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Background: In studies on validities of dzfferent methods for student assessment, each technique has been 
independently evaluated, but literature confirms the use of combination of dzfferent methods of assessment. 
Objectives: Searching for negative and positive aspects of assessment tools, and introducing the more preferable 
technique. 
Methods: In this descriptive-analytical research, 1372 medical students were tested using three types of questions; 
short-answer, multiple-choice, and true-false, so that the result of each method can be compared with those of the 
other two for each student. Nine classes from dzfferent curricula were randomly selected and in each of them, 30 
questions for 10 selected topics (total 270). were distributed. 
Results: The students' score analysis after excluding questions with a discrimination index of less than 0.3, showed 
that the most valid assessment tool was the short-answer questions (r0.685). The kappa coefficients of the short- 
answer method and the other two were in the 'yair" range of agreement. The highest coefficient of contingency is 
between the multiple-choice and true-false questions (0.402). The percentage of correct answers is the lowest in 
short-answer questions (53%), and the highest in true-false questions (65%). The higher percentage of incorrecl 
answers in multiple-choice (32%) compared with the true-false (26%) questions can be the result of the students 
being confonted with alternative choices in multiple-choice question, which apparently encourages them to choose 
one without using the relevant knowledge. 
Conclusion: It is recommended to use short-answer and true-false questions as the main components of examination, 
instead of multiple-choice question alone, so that student's learning and recall would be tested and students would not 
be misled. 
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Introduction 
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Having information about examination technique 
is an important part of an individual's preparation 
for the exam. In 1998, Hammond et al. performed 
a study on the candidates for the fellowship of the 
Royal College of Anesthetists in the United 
Kingdom, where multiple choice questions were 
part of the assessment process in both p r e l i i  
and final examinations. A group of candidates - .  

attended a pre-examination revision course. The 
study concluded that failure to appreciate the 
relationship between knowledge and assessment 
technique may significantly affect a candidate's 
performance in the examination (1); therefore, it 
can be said that a major part of students' 

preparation depends on their previous conception 
of the examination method. However, in the case 
of badly designed or repeated questions in 
successive exams, the knowledge of usual exam 
techniques leads students to study the question 
patterns rather than to think about the scientific 
problems at hand. 
According to the study conducted by Mavis et al. 
although currently a variety of competency 
assessments are used, multiple-choice questions 
remain a core assessment method (2). In Irans' 
medical schools the usual way of examination - 
besides the oral exams during the clinical 
clerkships- is multiple choice questions. They are 
used most often because of the crowded classes, 
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especially during the first five years with basic 
sciences, physiopathology, and clinical courses. 
During the clinical clerkships, students are divided 
into groups in each ward, and then they are 
evaluated by oral exams and essays in addition to 
multiple-choice tests. 
The current form of student knowledge assessment 
had some shortcomings. 
In designing such questions, consideration should 
be given to the cognitive educational objectives 
which should be obsewable and measurable (3). 
Regardii different standard test exams, and their 
positive aspects which are discussed in the 
educational text books, however the necessary 
principles of designing such questions may not be 
adhered to(4). The questions received for 
American Board of Medical Examination which 
are mostly MCQS, are chosen after deep and 
critical review and long analytical discussions, by 
the National Board of Medical Examiners and the 
rest will be discarded (5). Difficulty in designing 
questions may lead to improper alternatives and 
therefore inappropriate student assessment. The 
reason why students claim that the MCQs in 
ordinary university exams are not a proper way of 
evaluating their knowledge properly, might be due 
to the above mentioned points. 
In addition, the ability to answer questions by 
studying those of previous exams has caused an 
alarming reduction in class attendance, depriving 
the students of exchanging and analysing 
information, and exploratory thinking, hence 
quality learning (6,7). In fact, taking these points 
into consideration during many yeas of teaching 
by one of the authors (Rassaian, N.) was the 
initiative for present research to fmd a bet@z..xay 
to evaluate test exams. 
Due to subsequent effects of evaluation rneth* 
on studying techniques and usage of learned 
material, a change is felt necessary. The best way 
to benefit from multiple-choice method is i@ 
combination with other assessment techniques (8). 
Accordingly, the present study was designed to 
compare three different assessment methods in 
which each selected topic was assessed by three 
methods in each student. The variables were the 
number of correct, incorrect, and blank answers, 
the time required for marking the exam papers, and 

the students' scores. The final goal was to 
determine the preferred assessment technique 
obtained from this new methodology. 

Materials & methods 

This study was designed as a descriptive-analytical 
research and was conducted using the second 
semester exams of 1993 medical students from 
Shaheed Beheshti and Iran Universities of Medical 
Sciences and Health Services in the three curricula 
of basic sciences, physiopathology, and clinical 
sciences. These are sequential periods in a 7 year 
medical university program, consisting 
respectively of 4, 2, and 5 semesters, before the 
final 18 months of internship. 
The selection was based on the university's 
agreement and the p~ofessor's interest to participate 
in designing exam questions according to the 
approved research program. After the universities' 
authorities gave the authorizations, three course 
examinations were selected randomly from each of 
the three curricula using the official examination 
schedule of the universities, i.e. 9 courses overall. 
For each of ten selected topics in each course, 
questions were designed by using the three 
methods of multiple-choice, true-false, and fill in 
the blanks with appropriate word (short- answer), 
i.e. 30 questions overall for each course. The 
questions were of Taxonomy type 2, where the 
answers of each method of questioning were not 
hinted at in the body of questions of other methods. 
The question key was given by the question 
designer. 
The questions for all nine courses were typed in 
trua pages 4. the students were r m i d e d  that 
points would be deducted for incorrect answers for 
the .&st and second tenquestions (multiple-choice 
d t n m f a l s e ,  respedtively) ;and that the third ten 
~ i ~ ( & ~ ~ ~ e r ~  had: no negative grades. 
2Wndsdm &?thathacplestiorn mas such that the first 

&r&t tme--false, and the first 
& .; . . :.. , , .. . ~ 'auwm@Wt'. , " : . .. were about the same 
. s c i @ m @ ~ m d  $&.& was repeated for all 
ten ~ . ~ ~ ~ o n s  were included in the 
formal M. @ , v q w m <  as h t  two pages. All 
of the colWcmat&e pmfessqm wanted to consider 
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the score of this part of the exam as additional 
points or part of the students' final grade. 
After each examination, thirty questions designed 
for this research were marked using the answer 
keys by one of our colleagues and were rechecked 
afterwards. They were asked to write the number 
of incorrect answers, the number of unanswered 
questions, and the marking duration for the ten 
questions of each type. 
The students' scores were delivered in the shortest 
possible time to the related professors and, 
according to the given authorizations, the exam 
papers were considered as research documents and 
were kept by the research director for statistical 
analysis. Performing the research related exams 

did not interfere in any way with the universities' 
schedules or policy of examinations. 
The question design procedure was as follows: 

Codes 1 to 10 for multiple-choice 
Codes 11 to 21 for true-false 
Codes 21 to 30 for short-answer 

The content of the questions were designed so that 
codes 1, 1 1, and 21 were about one scientific topic, 
and 2, 12, and 22 from another one, and so on. 

Results 

General description of the population under study 
is shown in Table 1. , '' 

TABLE 1. Population under study, based on curriculum, name of course, number of students, and name of 
universities 

The description of the questions in terms of in clinical period (6190), on the other hand the 
difficulty index, and facility index is shown in minimum number of easy questions (270%) were 
Table 2. In each curriculum, the maximum number in basic sciences (1 8190), and the maximum were 
of difficult questions (<30%) were in basic in clinical phase (45 190). 
sciences (25190), and the minimum number were 

':,-%% - 
:.. .< . 7. 

I ,:..:. .. , 

TABLE 2. Frequency distribution of questions with their difficulty index (DI) and facility index (FI) in 
three different curricula in medial Schools versus assessment techniques. (DI<30% & FD70%) 
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Since the quality of the questions is an interfering 
variable in analysing the responses, the 
discrimination index of each of the 270 questions 
(90 questions for each method) was calculated and 
a total of 39 questions with a discrimination index 
of less than 0.3 were considered unacceptable. 
Certainly, when it was necessary to discard a 
question designed for one method the related 
questions by the other two methods were also 

discarded, because in this research methodology, 
each method is the control for questions of that 
topic asked by the other methods and omitting one 
leads to the other two's omission. Therefore, 
another 51 questions were omitted. Thus, a total 
number of 90 questions were discarded, and all the 
statistical analyses were done on the remaining 180 
questions, i.e. 60 for each method (Table 3). 

TABLE 3. Frequency distribution of exam questions and all of the answers in each method after omitting 
questions with DII0.3 for the 9 classes in the three curricula. 

The description of the questions with 
discrimination index less than 0.3 is shown in 
Figure 1 Clinical phase had the maximum number 
by true-false method (20.5%), with no 
unacceptable MCQS. 

Class NumberO 
No. of questions 

No. ofallanswers 

Average time for correcting papers was calculated 
for each method, which was compared with the 
Duncan's multiple range and t test. 

FIGURE 1. Percentage of questions with DK0.3 in three different curricula 
in medical schools by assessment techniques : . , 

. . 
I i .. \. .~ . ~ .. ' : :L .: 

@Class numbers are indicative of the courses in table 1 
h ~ , .  ,I..:;.:. , . . . : 

Total 

Basic Sciences 
1 
7 

1792 

Physiopathology 
2 
5 

480 

4 
7 

511 

Total 

60 
9314 

3 
6 

1086 

Clinical Sciences 
5 
7 

896 

7 
7 

952 

6 
7 

847 

8 
8 

1856 

9 
6 

894 
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As shown in Figure 2 the true-false method 5.4 minutes), which is significantly shorter than 
required the least amount of time (5.2 + 2.3 short-answer method (14.1 + 7.9 minutes), which 
minutes) and statistically it had a significant took the longest duration,as expected (P<O. 000 1). 
difference with the multiple-choice method (13.1+ 

FIGURE 2. Mean of marking duration of each ten questions relevant to its assessment techniques 

Studying the number of correct, incorrect, and 
blank answers in the remaining 60 questions for 
each method of assessment (Figure 3) showed that, 
although no negative grades for incorrect answers 
were given, the short-answer method had the 
greatest number of incorrect answers (39%) and 
that such questions were relatively difficult for the 
students. However, it is notable that incorrect 
answers were 26% in true-false questions and 32% 
in multiple-choice questions. True-false questions 
had also the greatest number of correct answers 
(65%), which can not be interpreted based on its 
50% chance of guessing because the greatest 
number of unanswered questions were also seen in 
this type of questions (9%). The results of kappa 
test and the coefficient of contingency for 
comparing the degree of agreement between the 
short-answer and each of the other methods is 
shown in Table 4, which shows that the number of 
common correct answers between MCQs and 

short-answm,_is equal to that of true-false and 
short-answer (78%). These tests were also done for 
evaluating agreement between multiple-choice and 
we-false methods resulting number of common 
correct answers 4227, common incorrect answers 
1212, and common blanks 335 with kappa 
coefficient 0.269 0. 00000 I), which showed 
the highest coefficient of contingency (0.402). 
After discarding the questions with DI < 0.3, the 
students' scores were calculated on the basis of 20, 
and by factor analysis of the resulting scores, a 
related factor was obtained, the common element 
of its constituents is considered to be student's 
knowledge. It is most probable that the variable 
representing a higher correlation with this factor 
will have a higher importance in evaluating their 
knowledge. The above analysis showed that, in 
relation to other two methods, the short-answer had 
the highest correlation (r = 0.685), and the multiple 
choice had a very close correlation to it (r = 0.677). 
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FIGURE 3. The number of correct, incorrect, and blank answers in the remaining 60 questions 

* I I I,, 

TABLE 4. Coefficient of contingency and kappa coefficient for comparing common correct, incorrect, and 
blank answers of eacb of the two methods of multiple-choice and true-false, with short-answer method. The 

percentages of answers in each method are calculated relative to short-answer method. 

The correlation of true-false tool appeared in the 
third order (d. 5 60). Also, since the comparison 
of the assessment methods was our the objective, it 
seemed necessary to compare the mean of students' 
scores from acceptable questions obtained from 

Multiple- 
choice with 

Short-answer 
True-false 
with short- 

answer 

each technique - after those with a Dl< 0.3 was 
discarded - with the related mean of raw scores, 
which provided a very close results (Table 5). 

TABLE 5. Mean of raw scores of 1372 medical students with the three assessment methods before and after 
omitting questions with DII0.3. The calculated correlation of each method with the student's grades, after 

omitting the questions, is also presented* 

Correct (%) 

3801(78) 

3815(78) 

Incorrect (%) 

1853(51) 

1426(39) 

Short-answer 
Multiple-choice 

Tme-false 

Blank (%) 

2 14(28) 

253(33) 

r 

0.685 
0.677 
0.560 

Score Mean** 

Contingency 
Coeffcient 

0.395 

0.343 

Before 
10.2 
11.7 
13.0 

After 
10.5 
11.9 
12.9 

Kappa 

0.330 

0.253 

P 

0.000001 

0.000001 
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Discussion 

So far the validity of test exam questions designed 
by a method has been determined independent 
from other methods. In this study student's 
knowledge of each scientific fact was assessed by 
three combined methods: multiple-choice, true- 
false, and short-answer. Although the students are 
unaccustomed to short-answer questions in 
comparison with the other two, this creative way of 
assessment was considered as the most valid one. 
As a result, it was selected as the control group. 
And in order to reduce the amount of probable 
messing and chance taking, it seemed necessary to 
use negative marks for MCQs and true-false 
questions. 
According to educational text books, short-answer 
technique is of high validity in comparison with 
MCQs and true-false (9, 1 0). The same result was 
obtained in the present study. 
It must be mentioned that to answer the short- 
answer questions was relatively difficult, and due 
to not having negative score, it contained the most 
number of wrong answers, but what is noticeable is 
that number of wrong answers in true-false 
questions was 26%, whereas in MCQs it was 32%. 
On the contrary, number of correct answers in true- 
false questions were the highest (65%). 
Wass et a1 conducted a study on maximizing 
reliability of undergraduate clinical examinations, 
through combining, several question techniques 
given to 214 medical students in an 8 hours exam. 
He reported that 85.3% of them, in true-false 
method, gained the highest score ( l l ) ,  which 
supports our results 
If in analysing the above mentioned result, one 
considers the cause as chance taking, it has to be 
pointed out that the highest number of unanswered 
questions (9%) were seen in that same technique. 
The quality of the designed questions regarding 
difficulty and facility indices in different periods of 
basic sciences, physiopathology, and clinical 
sciences, did not reveal a common trend. In clinical 
sciences, half of the questions (45190) were easy 
(F1>70%), and most of them were in the form of 
hue-false (22/90), (Table2). Furthermore, the most 

number of questions were with discrimination 
index less than 0.3 (20.5%), (Figl). 
Thus in designing questions for the clinical period, 
the above mentioned points have to be taken into 
consideration. 
It appears that the low number of correct answers 
in multiple-choice questions (60%) is possibly 
related to students facing wrong altematives much 
more frequently. 
Besides, the number of unanswered questions in 
this method is equal to that of the short-answer 
(8%), though the students knew that in the latter 
method there was no negative score for incorrect 
answers. Thus, it can be concluded that in 
multiple-choice questions, in spite of having 
negative scores, the higher frequency of wrong 
altematives does not prevent the students from 
answering questions. They choose by chance and 
consider one of the choices as the correct one, 
without even knowing the correct answer. 
The short-answer method, as compared with two 
other techniques, is the most valid one in assessing 
students' knowledge. So, the kappa test used to 
determine the common correct, incorrect, and 
unanswered questions in MCQs, and true-false, 
with short-answer method. In comparing the 
degree of agreement of each of the other two 
methods with the short-answer method, both the 
kappa coefficient and the coefficient of 
contingency are higher for the multiple-choice 
method than the true-false method. However, the 
kappa coefficients have very little difference with 
each other and are both in the "fair" range of 
agreement. Since the percentage of common 
correct answers are similar (78%), these 
differences are not due to correct answers, which 
are usually considered an index of students' 
knowledge, but differences in common incorrect 
(51% vs 39%) and common blank answers (28% 
vs 33%) were involved in obtaining this result 
(Table4). 
Using kappa test, also showed that MCQs and true- 
false had the highest coefficient of contingency 
(0.402). Wass et a1 study also shows a correlation 
of 0.56 between short-answer and MCQs, and 0.46 
between short-answer and true-false (1 1). 
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In a survey, Duftield et al. have analyzed the 381 
students' views about the purposes and fairness of 
assessment in Newcastle Medical School. They 
concluded that a clear majority of students (8 1 %) 
agreed that, on the whole, assessment at this 
medical school was fair. Data interpretation papers 
(comprising a combination of multiple true-false, 
one best answer and short-answers) were perceived 
to be the fairest assessment tool (12). 

Conclusion . ': , 
:, . 

I .  ' ,  , . . 

Considering the highest kappa coefficient between 
true-false and multiple-choice methods, and high 
validity of short-answer technique, to enhance the 
validity and fairness of student evaluation, 
combination of the three methods is recommended, 
not the MCQs alone. No need to say that, by doing 
so, the rate of students learning and recall can be 
evaluated, and also the negative aspects of 
multiple-choice questions would be lessened. 
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