
without2,13-15 negative marking for incorrect responses.
The marks obtained by candidates depend not only on
their actual knowledge,2,4,16 but also on such diverse
factors as the presence or absence of negative
marking,6,8,10 the precision of question formulations,17-19

and the potential benefits from cueing,20-22 partial
knowledge,8,11,23 and 'wild guessing'.10,11,24  The pass
marks in MCQ tests need regular calibration depending

phase 3 occupied an intermediate position (53.1%) and phase
2 produced the highest score (68.3%).  The KS, to the
contrary, generated strikingly similar results for all the 3
phases (47.8, 50.5 and 49.5%) indicating that the marked
differences in the GS were probably related to benefits
obtained from guessing in the absence of negative marking.  In
this respect, the OBA produced considerably higher KS scores
than the T/F, presumably due to its facilitating extra benefits
from cueing, partial knowledge and judgement. 

Conclusions: Different MCQ formats generate dissimilar
quantitative results.  The OBA format seems superior to the T/
F format in crediting judgement and application of knowledge.
In non-negatively marked MCQ tests, the suggested KS
provides results comparable to those of negatively marked
tests.  Pass marks in MCQ tests should be calibrated according
to the used format. 
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ultiple choice questions (MCQs) grew out of a
need for objective methods of assessing and

ranking candidates.1  They were considered superior to
traditional essay questions for their simplicity,
reliability, internal consistency and ability to cover a
wide range of factual material.2-7  Several formats have
been used; the most popular of them are the true/false
(T/F) and one-best-answer (OBA) questions, with6,8-12 or
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on the used format on the one hand, and on the relative
difficulty of individual examinations on the other.11,24-26

In the Kingdom of Saudi Arabia (KSA), the Saudi
Council for Health Specialties (SCHS) adopts MCQs as
its standard method of assessing postgraduate medical
trainees in both Part I (in the middle of the 4-year
training program) and Part II (final certifying)
examinations.27  Over the past 6 years the Psychiatry
Program in SCHS employed MCQs in differing formats.
In phase 1 (1997) all questions were of the K-type T/F
format with negative marking for incorrect answers.  In
phase 2 (1996-1999) each paper was composed of
K-type T/F and A-type OBA sections, both without
negative marking.  In phase 3 (2000-2001) all questions
were of the A-type OBA and without negative marking
too.  

The aim of the present study is to compare the results
of these examinations.  By the rule of probability, we
hypothesized that: 1. In phase 1, negative marking
precluded significant gains from guessing and lead to
lowest scores.  2. In phase 2, where no negative marking
had been imposed, the T/F section yielded higher scores
than the OBA section as it had 2 and a half times the
probability of gain from guessing.  3. In phase 3, the
exclusively OBA format yielded lower scores than those
of phase 2.  4. OBA options provided better chances of
utilizing cues and partial knowledge than the mutually
independent T/F items, and 5. The end result is likely to
be that candidates scored highest marks in phase 2, and
least marks in phase 1.

Methods.  The study was conducted in the SCHS in
Riyadh, KSA, from 1996 to 2002.  Its material included
the used MCQ papers, the answer sheets, the
computer-generated scores, and the finally endorsed pass
marks and pass rates.  Over the 6-year study period a
total of 110 candidates sat for 18 papers in 13
examinations (8 papers from 8 Part I and 10 papers from
5 Part II examinations).  A total of 143 answered papers
have been returned.  In phase 1, 2 candidates returned 4
papers offering 1,200 T/F response options.  In phase 2,
55 candidates returned 68 papers offering 17,000 T/F
and 4,725 OBA options.  In phase 3, 53 candidates
returned 71 papers offering 10,650 OBA options.  The
overall study material consisted of 33,575 response
options. 

Operational definitions.  1. The gross score (GS) is
the officially accepted computer-generated percentile
mark given to the examinee, regardless of how much of
it has been earned by actual knowledge.  2. The pass
mark (PM) is the minimum percentile GS that enabled
any candidate to pass the specified examination.  3. The
pass rate (PR) is the percentile proportion of candidates
who had passed the specified examination.  4. The
knowledge score (KS) is a hypothetical, probability
estimate of the amount of actual knowledge needed by
the candidate to obtain on average his achieved GS.  5.
The confounding score (CS) is a complementary

construct representing that portion of the GS which was
obtainable independently of knowledge.

Measurement.  The GS, PM and PR were retrieved
from official records of the SCHS.  The KS and CS were
computed from the GS according to the rule of the
probability as follows.  In phase 1, the KS was
considered equal to the GS on the assumption that, in
large populations of dichotomous, mutually independent
T/F responses, negative marking would, by the rule of
probability, neutralize the effects of wild guessing, and
the benefits from partial knowledge would be
proportionate to the degree of that knowledge.  In the 2
other phases, where no penalty had been imposed on
incorrect responses, and where candidates routinely
attempted virtually all questions irrespective of their
degree of conviction about the correctness of their
responses, the KS was considered equal to the GS minus
that part of it, which the candidate needed no knowledge
to obtain by mere chance probability (CS).  This means
that for the T/F the GS would be equal to the actually
known answers (the KS) plus 50% of the guessed ones
(the CS); and for the OBA to be equal to the KS plus
20% of the guessed answers.  Thus, for T/F the KS
would be twice the GS minus 100, and for OBA would
be 1.25 the GS minus 25.  

Data entry and analysis was carried out using the
Statistical Package for Social Sciences for Windows
version 10.01.  Scores were compared by means and
their standard deviations and were tested by F-value.
The correlation between the T/F and OBA scores in
phase 2 was tested by their correlation coefficient.  Only
statistically significant data (p < 0.05) is discussed.

Results.  Table 1 provides the mean values of GS for
the T/F, OBA, the total, the pass mark and pass rate for
each examination.  The overall mean percentile GS
score was 64.3, varying remarkably from 47.8 in phase
1, where the examination was exclusively of the T/F
format with negative marking, to 53.1 in phase 3, where
it was exclusively of the OBA format without negative
marking, to 68.3 in phase 2, where it was combined T/F
- OBA formats without negative marking.  Within phase
2, candidates scored significantly higher percentile
scores in the T/F (72.2) than in the OBA sections (64.5).
This tendency was consistently observed at the level of
individual examinations.  It reflected itself on the
officially approved pass marks, which varied from 47.2
in phase 1 to 58.0 in phase 3 and 62.2 in phase 2.
Notably, the default pass mark of 70% as stipulated by
the Examination Regulations,27 was applied in only 2
examinations, both of which were from phase 2.  The
overall PR was 72% of the examinees, being
significantly higher in phase 2 (76.5%) than in phase 3
(66.2%), and in Part I (78.8%) than in Part 2
examinations (66.2%).  The correlation between T/F and
OBA scores (applicable to phase 2 only) was moderately
positive (r=0.55).  In phase 1, the candidates were
collectively offered a total of 1,200 T/F items with
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Table 1 - Mean percentile gross scores in MCQ questionnaires.

DATE

Phase 1
Nov 1997

Phase 2
June 1996
Nov 1997
May 1998
Nov 1998
Nov 1998
Sept 1999
Oct 1999

Phase 3
Sept 2000
Oct 2000
May 2001
Sept 2001
Nov 2001

Totals by Phase
Phase 1
Phase 2
Phase 3

Totals by Part
Part 1
Part 2

GRAND TOTAL

PART

  
   2

   1
   1
   1
   1
   2
   1
   2

   1
   2
   1
   1
   2

   2
1,2
1,2

   1
   2

1,2

PAPERS

  
   4

 10
   5
 10
   3
 16
 14
 10

 15
 20
   5
 15
 16

   4
 68
 71

 77
 66

143

CANDID

  
   2

 10
   5
 10
   3
   8
 14
   5

 15
 10
   5
 15
   8

   2
 55
 53

 77
 33

110

T/F*

  
47.8  

70.8*
78.4*
72.1  
68.1*
74.8*
70.5  
70.2  

-
-
-
-
-

47.8  
72.2*

-

71.7*
73.0*

72.2*

OBA*

  
-

55.0
65.9
70.8
56.1
67.3
65.6
63.6

64.9
60.3
50.4
61.2
58.6

-
64.5
53.1

58.8
65.5

62.4

TOTAL

  

47.8

62.9
72.2
71.4
61.9
71.0
68.0
66.9

64.9
60.3
50.4
61.2
58.6

47.8
68.3
53.1

64.8
63.7

64.3

PASS MARK

  

47.2

62.2
70.0
73.0
63.6
66.9
62.4
65.5

60.0
61.4
63.3
60.0
58.4

47.2
62.2
50.4

60.0
58.0

58.0

PASS RATE

  

100.0

  70.0
  80.0
  70.0
  66.7
  87.5
  71.4
  80.0

  80.0
  70.0
  20.0
  53.3
  75.0

100.0
  76.5
  66.2

  
  66.2
  78.8

  72.0

Candid - number of candidates sitting the examination(s), T/F - K-type True/False Format, OBA - A-type One-Best-Answer
Format, *statistically significant difference between T/F and OBA, MCQ - multiple choice question

Table 2 - Mean percentile knowledge score in MCQ examination(s).

DATE

Phase 1
Nov 1997

Phase 2
June 1996
Nov 1997
May 1998
Nov 1998
Nov 1998
Sept 1999
Oct 1999

Phase 3
Sept 2000
Oct 2000
May 2001
Sept 2001
Nov 2001

Totals by Phase
Phase 1
Phase 2
Phase 3

Totals by Part
Part 1
Part 2

GRAND TOTAL

PART

  
   2

   1
   1
   1
   1
   2
   1
   2

   1
   2
   1
   1
   2

   2
1,2
1,2

   1
   2

1,2

PAPERS

  
   4

 10
   5
 10
   3
 16
 14
   5

 15
 20
   5
 15
 16

   4
 68
 71

 77
 66

143

CANDID

  
   2

 10
   5
 10
   3
   8
 14
   5

 15
 10
   5
 15
   8

   2
 55
 53

 77
 33

110

T/F*

  
  47.8  

41.7
56.8
44.2
36.1
49.5
40.9
40.4

-
-
-
-
-

47.8
43.4

-

43.4
46.0

44.4

OBA*

  
-

43.8  
57.4  
63.5*
45.2  
59.1*
57.0*
54.4*

56.2  
50.4  
38.0  
51.0  
48.2  

-
55.6*
50.5  

53.2*
52.7*

53.0*

TOTAL

  

47.8

42.7
57.1
53.8
40.7
54.3
49.0
47.4

56.2
50.4
38.0
51.5
48.2

47.8
49.5
50.5

49.0
51.6

50.0

CS

 
 
-

20.2
15.1
17.6
21.3
16.7
19.1
19.5

  8.8
  9.9
12.4
  9.7
10.4

-
  18.3*
  9.9

14.6
13.9

14.3

CS%

  

-

33.1
21.1
25.6
34.7
23.9
29.3
30.1

14.2
17.3
25.8
16.4
18.8

-
  27.8*
17.4

23.3
21.5

22.3

Candid - number of candidates sitting the examination(s), T/F - K-type True/False Format, OBA - A-type One-Best-Answer
Format, *statistically significant difference, CS - confounding score, CS% - CS as a percent of the gross score, 

MCQ - multiple choice question
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negative marking. They declined to answer 199 (16.6%)
items.  They scored positive marks from 787 (65.6%)
correct responses, and negative marks from 214 (17.8%)
wrong responses.  Their mean score came out to be
47.8%.  It can easily be calculated that, had there been
no negative marking and the candidates consequently
attempted all items, they could have obtained an
estimated probability score of 73.9%, a figure strikingly
similar to that of the T/F without negative marking in
phase 2. 

Table 2 displays the estimated KS and CS.  The
overall mean KS was 50%, 14.3% marks below the
corresponding figure for GS.  The difference between
the GS and KS (namely, the CS) was nearly three-fold
bigger in the T/F (27.8%) than in the OBA tests (9.4%).
Unlike the GS, the KS showed no significant variation
across phases or individual examinations.  While the GS
was consistently higher in the T/F than in the OBA
items, the KS was, to the contrary, significantly higher in
the OBA than in the T/F items.  The CS was twice as
high in phase 2, where the examination was of mixed
T/F-OBA format than in phase 3, where it was
exclusively of the OBA format (18.3% and 9.9%).  This
CS constituted 39.4% of the GS for all the T/F tests
compared with 17.2% of it for all the OBA tests.  Within
phase 2, where performance of the same candidate in the
T/F and the OBA sections of the same examination
could be compared, the CS was threefold higher in the
T/F than in the OBA sections (27.8% and 8.9%). 

Discussion.  Limitations.  Firstly, the material is
drawn from a limited number of examinations involving
a relatively small number of examinees.  However, the
unit of analysis has not been the number of examinations
or of candidates but the whole 33,575 responses to
individual MCQ items.  Secondly, though genuine
efforts have been exerted by the SCHS27 to exclude
faulty or ambiguous question formulations,17,18,28 some
subtle flaws might have escaped notice.  These
limitations should be born in mind when evaluating the
present data.  

Findings.  The basic observation is that different
MCQ formats generated quantitatively dissimilar results.
As expected, negative marking produced lowest scores.
Its proponents wanted to discourage guessing by
precluding its benefits;8,29 its critics considered that
'unfortunate', arguing that, 'in much of medicine,
informed and educated guessing are exactly what is
needed’.6  Concern has been expressed that, as the fear
of losing marks inhibits most people from answering
items they do know, but about which they do not feel
fully confident, this might produce a divergence between
candidates on the basis of their readiness to take risks,
rather than on their knowledge.6  Our data showed that in
phase 1, where negative marking has been applied, the
candidates refrained from responding to one third of the
estimated number of items about which they had been
uncertain.

In the other phases, where no negative marking had been
imposed, the candidates obtained considerably higher
GS in the T/F than in the OBA items, but their KS were,
to the contrary, higher in the OBA than in the T/F items.
This indicates that the OBA format offers more chances
of utilizing cueing,20-22 partial knowledge,8,11,24 and
judgment.2  Koeslag and Melzer30 differentiated 3 types
of guessing in MCQ tests: guessing due to partial
ignorance, guessing due to total ignorance, and the
so-called 'antiknowledge' which they defined as
'recording an incorrect response in the firm belief that it
is the correct one'.  Holden8 pointed out that candidates,
in reality, have a spectrum of certainty about the
correctness of a particular response ranging from
knowing with absolute conviction to knowing nothing at
all (wild guessing).  Rather than viewing this spectrum
as a succession of discretely identifiable entities, we
considered it a one-dimensional continuum of the
degrees of knowledge on the issue in question ranging
from 'zero knowledge' (absolutely blind guessing) to 100
percent knowledge (full certainty of the correct
response).  By the rule of the probability, the likelihood
of making a correct response to a particular item would
be, on average, proportionate to the position of the
candidate's knowledge along that continuum.  Our
suggested KS not only eliminates gains from blind
guessing, but also variably credits partial knowledge for
whatever it is worth.  The superiority of OBA on T/F in
the KS of non-negatively marked examinations confirms
reports on the greater chances of benefiting from cueing,
partial knowledge and judgement in OBA than in T/F
tests.2,31  It should be emphasized that the KS has no
effect on the rank order of candidates sitting the same
examination.  It is specially useful for comparing results
of examinations conducted with different MCQ formats,
and for calibration of equivalent pass marks.  As a
probability estimate, its reliability depends on the
sample size of the studied observations.  It is unsafe to
use it for comparing individuals: luckier ones might get
more than their estimated group mean at the expense of
the unlucky ones who get less. 

In conclusion, MCQs are a valuable method of testing
factual knowledge.  Different formats generate
considerably different results.  Negative marking
produces lowest scores.  In the absence of negative
marking, the K-type T/F format yields higher gross
scores, but lower KS than the A-type OBA format.  The
suggested KS is useful for comparing the results of
different examination formats and in calibrating suitable
pass marks, but it is unsafe in comparisons between
individual candidates.  The OBA seems superior to the
T/F format in that it measures not only factual
knowledge, but also its sensible application.  Further,
large-scale studies are needed to confirm these findings.
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