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Full Text
Medical education is in need of a drastic change in its system not only at the earliest stage of selection of potential doctors, but
also thereafter in progressing them through various subjects and even later when they strive to pursue their specialty or superspecialty training. At all stages right from schooling to college and then to professional education, the Indian system relies heavily
on rote-based learning, requiring extensive mugging up of a bucket load of facts, waiting to be vomited out on the day of the
examination without the need for understanding the facts at all. The one who does this best wins this race for selection and also
to become a person who is supposed to have skills of judgment for treatment of the human race and save them from disease and
infirmity and even take crucial spot decisions to save them from their illness and possible death!
It is a pity that the number of legs a centipede has or the type of reproductive system in a spider and many such irrelevant facts
easily retrievable from the use of technology such as “Google,” are supposed to be learnt by heart by budding medical stream
students to gain entry into a medical college as this is what is asked in the rote-based entrance examinations! What is most
interesting to note here is that none of this knowledge would ever be needed by the student in his entire medical career. So, be it
for entrance or for passing from one professional semester to the next during the MBBS course, rote-based multiple choice
questions (MCQs) is what makes our question banks and are used for evaluation. Even for the postgraduate entrance
examination, similar rote-based questions are asked in limited time such as MCQ examination which have reduced and forced
our doctors to rote learners based on the previous years' papers and the rote-based question banks taught to them in the
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coaching classes.
Rote learning is the memorization of information based on repetition or recall of facts. In school education, the two biggest
examples of rote learning are the alphabet and numbers, followed by multiplication tables and spelling words. At the high school
level, the elements and their chemical numbers are usually memorized by rote. Is rote learning an outdated technique or is there
a valid place for its use in the classroom today? Associative learning, metacognition, and critical thinking are increasingly being
used as a functional foundation to higher levels of learning in place of rote-based learning. Rote memorization is a learning
process that involves repeating information until it is remembered verbatim. Actors and singers often use rote memorization when
they have to learn the lines of a play or a song. Students start using rote memorization from early in school, preparing for spelling
tests or memorizing definitions of terms, names of presidents, verb forms in a foreign language, and multiplication tables, among
other things. Rote memorization is different from meaningful learning, where the material is applied to other ideas and
connections are made between concepts. Acronyms and chain mnemonics are routinely used by students toward rote learning.
In education, cramming (also known as mugging or swotting, from swot, akin to “sweat,” meaning “to study with determination”) is
the practice of working intensively to absorb large volumes of informational material in short amounts of time. H.E. Gorst stated in
his book, “The curse of education,” “as long as education is synonymous with cramming on an organized plan, it will continue to
produce mediocrity.”[1] But, why is it that we need to differentiate the two forms of learning? This may be easier to understand
when we understand the difference between memorization and intelligence.

The mental ability to memorize is often used as an indicator of intelligence. No doubt, the two are strongly linked, but memory is
not always a reliable indicator of intelligence. Working memory does not directly affect the level of intelligence of a student. Most
of the time, a deficit in working memory is due to the structure of learning. We can compare working memory to a filing cabinet
where each piece of information has a separate file and, therefore, finding the information becomes difficult. Factors such as
stress, lack of sleep, and distractions make it even harder in finding the information. Effective memorization would involve
categorization of the information and sections within sections of the filing cabinet, thus making it easier to retrieve the information.
On the other hand, general intelligence has been variously referred to as “g” and is described as being composed of verbal
comprehension, perceptual organization, working memory, and processing speed.[2],[3] As is clear, working memory is only a
small component of intelligence, and this fact needs to be well-known to teachers and others who are making and executing
selection processes.

Let us have a look at a sample question for biology for All India Pre Medical Test preparation series. It reads, “The echinoderms
that lack distinct arms are the: (a) Sea Urchins (b) Asteroidea (c) Brittle stars (d) Sea stars.” Another one from physics reads,
“Which of the following is not a basic conservation law in physics: (a) Conservation of mass (b) conservation of energy (c)
conservation of momentum (d) conservation of charge.” Finally, a question from chemistry reads, “Set representing the correct
order of second ionization potential is (a) Ba > K = Ca (b) K > Ba > Ca (c) K > Ca > Ba (d) Ca > Ba > K.” Let us now compare
these with questions from the national examination conducted by the United Kingdom, the UK Common Admission Test (UKCAT)
for entry to medical schools in the UK. This unique examination tests verbal reasoning (VR), quantitative reasoning, abstract
reasoning, decision analysis, and situational judgment, and nothing is asked from physics, chemistry, botany, or zoology or from
any medical subjects to be taught in the medical school itself. A series of questions follow a paragraph stating details of content
which needs to be analyzed and interpreted meaningfully, based on each of the five sections. Let me cite an example which has
a relatively short paragraph, from the section on Situational Judgment. It reads, “A medical student, Cameron, is told by a patient
that a senior doctor frequently swears loudly on the ward which makes him so uncomfortable that he does not want to stay in the
hospital. Cameron consults a nurse on the ward, and she tells him that she has not ever witnessed this behavior by the senior
doctor. The nurse reminds Cameron that the patient might just dislike being in hospital. Cameron is unsure what to do because
the senior doctor is marking one of his assessments. How important to take into account are the following considerations for
Cameron when deciding how to respond to the situation? The senior doctor is marking one of his assessments: (a) Very
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important (b) important (c) of minor importance (d) not important at all.”
The UKCAT test neither contains any curriculum or science content nor can it be revised for.[4] As is obvious from the above
example, it focuses on exploring the cognitive powers of the candidates and other attributes considered to be valuable for health
care professionals. The 2015 format of the test includes a 120 min of test comprising 44 items on VR in 22 min, 36 items of
quantitative reasoning in 25 min, 55 items of abstract reasoning in 14 min, 28 items of decision analysis in 32 min, and finally, 68
items of situational judgment in 27 min. A pretty tall order in terms of time per item considering the complicated details in the
paragraphs and the analysis is required!
Quite obviously, there is a completely different set of skills required and the aptitude tested for, in the two types of examinations in
India and the UK. Whereas there is a predominantly rote knowledge being tested in the former with plethora of facts, details, and
numbers requiring memorization without understanding, the test in the UK is based on an evaluation of higher order cognitive
skills, assimilation skills, and reasoning. The inherent advantage of this evaluation stems from the ability to make a selection of
prospective doctors who are neither under pressure to perform nor under any undue strain to complete any set curriculum. It
seems reasonable not to evaluate the knowledge of the Grade XI and XII level physics, chemistry, and biology as these are
already evaluated by achieving the minimum standards. However, these minimum standards are A and A+ levels equivalent to
>85% or 90% in contrast to a measly 60% requirement in the Indian board examinations. Why minimum requirement for eligibility
to take the examinations is so low makes one ponder if excellence is what is being evaluated at all! Hence, the starting point of
eligibility for taking the UKCAT test is much higher regarding science scores required to appear for this examination. There is also
no point in evaluating subjects yet to be taught in the MBBS course as has become a practice in the Indian examinations which is
not only ridiculous, but also adds undue strain to the students. Whether there is a qualitative difference between the candidates
selected out of the two types of tests has not been evaluated in India, but the UKCAT definitely takes the stress of preparations
off the students and leaves their Class XI and XII studies much more enjoyable.
In the United States, revised Medical College Admission Test (MCAT) was introduced in 1991, which includes assessment in VR,
biological sciences (BS), physical sciences (PS), and the writing sample (WS). The three multiple-choice sections of the MCAT
(VR, BS, and PS) and the WS are designed to assess (1) mastery of basic concepts in biology, chemistry, and physics; (2) facility
with scientific problem solving and critical thinking; and (3) communication/writing skills.[5] The MCAT's strong emphasis remains
on problem-solving in novel situations, and the fact that half of the MCAT focuses on verbal skills (the rest half is based on pure
sciences) suggests that it might also predict well in more self-directed learning environments. A lot of work has been done to find
out the validity of these testing methods so as to identify the correct cohort of students who will keep excelling and succeeding in
the medical school rather than failing or dropping out or changing careers. Therefore, MCAT has been validated against
undergraduate Grade Point Average and the United States Medical Licensing Examination and found to be fairly accurate.[6]
These changes stem from papers which argued that while traditional intelligence tests have been validated almost entirely
against school performance, the evidence that they measure abilities which are essential to perform well in various life outcomes
is weak.[7] It was felt that physicians must be more than holders of vast amount of scientific information. Physicians should be
able to apply the principles of scientific problem solving to evaluate situations critically and to arrive at logical solutions. Mastery
of basic concepts in biology, chemistry, and physics while still considered prerequisite was not judged to be a sufficient indicator
of success in medical school.[8]
In Australia and New Zealand, selection of students into medical study directly from high school typically uses a combination of
academic performance at school, performance on a standardized test (the Undergraduate Medicine and Health Sciences
Admission Test [UMAT]) and an interview. In 2009, 14 Universities in Australia and New Zealand used the UMAT as part of their
selection processes. Devised by the Australian Council for Educational Research, the UMAT comprises three parts: Section 1
(logical reasoning and problem solving), Section 2 (understanding people), and Section 3 (non-VR).[9] In Section 1, students are
required to exercise reasoning and problem-solving skills. Section 2 assesses a student's ability to understand and think about
people. Items are based on passages of text representing specific interpersonal situations. Section 3 consists of abstract items
that are designed to evaluate a student's ability to exercise non-VR skills.[10] Predictive validity of UMAT for medical student
academic performance is done periodically with a widespread desire to ensure that the test selects those students deemed more
likely to become better doctors.
Unfortunately, no validity tests have been performed to date in India, even after 67 years of independence and with nearly 400
medical colleges, several standalone institutions of excellence, and seven functioning All India institutes of Medical Sciences.
Data on whether our tests conducted at the end of the Class XII examination picked up candidates who went on to be successful
doctors practicing as successful practitioners or were successful later in their postgraduate careers, is not known. How many
dropped out during their MBBS? How many took several more years to complete it? How many changed their careers and are
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doing something else in life in which they are more contented, successful, and happy? All these people were possibly a result of
poor selection process, who spoilt the valuable seat of an interested candidate wanting to do medicine but could not as he/she
was just below the last cut-off. And, who accounts for the amount of money, resources, and effort that the country spent on
making a doctor in 5½ years, who never took it up as a career later in life?

Taking the cue from this, it is high time to have a look at the examinations that process our medical students from their first
semester to the ninth and thereafter when they undertake the postgraduate entrance examinations. Rote-based questions rule
the roost here too, whereas there is tremendous scope to introduce and use problem-based questions evaluating cognitive skills.
For example, in surgery which is my specialty, one of the questions used presently could read as: “All the following scores are
used for determining prognosis in Acute Pancreatitis except: (a) Ranson's score (b) Glasgow score (c) serial C-reactive protein
levels (d) APACHE II index.” This is a simple fact-based question that does not add much to the assessment of the candidate
from quality and understanding. A better problem-based question evaluating higher order cognitive domain could read as: “A
35-year-old nonalcoholic male presented to the emergency with 4 days history of upper abdominal pain radiating to the back,
vomiting, and abdominal distension. He was afebrile and his pulse was 120/min, blood pressure was 100/70 mmHg, and
abdominal examination revealed tenderness and vague upper abdominal lump. Total leucocyte count was 24,000 and serum
amylase was 2567 IU/ml. Contrast-enhanced computed tomography (CECT) of the abdomen revealed a bulky edematous
pancreas with 40% necrosis. The most appropriate statement regarding this patient is: (a) This is a case of acute interstitial
pancreatitis (b) infected pancreatic necrosis requires surgical debridement (c) acute necrotic collection needs to be evaluated
further (d) 96 h is too early for CECT to analyze the condition.” It is easy to see the difference between the two questions and the
ability to differentiate the candidates based on rote knowledge alone and those who understand the concepts and can apply
cognitive domain.
Likewise, questions can be generated for each discipline that can evaluate the candidate at a deeper plane to assess their higher
order thinking and analytical skills and not just eliciting factual knowledge. However, teachers have to spend far more time, effort,
energy, and intellect to construct such questions. Most of the examining universities, boards, and test centers seek high-quality
questions for their question banks from teachers and professors with a certain number of experiences in a particular specialty.
They may be well advised to seek not more than 15 questions in a 3 week time period per teacher, so as to give teachers ample
time to prepare and submit quality questions. The present practice of asking for a bulk of MCQs from each teacher who not
uncommonly passes it on further to their residents should be done away with. University and examination banks would have to be
standardized, completely modified, and replaced with thought provoking, higher order, analytical, and problem-based questions
and keeping factual questions to the bare minimum to make the examination more effective and efficient in screening the right
candidates for the job at each stage of their career. Unless this happens, we would continue to select wrong students to become
doctors and once selected, encourage rote-based memorization sponsored learning which would kill their reasoned thinking and
make them less efficient to face the professional requirements of this not so easy career.
A lot of research is going on presently in constructing and validating tools for knowledge and cognitive assessment of students.
Techniques for creating and validating an assessment test that measures the effectiveness of instruction by probing how well that
instruction causes students in a class to think like experts about specific areas of science have been described.[11] Three
statistical measures are common for collecting evidence of validity: Item difficulty, item discrimination, and reliability of the
instrument.[12] Item difficulty measures the percentage of students who answer a question correctly. Item discrimination
measures how well a question discriminates between students who have performed well versus students who have performed
poorly, on the assessment overall.[13] Reliability checks the uniformity of assessment when the same student takes the test at
different points of time. An article in the New England Journal of Medicine has analyzed the various domains which are required
for assessment of medical students.[14] These assessments have three main goals: To optimize the capabilities of all learners
and practitioners by providing motivation and direction for future learning, to protect the public by identifying incompetent
physicians, and to provide a basis for choosing applicants for advanced training.[6]
Assessment can be formative (guiding future learning, providing reassurance, promoting reflection, and shaping values) or
summative (making an overall judgment about competence, fitness to practice, or qualification for advancement to higher levels
of responsibility). Formative assessments provide benchmarks to orient the learner who is approaching a relatively unstructured
body of knowledge. They can reinforce students' intrinsic motivation to learn and inspire them to set higher standards for
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themselves.[15] Although summative assessments are intended to provide professional self-regulation and accountability, they
may also act as a barrier to further practice or training.[16] Psychometric rigor includes reliability (precision), validity (accuracy),
and social desirability (transparency). A distinction should be made between assessments that are suitable only for formative use
and those that have sufficient psychometric rigor for summative use. This distinction is, especially important in selecting a method
of evaluating competence for high-stakes assessments (i.e. licensing and certification examinations). Correspondingly,
summative assessments may not provide sufficient feedback to drive learning.[17]
Of all the types of written assessments, MCQs remain the most popular. MCQs provide a large number of examination items that
encompass many content areas, can be administered in a relatively short period, and can be graded by computer. These factors
make the administration of the examination to large numbers of trainees straightforward and standardized.[18] Formats that ask
the student to choose the best answer from a list of possible answers are most commonly used. However, newer formats may
better assess processes of diagnostic reasoning. Key-feature items focus on critical decisions, in particular, clinical cases.[19]
Script-concordance items present a situation (e.g., vaginal discharge in a patient), add a piece of information (dysuria), and ask
the examinee to assess the degree to which this new information increases or decreases the probability of a particular outcome
(acute salpingitis due to Chlamydia trachomatis).[20] MCQs that are rich in context are difficult to write, and those who write them
tend to avoid topics – such as ethical dilemmas or cultural ambiguities – that cannot be asked about easily.[21] MCQs may also
create situations in which an examinee can answer a question by recognizing the correct option, but could not have answered it
in the absence of options.[22] This effect, called cueing, is especially problematic when diagnostic reasoning is being assessed
because premature closure – arriving at a decision before the correct diagnosis has been considered – is a common reason for
diagnostic errors in clinical practice.[23]
Extended matching items (several questions, all with the same long list of possible answers), as well as open-ended shortanswer questions, can minimize cueing.[24] Structured essays also preclude cueing. Extended Matching Questions (EMQs) are
similar to MCQs but have the ability to evaluate a candidate's understanding in far more depth than simple MCQs. In addition,
they involve more complex cognitive processes and allow for more contextualized answers than do multiple-choice questions.
When clear grading guidelines are in place, structured essays can be psychometrically robust (reliable, valid, and sensitive).[4]
The Intercollegiate Membership examination of the Royal College of Surgeons of UK, MRCS, which selects candidates after their
MBBS for six years of higher surgical training is based on a Objective Structured Clinical Examination (OSCE) following an
MCQ/EMQ based assessment process.
There is thus a strong need to reinvent the way we assess our students so that we can objectively differentiate by higher order
cognitive domain and not just the theoretical and fact-rich rote-based evaluation. Medical teachers will have to take a lead in this
respect and show the way forward for medical entrance examinations as well as progressions of the medical trainees through
their subjects in the 5-year period and postgraduate entrance examinations, like our engineering colleagues have done for
admission to the Indian Institutes of Technology. Assessment for selection to make doctors should be able to assess the
attributes that we want in our doctors and not just rote-based knowledge and facts. Understanding and reasoning in clinical
sciences needs to be supported and encouraged to make our medical students better doctors and make their selection process
relevant to the careers that they are going to pursue in their lives!
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