written examinations)
or performance (e.g., in-training evaluation reports,
inpatient or outpatient write-ups) measures. They found
“small” to “large” correlation coefficients with combined
effect sizes (Ansari et al. 2013).

Hawkins and colleagues conducted a literature review in
which they applied Kane’s framework to synthesize the evi-
dence. They found evidence for extrapolation component
of the validity argument by showing that mini-CEX out-
comes are related to the construct of interest, as measured
by other clinical skills assessment tools. They also argued
that the weakest component of the mini-CEX validity argu-
ment seems to be in the area of scoring. In terms of the
scoring component, three issues are of primary concern:
high inter-item correlations, rater selection and training,
and leniency (Hawkins et al. 2010).
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How acceptable is the mini-CEX to medical students
and faculty members in undergraduate and
postgraduate settings?

Acceptability is viewed as a core concern of any assess-
ment tool. Successful implementation requires that all
stakeholders get along with the process. Overall, except for
outlier results of one study, the findings of this review
revealed evidence in favor of high satisfaction rates among
students and assessors. In the qualitative studies focusing
on the acceptability of the mini-CEX comments were gen-
erally positive. However, a small number of participants
raised concerns regarding realism and fairness of this
assessment tool, as well as the amount of anxiety it pro-
voked. On the other hand, we found studies in which par-
ticipants liked the realism and considered the mini-CEX as
a fair method of assessment. Some also mentioned that a
conflict might exist between the assessment and the edu-
cational role of the encounter.

The high level of satisfaction with the mini-CEX is not
unexpected since it resembles the ordinary interaction
between a trainee and a supervisor in the clinical setting.
Furthermore, most studies have mentioned an orientation
program for familiarizing the trainees and faculty with the
purpose and process of evaluation, which might have posi-
tively affected the perception of the involved parties.
However, when interpreting this evidence, the tendency of
the respondents to answer questions in a way that will
please the investigators, known as response bias, should
be considered.

Factors affecting satisfaction such as trainees’ back-
ground, case difficulty, and the time of encounter have
been the subject of some studies but were beyond the
scope of this review. So is a comparison between accept-
ability of the mini-CEX and other assessment tools. While
patients are an integral part of workplace-based assess-
ments, all studies have relied on the trainees’ and evalua-
tors’ opinions, and none have sought the patients’
perspectives and addressed the question of how accept-
able the mini-CEX is to the patients.

What is the educational impact of the mini-CEX on the
undergraduate and postgraduate medical trainees?

The effect of the mini-CEX on students’ learning has been
demonstrated directly through observing the change in
trainees’ performance, or indirectly, through analysis of the
feedback provided, or assessing stakeholders’ perception of
the mini-CEX as an educational tool. The findings of the
three included studies that directly tackled the question of
educational value revealed that implementation of the
mini-CEX improved students’ scores and decreased failure
rates in other examinations such as OSCE, OSLER, or trad-
itional clinical examination.

Feedback is an integral part of the mini-CEX and so sev-
eral studies have sought for the evidence that ensures
delivery of effective feedback. These studies have analyzed
the frequency of feedback provision as well as the content
of the feedback. The findings, though, were not invariably
promising. Although feedback had been provided in the
majority of the mini-CEX encounters in several studies, its
quality and effectiveness were questionable. It was

frequently observed that suggestions for development and
agreed action plans were lacking in the feedback.

L€orwald and colleagues systematically reviewed 20 papers
on the educational impact of mini-CEX and noticed that the
majority of the articles had investigated effects of the mini-
CEX on learners’ reactions (Kirkpatrick level 1), showing mixed
results (L€orwald, Lahner, Nouns, et al. 2018). In our study, we
used the Van der Vleuten formula instead of the Kirkpatrick
model and hence did not classify the learners’ satisfaction as
educational impact and considered it instead as evidence of
acceptability. However, many studies asked either through
conducting surveys or gathering qualitative data the trainees’
and faculty’s opinion regarding the educational impact of this
assessment tool. We did include these data as evidence for
educational impact, but the findings were not suitable for
meta-analysis or qualitative synthesis. Therefore, we cannot
offer any solid conclusion based on these studies and simply
reported their findings. In L€orwald’s study, three studies
which had reported the effects of the mini-CEX on trainee
performance (Kirkpatrick level 2b) underwent meta-analysis. A
positive effect of the mini-CEX on trainee performance was
revealed (L€orwald, Lahner, Nouns, et al. 2018). L€orwald and
colleagues, like us, failed to find any evidence for change in
attitudes or perceptions (Kirkpatrick level 2b), behavior
(Kirkpatrick level 3), organizational practice (Kirkpatrick level
4a), or benefits to patients (Kirkpatrick level 4b). In a qualita-
tive synthesis of systematically reviewed papers, these investi-
gators analyzed the influencing factors on the educational
impact of the mini-CEX. They found out that time for the
mini-CEX, usability of the tools, supervisors’ knowledge about
how to use the mini-CEX, supervisors’ attitude to the mini-
CEX, trainees’ knowledge about the mini-CEX, trainees’ per-
ception of the mini-CEX, observation, feedback, and trainees’
appraisal of feedback can affect the educational impact of
the mini-CEX (L€orwald, Lahner, Greif, et al. 2018). This was
not among the objectives of our study and we did not deal
with this issue in our review.

The reason for these inconsistent findings may be the that
the outcome measures considered for the educational effect
of the min-CEX were general and often took the form of the
regular assessments at the end of a rotation or course. This
could have resulted in the invisibility of a large proportion of
the mini-CEX effect. Furthermore, the importance of the
proper implementation of the mini-CEX, which has been
emphasized in the literature (Durlak and DuPre 2008; Hauer
et al. 2011), might have affected these findings. We noted
that the evidence for this utility criteria is limited and is
mainly focused on stakeholders’ reactions and opinions, with
only few included studies (none of them postgraduate train-
ing) in adopting a method to directly measure the educa-
tional impact of the mini-CEX. This can be an area for further
study. While the current mini-CEX form provides a structured
format for performing direct observation, it does not facilitate
interactive feedback. A revised format may be required. This
might also be an area for further investigation.

What is the cost and feasibility of using the mini-CEX
in the assessment of undergraduate and postgraduate
medical trainees?

We found only one study within the medical education lit-
erature specifically addressing the issue of cost. Even this
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single paper reported a monetary equivalent for faculty
time dedicated to performing the mini-CEX. Other direct or
indirect costs were addressed. The cost was reported glo-
bally and not as per assessee. No attempts have been
made to evaluate the cost-effectiveness of this tool.

There were only a few papers explicitly reporting feasi-
bility as an outcome. Therefore, we generated some indica-
tors from what had been reported by authors. Time of the
encounter, the completion rate (proportion of completed
mini-CEX forms to the pre-planned required forms), and
the rate of incomplete data were adapted as surrogate
markers of feasibility. We also considered the survey ques-
tions and comments that directly asked about the practic-
ability of the mini-CEX as feasibility evidence. We suggest
that our feasibility framework can be applied for other
assessment tools such as DOPS.

Based on the findings of the included studies in this
review, there is ample evidence of the mini-CEX being feas-
ible, as it has been implemented and evaluated in different
settings. The encounter time in different studies varied, up
to one hour in some cases. However, most studies reported
durations similar to what the developers originally
intended, which was about 20min. The completion rates
(when provided) were reported with mixed results,
although generally above 50%. Qualitative studies and sur-
veys revealed that only a small percentage of the partici-
pants had difficulty arranging mini-CEX and that only a
minority of the stakeholders believed that the mini-CEX
interfered with the routine process of care.

The strengths and limitations of the review

The main strength of this study is that we identified and
recruited all evidence that evaluated the mini-CEX in terms
of any psychometric or educational aspects and then syn-
thesized the findings in a comprehensive model while
other reviews on this assessment tool focused only on one
particular feature.

Moreover, this systematic review benefits from a com-
prehensive and effective search syntax. In addition to con-
ducting the search in seven electronic databases, we
included gray literature and managed to contain non-
English papers. Pervious reviews suffered from methodo-
logical flaws due to incomplete search strategy.

Heterogeneity in the contexts, data gathering, and
data analysis of the included studies led to our inability
to conduct a meta-analysis (with the exception of
Cronbach’s alpha), which might affect the robustness of
the educational recommendations driven from the find-
ings of this study. The findings of this review should be
interpreted regarding limitations of the primary studies.
Some studies modified the original mini-CEX form in
terms of its rating scale and domains. Some studies used
overall scores, while others used domain scores for their
analysis. Several studies either did not explicitly attribute
the measured variables to one of the utility criteria or
reported the same measures as evidence for different cri-
teria. Hence, we have made an attempt to organize all
of the variables and measures in a meaningful and con-
sistent approach.

Implications for educators and researchers

From a practical standpoint, administrators and faculty
members who would like to observe and evaluate medical
trainees within workplace in a meaningful and credible
manner can opt for the mini-CEX as an assessment tool
with positive educational consequences. However, like
other assessment tools, the mini-CEX as a single measure
of competence suffers from some limitations and should
be used in conjunction with other instruments. It should
also be noted that none of the utility characteristics
reported in different studies are inherent attributes of this
assessment tool. Particular attention should be paid to
proper implementation of this tool and establishment of a
quality assurance system.

Having conducted a thorough analysis of the psycho-
metric properties of the mini-CEX, we identified several
gaps of knowledge in this field suggesting areas for further
research. While several studies have delved into the effect
of potential moderators on students’ scores, future investi-
gations should focus on the effect of these moderators on
the utility characteristics. This includes variables related to
the rater (e.g., their experience and background), the mini-
CEX form (e.g., competency domains and length of the
scale), and the implementation process (e.g., using digital
tool). The commonly reported issues with score inflation
and grade restriction, as well as measures to overcome
these problems are also worth studying. If the mini-CEX is
to be incorporated more extensively into the assessment
programs, its direct and indirect costs need further scrutiny.
Future research may also be directed at investigating the
effect of the mini-CEX on the changes in the behavior,
organization of practice, and benefits to patients.

To enhance our understanding of the results of primary
studies and to facilitate future reviews, rigorous reporting
is essential. We recommend development of a framework
above and beyond the usual reporting standards.

Conclusion

In summary, the mini-CEX is widely used as a formative
and summative assessment tool and appears to have rea-
sonable validity and reliability. The reported acceptability
and feasibility should be interpreted in the light of the
required number of encounters needed to achieve desired
reliability. By providing a framework for structured observa-
tion and feedback, the mini-CEX bears a favorable educa-
tional impact.
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