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Abstract

Many university courses use multiple-choice tests for assessment because they are
objective and easy to administer and mark, especially for large classes. However, many
such tests tend to ask for the recall of isolated pieces of information. This article
proposes the use of extended matching sets type questions which can be formulated
towards problem solving rather than recall. Outline instructions for writing Extended
Matching Sets questions are given.

Introduction

In many, or even most, university science courses, multiple-choice tests (MCQs)
are used for assessing students, at least in the early years of the course. In such
tests, students pick one or more correct answers (options) from four or five
choices given following a statement or stem. These tests are objective and easy
to mark (using a marked-sense card reader and a computer) making them
attractive for large classes, and students are familiar and reasonably comfortable
with the format (Booth, 1984; Schuwirth & van der Vleuten, 2003). MCQs are
deceptively easy to write (it is actually quite hard to write ‘good’ ones), but once
written it is possible to have a bank of questions stored away and select from
them at random when the next exam is to be set: for the pitfalls of MCQ writing,
see Case & Swanson, 1994; 1998. The computer can also do statistics on the
class results and calculate “discrimination indices” and other parameters that
hopefully lead to improved question writing (Kehoe, 1995).

Doing it by elimination

In the possible answers to the questions set, there will be a number of incorrect
answers or “distractors” and many students operate, at least partly, not by
knowing the correct answer but by trying to eliminate the incorrect ones. Sites in
the Internet offer suggestions on how to proceed if you don’'t know the answer
(Runté, 1995). Furthermore, many MCQs ask for the remembering of isolated
pieces of information rather than testing the ability to use knowledge to solve
problems. Remembering isolated facts and/or eliminating responses that are
‘obviously’ incorrect may be regarded as an unsatisfactory way of developing
mastery of a subject. It would be preferable if students were required to apply
knowledge rather than simply remember ‘facts’ and it would be good if we could
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set MCQs in a way that prevented students getting the correct answers by
elimination.

Can MCQs be used to test the application of knowledge, therefore? A simple
example would be a problem that requires a calculation that generates a
numerical answer. Students could then be given a choice of five values and be
asked to identify the correct one. But this does not offer much of a choice and it
is usually quite easy to spot (and eliminate) distractors which are well outside the
likely answer. However, if we extend this concept further and do not limit
ourselves to five possible responses, we can start to develop the Extended
Matching Set type of question, in which there could be up to 26 (e.g. all the
letters of the alphabet) possible responses, only one of which is correct. It is a
relatively trivial task to change the marked-sense cards and computer system to
accept one of 20-odd responses rather than one from five. Now we have a
situation where eliminating the incorrect answers becomes much more difficult or
even impossible, thus requiring the student to do the calculation and then identify
the answer from a long list. It might be noted here that with numerical answers it
is always preferable to offer ranges rather than single numbers. For example, if
the answer to the calculation is actually ‘5’, then it is best to offer ‘4.8-5.2’;say, to
deal with the problem of the calculator coming up with the answer ‘4.98’.

Extended Matching Sets questions (EMSQs)

This principle of testing the application of knowledge rather than simple recall can
easily be extended to deal with non-numerical questions, and this forms the basis
of Extended Matching Set questions. Remembering that the aim is to get
students to apply knowledge rather than simply recall isolated facts, the format of
the question then takes the form of a small problem. Such problems are used in
the medical education field where they are given as short cases called vignettes.
In three to six sentences, a medical case is described giving various details such
as the patient’'s symptoms, the results of lab tests, etc, and the student is asked
to arrive at a diagnosis. This will then be chosen from a long list rather than five
choices. The spirit of testing in this way is that, having read and understood the
vignette and the information given in it, the student should be in a position to
produce the answer, i.e. the diagnosis, and choose this from the list.

The examples given in Box 1 show how a question of this type might appear,
first in the standard MCQ format and secondly as an EMSQ.

The first of these questions requires the remembering of an isolated piece of
information and the distractors would be fairly easy to eliminate. The second
question requires use of information and deduction and then remembering what
the cause of the disease is. In the second question, the list could obviously be a
much longer list of diseases.
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Box 1.
These two items were written to assess the same topic. Question (1) is in a
standard MCQ format:

Question 1. Acute intermittent porphyria is a result of a defect in the biosynthetic
pathway for

A. collagen

B. corticosteroid
C. fatty acid

D. glucose

E. haem*

F. thyroxine (T4)

The student has to remember that the disease acute intermittent porphyria involves
a defect in the way in which the haem in haemoglobin is synthesised in the body.
The distractors here are rather easy to eliminate, and even a rather poor student is
likely to make a connection between porphyria (haem is a porphyrin) and haem
synthesis.

Being able to remember this isolated piece of information does probably does not
help in diagnosis. The student may of course have other knowledge that would
help in diagnosis or treatment, but this is not assessed by this MCQ.

Question 2. An otherwise healthy 33-year-old man has mild weakness and
occasional episodes of steady, severe abdominal pain, but no diarrhoea. One aunt
and a cousin have had similar episodes. During an episode his abdomen is
distended, and bowel sounds are decreased. Neurological examination shows a
mild weakness in the upper arms. These finding suggest a defect in the
biosynthetic pathway for

A. collagen

B. corticosteroid

C. fatty acid

D. glucose

E. haem*

F. thyroxine (T4)

Notice that Question (2) has the same responses, but the stem is now in the form
of a clinical vignette describing the patient’'s symptoms. Notice that the term ‘acute
intermittent porphyria’ is not actually mentioned. The student needs to work out
from the case history presented that this is in fact likely to be acute intermittent
porphyria and should know that this disease is one in which haem synthesis is
deficient. Only five responses are given here, but there could obviously be a much
longer list for students to choose from. Question 2 asks the student to use
knowledge whereas Question 1 only asks for an isolated piece of information.

Taken from Susan M Case & David B Swanson’s book Constructing Written Test
Questions for the Basic and Clinical Sciences (Second Edition, January 1998).]
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It may be argued that having to write about 20 responses for each question stem
is very laborious. However, this is not as bad as it might seem. In the first place,
the responses are short, usually one or two words: a list of diseases,
microorganisms, drugs, etc: and in the second place, one list can be used for
several question stems on the same general theme. The example given in Box 2
shows how EMSQs for an examination in medical microbiology might be
constructed. Here again, a simple question (Question 3) may be used but with a
list sufficiently long that elimination is all but precluded: alternatively, a short case
may be described (Question 4) requiring the use of knowledge.



BEE-j Vol. 1 Issue 1 http.//bio.ltsn.ac.uk/journal/vol1/beej-1-2.htm

Box 2.

This is another example of a comparison between a question which asks for little
more than the recollection of an isolated fact, or one which asks for a deduction. The
topic (“theme”) is fever.

Lead-in: For each patient with fever, select the pathogen most likely to have cause
his/her illness.

Question 3. [Identify] An encapsulated Gram-positive organism that usually grows in
pairs or short chains. [L. Streptococcus pneumoniae)

The list of options:

A. Adenovirus H. Haemophilus influenzae

B. Aspergillus fumigatus I. Neisseria gonorrhoeae

C. Bacillus anthracis J. Pneumocystis carinii

D. Candida albicans K. Rhinovirus

E. Chlamydia psittaci L. Streptococcus pneumoniae
F. Coronavirus M. Streptococcus pyogenes
G. Epstein-Barr virus N. Histoplasma capsulatum

Question 3 requires that the student knows that the bacterium Streptococcus
pneumoniae grows in pairs or short chains and is Gram-positive. A number of
options might be eliminated (e.g. the viruses and the fungi) and the more
knowledgeable student might also be able to eliminate Mycoplasmas and Neisserias,
and having got this far, a fair amount of knowledge would have been tested.

However, the same list can be used with several questions all on the topic of fever,
and here is one that demands much more deduction than Question 3.

Question 4. A 7-year-old girl has a high fever and a sore throat. There is pharyngeal
redness, and swollen right tonsil with creamy exudate, and painful right
submandibular lymphadenopathy. Throat culture on blood agar yields numerous
small B-haemolytic colonies that are inhibited by bacitracin. What is the cause of the
illness? [ Answer: M. Streptococcus pyogenes]

The vignette in Question 4 is much more demanding, and one that is much more
related to the real-life patient situation. The child has a “Strep. throat” and having got
this far the person making the diagnosis would have a good idea of what antibiotic to
give and what the prognosis for the cure of the infection might be. To be fair
Question 3 might be quite appropriate to someone who will go to work in a
bacteriology laboratory, whereas Question 4 is more appropriate to a doctor in
training.

[Taken from Susan M Case & David B Swanson’s book Constructing Written Test
Questions for the Basic and Clinical Sciences (Second edition, January 1998).]

Although Extended Matching Set questions have mostly been used in the
medical field where the vignette plus responses is easy to understand and the
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questions fairly easy to write, there is no reason why they should not be used in
other subject disciplines. In biological science, the vignette might be the
description of an experiment or a series of observations, with students having to
make deductions from the data. Case & Swanson (1998) suggest that the steps
for writing EMSQs might be as follows:

(1) Identify the “theme” [disease, drug, metabolite, organism].

(2) Write the “lead-in” (i.e. for each patient described select the most likely diagnosis).

(3) Prepare the list of “options”. These should be single words or short phrases, and
should be in alphabetical order (unless there are logical reasons for not doing this),
and they should all be of the same sort, i.e. disease, drug, as in (1) above. One list
may be used for several question stems.

(4) Write the “items”. They should be broadly similar in structure.

(5) Review what you have written and check that there is a single “best” answer for each
question. Then get one or more colleagues to review the items.

How do students react?

It might be asked how students respond to this different mode of questioning. In
our own experience, medical students previously familiar with the one-from-five
type of question do relatively poorly the first time they are faced with the new-
style questions, probably because at least some of them are still working in the
“eliminate the distractors” mode. It has been said many times that assessments
(or examinations) drive student behaviour. On the assumption that students will
adopt whatever mode of working gives them the best chance of passing the
examination, if we set MCQs that simply require the remembering and recall of
isolated facts, then that is what they will give us. If, on the other hand, we set
EMSQs that require them to use and evaluate data with the aim of making a
deduction, then this is what we will get. We set the exams and, therefore, the
answer is in our hands!

Conclusion

The EMSQ format retains many of the advantages of MCQ tests (objectivity,
computer marking) but transforms the questions into items that can ask students
to solve little problems rather than recall isolated pieces of information. They can
also help to prevent students answering by elimination rather than actually
knowing the answer. Although many departments have a bank of MCQ items and
are naturally reluctant to change the format, one hopes that they may see the
pedagogic benefits of EMSQs. Furthermore, it is often possible to change a
question in MCQ format to one in EMSQ format simply by increasing the number
of options (Box 3). This then sets the scene for a more imaginative approach to
this form of assessment. Although EMSQs have mostly been used in Medicine
thus far (Alcolado & Mir, 2003), there is no reason why they should not be used
in other subject areas too.
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Box 3.

Here is a set of simple EMSQs which were developed from an existing set of
Biochemistry MCQs. They are not particularly elegant, but illustrate how such a
transformation does not require all that much effort.

Theme: Absorption and processing of carbohydrates
Options:

Deoxyribose
Disaccharide
Fructose
Galactose
Glucose
Glycogen
Lactose
Mannose
Polysaccharide
Ribose
Sorbitol
Sucrose

FACTIEMMOUO®p»

Directions ("Lead-in"): For each of the following select the correct
carbohydrate. (Each option may be used once, more than once, or not at all.)

Question 1. An individual of Afro-Caribbean origin experiences indigestion, gas
and bloat after consuming milk products. Avoiding milk products completely
cures this problem which is caused by the individual’s inability to digest which
of these carbohydrates?

Question 2. In addition to glucose, an infant on a normal milk diet obtains
approx. 50% of its carbohydrate energy from which of the above
carbohydrates?

Question 3. In normal individuals starch in the diet is hydrolysed in the intestine
to produce which of the above carbohydrates?

Question 4. Infants with the rare genetic disorder galactosaemia lack the
enzyme necessary for dealing with which if these carbohydrates?

Question 5. Glycogen in liver can be broken down to produce which of these
carbohydrates?
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