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Abstract

Objectives: The competency assessment of tomorrow’s

doctors plays a vital role to offer insight into their clinical

abilities and overall achievement. This study explores diffi-

cult index, discrimination index, areas under ROC curve,

sensitivity and specificity of assessment components

employed in the pediatric examination in Universiti Sains

Malaysia (USM).

Methods: A retrospective record review of medical under-

graduates’ examination performance was done. The target

population were fourth-year medical students in 2012
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(n= 210) and 2013 (n= 177) academic year that sat for the

pediatric end posting examinations after completing a 6-

week rotation. Each of the examinations comprised of

MCQ and Long Case.

Results: The difficulty index of MCQ ranged from 0.67 to

0.79, which is considered as optimal level. The difficulty

index for Long Case ranged from 0.89 to 0.91, which is con-

sidered as less optimal level. The MCQ demonstrated

higher discrimination index (0.58–0.76) than the long case

(0.20–0.23), suggesting the MCQ was better able to discrim-

inate poor and good students than the long case.

Conclusion: MCQ has more evidence to support its dis-

criminant validity and optimal difficulty level than the long

case for both cohorts of medical students. The MCQ has

good psychometric credentials which may results of the

broad sampling of knowledge over short duration of time,

while the long case seems to have poor psychometric cre-

dentials which may results of the assessment subjectivity.

Keywords: Assessment; Difficulty index; Discrimination index;

Long case; Multiple choice question

� 2014 Taibah University. Production and hosting by Elsevier
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Introduction

Competency assessment is the backbone in the clinical educa-

tion of tomorrow’s doctors. The method assessment look likes
to shape students’ learning approaches and performances.1–4

Therefore, proper design of assessment formats will surely

drive ways of students approach to learning. Inappropriate de-
sign of assessment formats may lead to unwanted outcomes of
competencies and types of patient care.3 The best assessment

plays a vital role to offer insight in students’ clinical abilities
and overall achievement.1–3 Epstein et al. (2007) described
competence as ‘‘a habit of lifelong learning, contextual that

reflecting person ability to performing tasks and developmen-
tal in nature, where it is a result of a well planned practice and
reflection on own experience”. These characteristics add to the
realism of an assessment.

For the past few decades, many medical education pro-
grams and licensing authorities either at undergraduate level
or postgraduate level have allocated tremendous efforts to en-

sure the authenticity of assessments and competency of train-
ees.1,5 Every assessment format has its advantages and
disadvantages depending on the assessment design. The best

assessment method must meet five criteria which include reli-
ability, validity, acceptability, feasibility and educational im-
pacts on learning and practice.6 Miller classified assessment

methods into four categories which include knows (i.e. assess-
ing knowledge), knows how (i.e. assessing ability to apply
knowledge within its context), show how (i.e. assessing train-
ees’ performance in simulated environment) and does (i.e.

assessing trainees’ performance in actual environment).7 The
‘does’ component is considered as the most difficult area to
be examined authentically.7

Validity is commonly defined as the degree of a measure-
ment really gauges characteristics it is intended to assess.6–9

Sources of evidence to support validity can be gathered in
the forms of content, response process, internal structure, rela-
tions to other variables and consequences.8 Content validity

refers to the extent of intended learning outcomes covered by
an assessment through a proper content blueprint.6,7 Con-
versely, it is achieved when test items are adequately covering

expected learning outcomes of a course; this is known as con-
tent relevant.7 Validity-related to response process is achieved
when there are substantial relationships between the test item

components and the subjects’ thought process.8 Internal struc-
ture is related to the correlation between test items of an
assessment tool.8 Validity-related to relations to other vari-
ables is achieved when it correlates with other assessment tools

that measure similar characteristics.6–8 Validity-related to con-
sequences is signified when test items of an assessment predict
educational variables such as quality of patient care and doc-

tor–patient relationships.6–8 To improve the validity of an
assessment, Epstein (2007) recommended four actions which
include (1) clear expectation of an assessment, (2) clear learn-

ing outcomes to be measured, (3) familiar with the advantages
and disadvantages of an assessment too, and (4) continuous
evaluation and monitoring of assessment quality to avoid the

unwanted effects.
Considering these facts, this article explores the source of

validity evidence in assessment components employed by the
pediatric examination for the fourth year undergraduate med-

ical students in Universiti Sains Malaysia (USM) that include
difficult index, discrimination index, areas under ROC curve,
sensitivity and specificity. It is hoped that this will be able to

provide insight about quality of the assessment.

Materials and Methods

Study setting

A retrospective record review was done on medical undergrad-
uates’ examination performance in the Department of Pediat-
ric USM. Approval to conduct this study was obtained from

the Department and School of Medical Sciences, USM.
The target population comprised of fourth-year undergrad-

uate medical students in USM for the 2012 (n = 210) and 2013
(n= 177) academic year that undertaken the end of posting

exams (MCQ and Long Case) after completing a 6-week pedi-
atric rotation. Each end of posting exams comprised of MCQ
and Long Case as the assessment method for each group that

was attached to the pediatric department. During that period,
‘pediatric apprenticeship model’ (Taib, 201317) has been used
extensively since 2009 as part revitalized pediatric program.

This is a self directed learning model integrating clinical and
problem solving learning. Students are required to learn by fol-
lowing the senior doctors during the clinical attachment. The

learning and opportunistic discussion regarding specific pedi-
atric cases are discussed during the clinical rotation. The stu-
dents will have to plan and decide for their learning issues
by self inquiry clinical questions and proactively search the an-

swer through research and discussion. During that process,
students are required to complete a logbook, presentations
and case write up. Students are exposed to various clinical

encounters which would essentially help them to improve both
core knowledge to answer MCQ and clinical skills for the
Long Case.
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Assessment components and test formats of the pediatric
examination

Assessment methodology for the department consists of 3
important areas. Attitude is assessed by routine attendance

and report from clinical supervisor. Despite its subjective
nature of assessment, the decision for passing end of posting
must also be guided on satisfactory attendance and completion
of the logbook requirement.

The MCQ was organized at the end of the posting and it
consists of 30 questions which were selected randomly. These
are standardized and vetted questions are selected from past

years’ final professional exam questions. The pediatric coordi-
nator will randomly select the question based on the availabil-
ity of recent vetted bank questions and according to systems

and its suitability. Standardization of questions is achieved
with standard mixture of pass year and newly vetted questions.
The level of difficulty is tailored according to undergraduate

MCQ requirement and each group will sit for different set of
questions. This move is to avoid repetitive questions and
plagiarism to the next group of students.

Clinical Long Case usually was set up by individual exam-

iner in the final 2 weeks of pediatric rotation. Standardization
of cases was not made but common ‘bread and butter’ cases
were taken as index case for year 4 students. Cases allocated

usually are fresh and newly admitted patients into pediatrics
ward. The cases are also guided by what are required in
logbook and important clinical aspects for discussion. The

context of assessment in Long Case depends on the presenta-
tion skills, clinical skills and discussion aspect. Student will
also get examiner in a randomly fashion and the examiner
should not be their personal supervisor.

Statistical analysis

All analyses were performed by using SPSS version 20.

Difficulty index is defined as the percentage of those candi-
dates recording either a true or false response for a particular

branch in a multiple true–false response MCQ who gave the
correct response.10,11 The optimal range is 20–80%; a low in-
dex may mean that students are attempting the item but are

getting it wrong and a too high index may mean that regardless
of poor or good students are able to get it correct. In this
study, the difficulty index was determined by the percentage

of students who passed in the MCQ and Long Case
examinations.

Discrimination index is a measure, of how the ‘good’
students are doing versus the ‘poor’ students on a particular

question. Knowing this, we expect the value of the discrimina-
tion index to range between 1 (all ‘good’ students correct ver-
sus no ‘poor’ students correct by the former method or the

maximum value for a positive correlation by the latter method)
to �1.11,12 Discrimination index of 0.40 and up is considered
as very good items, 0.30–0.39 is reasonably good, 0.20–0.29

is marginal items (i.e. subject to improvement), and 0.19 or less
is poor items (i.e. to be rejected or improved by revision).11,12

The discrimination index was calculated by the SPPS 20.

The sensitivity, specificity, and area under receiver operat-
ing characteristics (ROC) curve of MCQ and Long Case were
performed by ROC analysis to signify their ability to predict
and discriminate poor and good performances. The sensitivity,

specificity and area under ROC curve values more than 0.70
were considered as having an acceptable predictive and dis-
criminative value, while more than 0.8 is considered as very

good level.13

Results

387 4th year medical students’ MCQ and Long Case marks
were obtained from the pediatric department; 210 4th year
medical students in 2012 cohort and 177 4th year medical stu-

dents in 2013. Permission was sought from the department
prior to data collection.

In general, for both cohorts, the difficulty index of MCQ

ranged from 0.67 to 0.79, which is considered as optimal level
of difficulty10,11 (Table 1). Conversely, the difficulty index for
Long Case ranged from 0.89 to 0.91, which is considered as

less optimal level of difficulty (i.e. might be too easy)10,11 (Ta-
ble 1). The MCQ in 2013 cohort demonstrated higher discrim-
ination index than the MCQ in 2012 cohort, suggesting the
2013 MCQ was better able to discriminate poor and good stu-

dents than the 2012 MCQ.11,12 In contrast, the Long Case has
marginal discrimination index, suggesting that they are not
really able to discriminate poor and good students.11,12

The ROC analysis (Table 2 and Fig. 1) showed that MCQ
consistently had very good level of discriminative ability as the
value more than 0.8.13 On top of that its sensitivity and spec-

ificity values were more than 80%, indicating good level of
ability to predict and discriminate passed and failed students.13

In other hand, Long Case demonstrated poor discriminative
ability as the ROC values were less than 0.7.13

Discussion

Our results showed that MCQ was at optimal level of difficulty
and able to discriminate performance of poor and good

Table 2: The area under ROC curve, sensitivity and specificity

values of MCQ and Long Case in order to predict pass–fail

outcomes in the end-posting pediatric examination for two

cohorts of 4th year medical students.

Student

cohort

Assessment

tool

ROC (CI 95%) Sensitivity

(%)

Specificity

(%)

2012 MCQ 0.88 (0.81, 0.96) 88.0 88.5

Long Case 0.67 (0.54, 0.80) 95.1 38.5

2013 MCQ 0.90 (0.86, 0.95) 83.6 97.3

Long Case 0.58 (0.47, 0.69) 92.1 24.3

Table 1: The difficulty index and discrimination index of MCQ

and Long Case in the end-posting pediatric examination of two

cohorts of 4th year medical students.

Student

cohort

Assessment

tool

Difficulty

index

Discrimination

index

2012 MCQ 0.79 0.56

Long Case 0.91 0.23

2013 MCQ 0.67 0.78

Long Case 0.89 0.20
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students. This finding may be due to the broad sampling of
knowledge content over short duration of time as compared
to the long case.6 Interestingly, it seems that 2013 MCQ was

superior to 2012 MCQ in terms of discriminative ability.
One possible reason is due to the coordinator of the examina-
tion has administered a new set of vetted MCQ to the 2013 co-

hort. The selection of questions in MCQ usually is done in
random arrangement to cover as much clinical learning. The
MCQ marking is negatively marked and the students are ad-

vised to answer only confirmed known correct answer.
Our results suggested that long case examination was easy

and unable to discriminate performance of poor and good stu-

dents. One of the possible reasons is due to the variability of
examiners’ rating judgment because of the assessment subjec-
tivity.14–16 Considering that year 4 students were exposed with
introductory phase of pediatrics, skills obtained during the

posting may vary depending on the clinical environment and
experience. Long cases for both cohort students (2012 and
2013) have low specificity. Performance of the students during

the long case depended on the case given during the end of
posting exam. Students may have obtained adequate clinical
skills during the apprenticeship in the clinical setting.17 The

case given may be well discussed before hand during seminars
or clinical presentation. The rater judgment may be much leni-
ent in view of introductory phase of pediatric learning. There

are other factors which may influence rater judgment. There
are potential humanistic values during the interaction and
communication between the students, the patents and the
examiner; the knowledge of the strength and weakness of the

student prior to exam of which supervisor and examiner may
have communicated before hands; the expectation and low
bench marking in view of consideration that year 4 is consid-

ered as introductory rather than advanced knowledge in pedi-
atrics; maturity of students during their dealing and history
taking; potential hiccups during the exam for example the child

starts crying and in order to divert the attention of anxious
candidate, the examiner discuss superficially about the patient.
These potential factors, despite having its draw back in differ-
entiating between good and bad students, give a balance scope

of assessment by recognizing altruistic values in assessment
where there is none in MCQ.

The potential sources of rating errors are examiners, rating
forms or scales, rating items or tasks, and rating objects or
subjects.18 Among them, examiner variability significantly con-

tributing to the rating errors.18 Examiners’ judgments on per-
formance of students are known to be susceptible to generosity
bias (i.e., tendency to give positive remarks) and frequently fail

to detect real discrepancy that compromises the validity of rat-
ing judgment.14–16 Several ways were recommended to address
issues related to validity of rating judgments. First, examiners

are trained to observe the competencies to be assessed thus
their expert judgments are standardized.14,18 Second, examin-
ers are made known to the rating formats, so that they get a

clear view on ways for effectively rating examinees’ perfor-
mance.14,18 Third, adopting triangulation of multiple assess-
ment for judging competencies might lessen the judgment
errors, thus may improve the validity of examiners’ judg-

ment.14,18 For example, decisions on examinees’ clinical com-
petencies are made based on multiple long cases and other
assessment tools such as short cases. Fourth, simplify the rat-

ing task might improve the validity of examiners’ judgment
due to reducing unnecessary cognitive load during rating pro-
cess.14,18 Fifth, proper assessment blueprinting might provide a

guide to calibrate examiners’ expectation thus it may lessen
judgment variability between examiners. In addition, maximiz-
ing inter-examiner reliability could reduce the judgment errors

caused by examiners.14,18

Several limitations need to be highlighted for interpreta-
tion and future research. First, the researcher conducted this
study on one educational setting, which limited generalizabil-

ity of the results. Therefore any effort to infer this finding to
other educational settings must be done within context.
Second, several variables that might influence the study out-

comes such as examiner characteristics, previous academic
performance of students and psychological health status of
students were not controlled during the analysis therefore

accuracy of the results might be questionable. Lastly, the
overall performance of end of posting as the reference
point to calculate discrimination index, difficulty index, area
under ROC, sensitivity and sensitivity might not be the

best standard, thus the accuracy of the results might be
compromised.

Figure 1: Comparison on sensitivity and specificity of MCQ and Long Case to predict pass–fail outcomes of the end-posting pediatric

examination of two student cohorts.
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Conclusion

Our study found that MCQ has more evidence to support its
validity to discriminate performance of poor and good stu-

dents. The long case seems to have less evidence to support
its validity to discriminate performance of poor and good stu-
dents, which may results of examiner variability. However, de-

spite these differences measures should be taken to improve the
validity of long cases which were discussed in this article.
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