
Open Access 

Journal of Orthopaedics and Bone Research

ScholArena | www.scholarena.com Volume 4 | Issue 1

RESEARCH ARTICLE ISSN: 2643-9956

“MOTeL - Multiple Choice Questions Based Orthopaedic Teaching Learning”: A
Pilot Study on Formative Assessment Tool in Orthopaedics from Tertiary Care

Centre in North East India

Sharat Agarwal1, Arun Kumar Holsoore2, Manika Agarwal1 and Babaji Ghewade3

1North Eastern Indira Gandhi Regional Institute of Health & Medical sciences, Shillong

2Department of Pediatric Orthopaedics, Christian Medical College (CMC), Vellore, India
3Datta Meghe Institute of Medical Sciences (Deemed to be University), Wardha

*Corresponding Author: Sharat Agarwal, North Eastern Indira Gandhi Regional Institute of Health & Medical sciences,

Shillong, Tel.: +91- 9436336213, E-mail: drsharat88@yahoo.com

Citation: Sharat Agarwal (2023) “MOTeL - Multiple Choice Questions Based Orthopaedic Teaching Learning”: A Pilot

Study On Formative Assessment Tool in Orthopaedics from Tertiary Care Centre in North East India, J Orthop Bone Res 4:

105

Abstract

The aims and objectives of the study was to assess the perceptions of 50 medical undergraduate students of final year MBBS

enrolled  at  a  tertiary  teaching  medical  institution  in  India  about  the  use  of  multiple  choice  questions  as  the  assessment

method

for formative assessment in the near future after orthopaedic teaching classes as per orthopaedic curriculum . After obtain-

ing feedback from all the students, it was concluded that multiple choice questions can be used for formative assessment in

orthopaedic curriculum on a regular basis.

Aim: To analyses students’ perception toward FA in the form of multiple choice questions pertaining to the topic covered

in the orthopaedic lecture as per curriculum.

Objectives: To evaluate the ability to apply the knowledge imparted in previous lectures in Orthopaedics MCQ based forma-

tive assessment.

Keywords: formative assessment; MCQ; Blooms taxonomy; Millers pyramid; Orthopaedics; medical education; medical un-

dergraduates
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Introduction

Musculoskeletal disorders (MSDs) are a significant public health problem throughout the world. There is an increasing burden of

musculoskeletal diseases across the societies due to increasing population and life expectancy. It requires future doctors should be

well  trained  and  competent  in  this  field.  It  becomes  important  for  the  medical  institutions  to  strengthen  undergraduate  ortho-

paedic education to rectify the current deficiency in the services which will eventually translate into better patient care in the days

to come. Moreover, in India, the mortality due to polytrauma after road traffic injuries is high and there is a need to train medical

and paramedical personnel. Thus MCQ based assessment in Orthopaedic undergraduate medical education can help in circum-

venting the deficiency in training required in present day scenario for serving our increasing demand of qualified doctors in the so-

ciety in order to lessen the burden of fundamental orthopaedic care required. Moreover, medical school education has been report-

ed to be inadequate especially in musculoskeletal medicine due to ever increasing medical student and teacher ratio. Also, the con-

fidence, communication and cognitive aspects have been found to be inadequate amongst the undergraduates in orthopaedics as a

general perception of teachers across the world, so it is quite imperative to look for alternative methods of assessment to fulfil the

requirements as mentioned.

The aim of this study was to evaluate the impact on knowledge and skills through the feedback based on perception of the partici-

pants to the orthopaedic topics covered in classes through MCQ based formative assessment.

Formative testing which is often referred to as test-enhanced learning has been found to be the most effective way in improving

learning and retention of content across educational contexts [1–3] including medical education [4, 5]. It is unclear whether cur-

rent post- assessment feedback for multiple choice question (MCQ) tests improves transfer to finding solutions to novel problems.

Truly effective feedback should also act as ‘feed forward’ to enable students to extend and apply their knowledge to new problems

[6], i.e., to stimulate transfer of learning. To promote transfer, more extensive and purposeful feedback may be necessary. Transfer

occurs when conceptual knowledge structures are elaborated to facilitate a learner’s understanding of the underlying deep struc-

ture of a problem or the learning material [7, 8].

In order to ensure a strong knowledge base of Truama &Orthopaedics in medical students, it becomes for medical students who

go on to become GPs (General practitioners) have sufficient knowledge to manage patients in the primary setting and make appro-

priate referral for specialist input. The current medical curriculum lays lot of emphasis on continuous assessment of the students’

performance as compared to the traditional philosophy of summative assessment at  the end of the educational program. More-

over, It has been seen that all too often, learning is driven by assessment, serving as the dominant motivator.

Due to time frame given for any educational program students need to gain maximum meaningful knowledge in the short span of

time available. Formative assessment (FA) is an intrinsic part of the ongoing teaching-learning process. Wherever possible, there-

fore, assessment should have some formative component. The immediate feedback given in FA, informs learners of their present

state of learning and provides opportunity to modify learning during the learning process (Jain et al., 2012).[9] Also, it helps in de-

tection of learning difficulties which can be corrected by counselling or modifying learning methods and activities with all its add-

ed potential to give opportunity to the teachers to improve the weak areas in students learning. [10]

Medical education endeavours to impart holistic training and it encompasses five levels of Bloom’s classification at all stages of ed-

ucational  teaching-learning program. Due to  vastness  of  syllabus and non availability  of  any one proven method to impart  this

knowledge, there is a need to determine the most acceptable and practicable method to assist trainers while they engage with their

students for a topic of instruction.

Miller introduced a conceptual framework of different aspects of medical competence. [11] These are “knows” (factual knowledge)

“knows how” (analysis, application, and interpretation of knowledge), “shows how” (actual application and practical demonstra-



3 Journal of Orthopaedics and Bone Research

ScholArena | www.scholarena.com Volume 4 | Issue 1

tion in a simulated situation) and “does” (performs in real situations), which are arranged as various layers of a pyramid known as

the “Millers pyramid”.

Developmental progression for knowledge has been described in Blooms taxonomy (BT).[12] By designing an assessment apply-

ing BT, we can drive deeper learning. [13]

Considering these basic components in mind and the current need for strengthening the medical education in Orthopaedics and

trauma, a study on MOTeL i.e. Multiple Choice Questions based Orthopaedic Teaching Learning is conceptualized to evaluate the

outcome and make subsequent recommendations for the same.

A good educational activity must be supported by an equally purposeful high quality examination to complete the objectives of a

curriculum. Every teaching program depends highly upon the alignment of the assessment with the objectives of the curriculum.

In 1990, George Miller published an article entitled “The Assessment of Clinical Skills, Competence and Performance.” In the origi-

nal article, Miller stated that “no single assessment method can provide all the data required for judgment of anything so complex

as the delivery of professional services by a successful physician.” As with any assessment instrument, MCQ tests do have specific

limitations and disadvantages. Yet, if well- constructed and peer reviewed, MCQ tests can meet important educational standards.

Good quality MCQs can test more than the mere recall of knowledge. Benefits of automated marking and a potentially high relia-

bility at low costs make MCQs a viable option [12]. Although guidelines for developing adequate MCQ items are available, the con-

struction of good MCQ tests remains a challenge.

Materials and Methods

A prospective study was conducted after getting the ethical clearance from the Institute Ethical Committee (IEC) at North Eastern

Indira Gandhi Regional Institute of Health and Medical sciences (NEIGRIHMS), Shillong (No. NEIGR/IEC/M6/F5/2022) to as-

sess the impact of Multiple Choice Questions based Orthopaedic Teaching Learning “MOTeL” - based on the BT as a tool for FA

among 50 MBBS students of 7th semester MBBS attending Orthopaedics curriculum.

To create  a  friendly  environment,  students  were  informed that  the  participation was  voluntary in  nature  and were  assured that

their performance in the test will be confidential and would not matter or count in any way toward their course assessment. Stu-

dents were reassured that they were not expected to perform beyond their ability as per the extent to which the topic got covered

by the teacher in the lecture.

4 Lectures were taken in 4 separate classes  on the topics  in orthopaedics  as  per departmental  schedule.  Blueprint  of  MCQs was

formed. Format for MCQs was based on the single best response with 4 options. All MCQs were having single stem with four op-

tions including, one being correct answer and other three incorrect alternatives (distracter). MCQs were peer reviewed by the fel-

low faculty members to ensure the different domains are included and that the level  of  difficulty is  acceptable as per the ortho-

paedic curriculum. Checklist of the answer key was prepared. Candidate instructions were concise and clear to choose only one op-

tion. Students in the subsequent class were given 10 MCQs based on five specific learning objectives and evaluation of each of the

correct choices was done after the test. The scores obtained by the students were informed to them but it was made clear that these

scores would not be included for assessment. All levels of cognition domain were assessed in each orthopaedic topic with distribu-

tion of the MCQ’s as follows: 5 questions in level 1 (recall of facts), 2 question in level 2 (interpretation of facts), 1 question in level

3 (problem solving abilities), 1 question in level 4 (application), and 1 question in

level 5 (application and synthesis). Teacher discussed the correctness or mistakes after the
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evaluation of the test papers in the subsequent class. The concept of micro-teaching was

adopted while discussion was undertaken with regard to the correctness of the questions used in assessment, so that ultimate aim

of achieving proper understanding of the subject topic could have been ensured and thus trying to reduce the bias in relation to

the efficacy of MCQs in formative assessment.

A questionnaire  based  student  feedback  was  obtained  subsequently  on  the  entire  exercise.  The  total  questionnaire  feedback  re-

ceived were 164 after the end of 4 classes. All the students were given appropriate instructions and adequate time to fill in the per-

ception questionnaire which has 10 items statements as per format given. At the bottom of feedback form“ open ended comments

’’section was given so that everyone can freely express their opinion about the study.

Students were given the option whether to write or not to write their names and roll numbers. Feedback responses were then evalu-

ated based on their changed perception on each of the items after the MOTeL. Each of the 10 items will be recorded based on 3--

point Likert scale namely, agree, neutral, and disagree to access the impact of FA and using MCQ as its tool on various aspects of

learning.

Statistical Analysis

Data was presented as frequency percentage.

Questionaire
S.No Items agree neutral Disagree

1. Promotes my theoretical knowledge

2. Creating interest for self- directed learning

3. Motivation to listen to class effectively

4. Help in better understanding of the lecture being taken

5. Continuation of these tests in future classes

6. Help to score better in internal exams

7. Shows me gaps in my education

8. Gives me feedback on my performance level

9. Enhances my problem-solving and decision-making abilities

10. Suggestions (if any)

Moreover, demographic data on gender, age will also be taken into consideration during analysis of the results.

Results
Q-1 Q-2 Q-3 Q-4 Q-5 Q-6 Q-7 Q-8 Q-9

Agree (%) 94 94 85.7 95 77.8 71 95 97 87

Neutral (%) 6 6 12.7 5 22.2 29 5 3 13

Disagree (%) 0 0 1.6 0 0 0 0 0 0

Total 100 100 100 100 100 100 100 100 100

Table 1: Percentage response to Q1-9
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Response Percentage

MCQ test 17

Case-based discussion 5

Image-based discussion 5

Video assisted & animated learning 3

Blank 70

Total 100

Table 2: Suggestions by students
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94% students felt that it ‘Promotes theoretical knowledge’; 94% agreed on ‘Creating interest for self-directed learning’; 85.7% be-

lieved its ‘Motivational effect to listen to class effectively’;

95% showed that it ‘Helped in better understanding of the lecture being taken’; 71% agreed on its ‘Helping to score better in inter-

nal exam’; 95% agreed on that it ‘Showed gaps in their education’; 77.8% wanted ‘Continuation of these tests in future classes’; 97%

agreed on the fact that it ‘Gives feedback on performance level’ and 87% believed that it ‘Enhances problem- solving and decision--

making abilities’. Student’s also suggested inclusion of case based, image based and video assisted and animated learning and as-

sessment strategies alongside MCQ’s.

This study has shown a strong positive perception towards MCQs to be considered for formative assessment by maximum stu-

dents. Moreover, an instant assessment of the topic with timely feedback helps in further enhancing student’s participation and in-

terest in the class.

Assessment task should ensure transparency, relevance, fairness with meaningful and timely feedback as far as possible. Students

as important stakeholders should actively seek information and feedback to support their learning. Educators need to utilise the as-

sessment framework effectively in the development of assessment tasks in order to encourage learning and keep students engaged.

MCQ’s is a good method for addressing these issues.

Discussion

Bloom’s taxonomy is frequently used to describe educational objectives [14, 15] based on a hierarchy of thinking skills (remember,

understand, apply, analyze, evaluate, create) that has become a framework for writing questions for assessment in education. Facul-

ty may attempt to write questions to target a specific level of the taxonomy [16], but writing questions that target higher levels of
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the taxonomy can be challenging [17-19]. For example, faculty in one study approached MCQ writing at lower and higher-order

thinking levels with the intention of testing clinical reasoning skills and information recall, but rewriting was necessary to a chieve

a balance between question difficulty and Assessing lower or higher order educational objectives. [20]

Multiple choice questions are most familiar as the widely applicable and valuable type of objective test. MCQ can be presented in

various format. Commonly used formats are ‘one correct answer’, ‘single or one best answer (SBA/OBA)’, ‘true or false’ and ‘multi-

ple true or false’, ‘matching’ and the ‘extended matching questions or items (EMQ/ EMI)’ and ‘case or problem’, ‘reason-assertion’

or ‘relationship analysis’ format. Buck Walters’ Taxonomy describes learning at three levels. According to this Level I is Recall of

information, Level II is Comprehension and application and Level III is Problem solving ability which involves analysis, evaluation

and creation. MCQ based test has the potential  to test all  the competencies if  executed well.  Myth which is wrongly propagated

with regard to the ability of the MCQ to test  higher order thinking can be dispensed with by a more correct declaration, which

would be that MCQs measuring higher ordered thinking are rarely constructed. Importantly, they can be managed in a relatively

short period of time and marked by a machine which makes the examination standardized (Epstein, 2007). [21]

To establish usefulness of a particular assessment format, the following five criteria should be considered which are reliability, va-

lidity, influence on future thinking and practice, suitability to learners and teachers and expenses (to the individual student and in-

stitution) (Vleuten, 1996).[22]

Multiple-choice questions in the assessment of Well-formulated MCQs assess cognitive, affective and psychomotoric domains and

are preferred over other methods because they ensure objective assessment, minimal effect of the examiner’s bias, comparability

and cover a wide range of subjects [23]. Context rich MCQs encourage complex cognitive clinical thinking, while context poor or

context free questions mainly test declarative knowledge (facts, “what” information), which involves pure recall of isolated pieces

of information such as definitions or terminologies. In contrast, procedural knowledge (“why” and “how” information) requires

different skills: Students are encouraged to understand concepts and to gather information from various disciplines in order to ap-

ply their knowledge in a clinically-oriented context. Remarkably, prior clinical experience has been suggested to be a strong factor

influencing students’ performance in procedural knowledge tasks. [24, 25]

In undergraduate medical education, a well-constructed MCQ can easily assess a student’s ability to apply, evaluate and judge med-

ical education knowledge (Vanderbilt, Feldman, & Wood, 2013). [26] Nevertheless, writing MCQs capable of assessing higher or-

dered thinking are challenging (Bridge, Musial, Frank, Thomas, & Sawilowsky, 2003) [27] but can be developed by following cer-

tain guidelines, especially ensuring that item writers are competent in their fields (Haladyna, & Downing, 2006)[28]. Scully (2017)

[29] invalidated the perception that MCQs can only assess lower ordered thinking.

Fundamental musculoskeletal knowledge is essential to clinical practice. Primary care physicians have been found to be deficient

in orthopedic knowledge and skills. [30, 31] Orthopaedic surgeons currently provide only 6% of musculoskeletal care in many de-

veloped countries.[32] Good knowledge of the basics in musculoskeletal disorders is therefore essential for all medical school grad-

uates. Hence, there is urgent need to seriously look into the component of assessment that too formative during the curriculum

phase, especially in Orthopaedics.

The purpose of assessment is not simply to assess a student on preset criteria and make a decision but also to facilitate his learning

through a continuous process of feedback and at the same time provide him/her the opportunity to improve which requires a shift

of focus from summative assessment to continuous formative assessment.[33]

Formative assessment occurs when educators feed information back to student in a “low stakes” manner that enables the student

to learn better and engage in a self-reflective process regarding the feedback. [34, 35] Its purpose is to provide both feedback on

performance  and  suggestions  for  improvement.  [36,  37]  Such  an  assessment  can  be  provided  using  a  wide  range  of  methods.

Miller aptly mentioned that “changing curricula or instructional methods without changing examinations will achieve nothing!”
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&“Changing the examination system without changing the curriculum had a huge impact upon the nature of learning”.

The advantages of multiple-choice tests to be found in the literature (eg Epstein et al, 2002; Higgins & Tatham, 2003; Kuechler &

Simkin, 2003) [38, 39, 40] include that they can test knowledge quickly within large groups, provide quick feedback and analysed

with regard to difficulty and discrimination. For a distracter (wrong option) to be useful, it should represent a common misconcep-

tion among students about the correct answer. Writing plausible distracters is time consuming and the most difficult part of pre-

paring MCQs.

A well structured polar question can acknowledge higher order diagnostic logical thinking and knowledge, evaluating the exami-

nee's ability to apprehend, judge, and act based on medical information. The consideration behind the formative assessment is be-

cause the personal feedback from the tutors or facilitators to the students is as good as assessment and effective feedback can be a

tremendous help in building life-long learning. [41, 42]

Well-constructed MCQs form an important tool to reinforce difficult concepts since it involves analysis of each of the choices and

step-wise elimination of unacceptable possibilities.[43]. Therefore, when MCQs are discussed during or after a lecture as part of in-

struction, the students get a chance to not only revise what has been taught but also to process the information in the given context

which may have a better recall in furure.

Singh et al. have reported that FA has a potential to promote deeper learning by using it for day to day observation of the student

[44, 45]. Belghi et al. proposed MCQs for use in assessment of different levels in the intellectual process. For knowledge, concepts,

application of knowledge (“knows” and “knows how” of Millers conceptual pyramid for clinical competence) context-based multi-

ple choice questions (MCQs) are appropriate [40]

The MCQ assessment was easy to administer and was not time consuming either for the organiser or the participants. It is well

established that  use  of  MCQs is  a  good and reliable  method of  testing  that  correlates  well  with  overall  competence  and perfor-

mance  [46].  One study found MCQ as  a  more  objective  assesment  which correlated more  to  OSPE (short  essay  tests)  [47].  Al-

though primarily employed for assessment, the direct role of MCQ-assisted teaching learning (MATeL) may be explored among

teachers and students as an aid to learning [48]

In a study done by Singh A at Bareilly [49], MCQs came out as best assessment tool so it is a good sign of improvement in various

competencies and various other studies also concluded that multiple-choice questions (MCQs) test the attitudes, skills, knowledge,

and competency in medical school. Rai etal [50] used MCQ as formative assessment tool with vertical integration involving osteol-

ogy and anatomy and found it useful.

No studies are available with regard to the MCQ usage in orthopaedic teaching learning as a regular practice. Our study does show

this potential for future assessment methodology in orthopaedics in India and rest of the world. Our study has clearly helped in

highlighting the usefulness of incorporating MCQs for formative assessment, to fulfil the concept of competency based medical ed-

ucation, while considering all the domains of learning as per Bloom’s taxonomy (95 % students). It has shown a strong positive per-

ception towards MCQs to be considered for formative assessment on a regular basis by maximum students (87% students). More-

over, an instant assessment of the topic with timely feedback helps in further enhancing student’s participation and interest in the

class and which forms the main ethos of any educational activity (97% students).

Conclusion

Availability of an objective assessment tool for orthopaedic skills will systemize the delivery and evaluation of these skills in our

setting. Further the experience gained through this study will be used to develop objective assessment tools to evaluate the skills in

other medical disciplines. MCQs designed as an assessment tool in the present study served three purposes: i.e. ‘Set induction’ to
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the lecture; Keeping the students alert by orienting them to the topic as a whole and 'Summary with learning feedback' at the end

of the lecture. Positive feedback given by the students regarding the entire set of lectures was highly encouraging and such feed-

back creates interest among teachers to improve and also towards more interactive and effective teaching- learning sessions. This

will ensure in covering the orthopaedic curriculum holistically starting from induction to teaching, assessment and feedback. Pre-

test and Post-test MCQs can be used as one of the means of evaluating the effectiveness of lecture. Feedback from students can not

only evaluate the lecture effectiveness, but also bridge the gap by teacher- student interaction and help the teacher to improve. A

well-structured MCQ has the capacity to assess higher ordered thinking and because of many other advantages that this format of-

fers. Multiple choice questions should be considered as a preferable choice in undergraduate medical education as literature shows

that different levels of Bloom's taxonomy can be assessed by this assessment format and its use for assessing only lower ordered

thinking i.e.  recall  of  knowledge,  is  not  very  convincing.  Through this  work,  we  hope to  better  understand the  relationship  be-

tween frameworks for learning and their practical applicability to assessment of said learning. Faculties should be encouraged to in-

vest in training in constructing good MCQs. Constructing good MCQs, emphasis should be given that, the stem is meaningful and

present a definite problem, it contains only relevant material and avoid negativity. It should be ensuring that, all options present as

plausible,  clear  and  concise,  mutually  exclusive,  logical  in  order,  free  from  clues  and  avoid  ‘all  of  the  above’  and  ‘none  of  the

above’. Efforts must be made to prepare and use of test blueprint as a guide to construct good MCQs. In order to construct high

quality MCQs, institutions must emphasize on faculty development programs in this regard.

Thus by all the positive feedback from the students we concluded that MCQs can be used for formative assessment in the near fu-

ture and further its scope can be extended to be used for summative assessment too. The teaching faculty gain experience in fram-

ing MCQs at various levels of cognition using BT. Further, these tests might have increased the responsibility of a teacher in taking

the lecture more effectively.  However,  there were disadvantages such as time constraint for constructing good test questions for

each class. It is the key to develop assessment tasks that fulfil the framework for good assessment. This includes both individual as-

sessments and systems assessment. “We cannot define the attributes of a good question paper unless we define for whom it is go-

ing to be administered, and how it is going about testing what it intends to test (anonymous quote)” and also as aptly put by Moor-

thy- “Without objective, valid, and reliable assessment training programmes cannot ensure the learning of skill, tackle deficiencies

in training, and implement remedial measures”. [51]

Limitation of Our Study

We could not expand the scope of our research to all topics of orthopaedics. It requires a lot of time to write good questions and re-

quires even more time to write good distracters. While the Likert scale can reflect the level of effectiveness of each component of

the programme, it may not be able to establish cause and effect, as it would not be able to reflect the actual factors that contributed

to the success of the different components of the programme. Our study does not calculate discrimination and difficulty indices as

is generally recommended for MCQs. Our Study is a very small scale exploratory effort that is trying to identify the standard/fault-

s/possibilities of improvements at undergraduate level. In this study the skills were not tested on live patients which when supple-

mented with MCQ’s can ensure predictable performance in real life situations. A single rater assessed all  the subjects,  hence in-

ter-rater reliability could not be assessed.
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