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ABSTRACT
Background: The presented method of evaluating computer tests is based on the requisite to reduce the risk of 
guessing the correct answers while testing a large number of Healthcare students. The system guides students to 
realize their own mistakes and deducts points for their mistakes made unconsciously.
Aim: To compare the suitability of a method dealing with the certainty based marking tests in contrast to the tests 
without correction of guessing the correct answers while marking the knowledge of students of health studies.
Methods: 150 students undertook a test evaluating their level of knowledge from anatomy which is taken on reg-
ular basis. This test had a form of 40 computer evaluated dichotomous tasks with the correction of guessing the 
correct answers with a degree of certainty. The results were recalculated for correction using a negative marking 
and for results without correction.
Results: The average value of the difficulty of test items Q reached the level of 22.3. Yet corrected using the degree of 
certainty the outcome median was 49.2% of the required 70%. Without corrections the median was 77.5%.
Conclusion: This evaluation using the degree of certainty seems to be too strict for the students, however if the 
students actually had the required knowledge, they would have been more successful. A great benefit compared 
to other correction mechanisms designed for guessing is greater stratification of the results according to the 
number of mistakes made unconsciously and guessed answers.
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INTRODUCTION
An integral part of teaching health care students is eva-
luation of their knowledge. It enables us to verify the 
level of their mastery of material presented in lectures 
and applied during the student’s work in a hospital. In 
the Czech Republic, oral examinations have been the 
„golden standard“, which, when performed by experi-
enced academic staff, usually maintain a high level of 
quality and complexity. However, oral examinations 
are time consuming, students tend to mindlessly me-
morize a plethora of information, and there is less ob-
jectivity if examiners change (1). Therefore, in the case 
of the evaluation of an increasing number of students, 
a high quality didactic test might be appropriate. 

According to Chráska (2) a didactic test is an exa-
mination which focuses upon objective examination 
of mastery of the subject matter a by certain group 
of people. However, individual tests and test questi-

on differ in their difficulty and validity i.e. the corre-
spondence of the test content with the objectives and 
content of the curriculum. Nevertheless, finding a sui-
table tool for a quick and efficient evaluation of stu-
dents’ knowledge might save time and energy. Ano-
ther advantage might be ease of quantification, which 
would enable us to evaluate students objectively.

Individual tests used nowadays differ mostly in the 
number and type of test questions, or in the evalua-
tion method. The ideal test form has to correspond 
to the objectives and content of the curriculum. It 
should also have a sufficient number of test questions, 
and the test should be undertaken under acceptable 
conditions, which should be the same for all students. 
Appropriate conditions include a quiet environment, 
sufficient time, no presented materials which would 
influence the students’ results, and a seating arran-
gement which prevents cheating. When creating 
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test questions, we should focus on suitable usage of 
distractors, i.e., wrong answers, which should be ne-
ither too difficult nor too obvious. Another factor is 
a number of correct answers, the method of choosing 
or matching the answers, the time allocated to an indi-
vidual test question, and the length of the instruction 
for an individual test question (3). 

A frequently used type of test questions which veri-
fies students’ knowledge is a multiple choice question 
(MCQ). In this scenario, testees choose one or more 
answers out of the choices from a list. Other types in-
clude a single-best answer (SBA) and a multiple true/
false question (MTF) i.e. a dichotomous test question. 
Among more modern test formats there are matching 
questions, or extended-matching questions (EMQ) 
(3, 4). The drawback of the above mentioned types is 
a danger of guessing correct answers, which we need 
to eliminate. Particularly with multiple choice questi-
ons, the risk is almost permanent. 

A suitable option is using a score correction to 
decrease the influence of guessing on the test result 
itself. The phenomenon of „guessing“, when a student 
chooses an answer without being sure or even just 
using a „wild guess“, is widely spread, increasingly so 
with the popular usage of closed test questions (2).

Karp (5), as one of first authors, mentioned the 
risk of guessing in entrance examination for the Fa-
culty of Medicine consisting of fifteen test questions. 
Depending on other variables, according to his rese-
arch, up to 68% of applicants would be able to guess 
an answer in 1 to 8 test questions out of fifteen. 16% 
of guessing students would guess no answer correctly; 
nonetheless, 13.5% applicants would correctly guess 
8 to 12 answers, and 2.5% would correctly guess as 
much as 12 to 15 answers. Traditionally, these tests 
use questions with four answers. Therefore, with the 
unchanged form of the test, a student is able to guess 
correctly each answer with 25% probability of success. 
In case the student manages to determine the easiest 
distractor, the probability of correct guessing reaches 
33.3%. Moreover, with a test using MTF type of test 
questions only, the chance of success exceeds even 
50% if the student chooses all answers as „True“. 

There are a number of correcting mechanisms, 
which should lower the impact of guessing the correct 
answer. The majority of these principles are based either 
on different ways to increase the difficulty of correct 
guessing or on a certain handicapping of the students 
who answer test questions incorrectly i.e. penalizing for 
mistakes. The principle of increased difficulty might 
work in the form of adding a higher number (e.g. five 
or six) distractors or increasing the number of correct 

answers for each test question. The disadvantage of 
this method is an increasing difficulty of passing the 
test as well as a more time consuming test. Simultane-
ously, creating the test becomes more difficult and the 
quality of distractors needs to be higher (6).

One method based on the principle of penalizing 
uses subtraction of points for wrong answers. Typi-
cally, a point is lost for a wrong answer where a po-
int would have been gained for the correct answer. 
This method is called Negative Marking (NM). When 
taking a test using Negative Marking, a student that 
does not know the correct answer has two options; 
either to risk losing a point by incorrect guessing or 
skip the question and gain no points for the particular 
test question.

Another method, which we focus on in our rese-
arch, is Certainty-Based Marking (CBM), which also 
uses subtraction of points but on the basis of a level 
of certainty indicated by the students themselves (7).

According to Chráska (1), another method called 
„a correction for guessing“, which also uses the prin-
ciple of penalizing, might be beneficial. This method 
can be used under assumption that a guessing student 
makes more mistake than a student who actually sol-
ves the test questions. In this case the correction sub-
tracts a certain percentage of correct answers out of 
the total score depending on the number of wrong 
answers. The author also emphasizes the fact the stu-
dents need to be informed „a correction for guessing“ 
is being used in the test, so that they can leave certain 
test questions unanswered rather than risk penalty by 
incorrect guessing. This system might be unfair to stu-
dents who do not guess and simply make more mis-
takes, because their points are subtracted anyway.

A Certainty Based Testing
The variant chosen by the authors of this work for 

improving knowledge testing to limit guessing is uti-
lization of computer based tests using the method of 
Certainty-Based Marking (CBM). A level of certainty 
can be implemented in dichotomous test questions 
(true/false), matching, ordering, and multiple choice 
test questions. This method is not suitable for open 
questions because of limitations of computer asse-
ssment. Assessment using this correction might be 
implemented in the initial, progress, and final testing 
of knowledge of students of most fields.

The advantage of certainty based testing is to pro-
mote knowledge of students and to eliminate guessing 
in computer based tests using closed test questions. 
The test is most appropriate for the first two levels 
of Bloom’s taxonomy (remembering and understan-
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Table 1  Outline of assessment of questions 
in a certainty based testing

Figure 1  
An example of 
a test question 
with a certainty 
based correction

Certainty Unsure Fairly 
sure

Quite 
sure

No 
answer

Assessment 
of a correct 
aswer

33% 67% 100% 0%

Penalty for 
a mistake 0% – 67% – 200% 0%

ding). However, it might be feasible to create a test 
for higher levels of Bloom’s taxonomy and also im-
plement a certainty based correction. A great benefit 
is the fact that the test includes self-assessment, and 
thus develops the skill of self-reflection in some stu-
dents. Awareness of one’s shortcomings creates an 
opportunity for improvement.  Some students might 
use guessing unconsciously. They choose the correct 
answer believing they know the correct answer while 
they actually guess the most likely option and believe 
in luck. Successful guessing has no direct correlation 
to knowledge; therefore it is not advisable to assess 
students on the basis of guessing (7). 

Visually, a CBM test question looks similar to 
a normal one, except the part where the student indi-
cates the certainty they feel they know the answer with 
in a way of self-assessment. This directly influences 
the point correction for the particular answer. Figure 
1 is an example of a dichotomous test question.

The system of evaluation is outlined in Table 1. The 
certainty, marked by a student, is converted into a per-
centage, and the point for a correct answer is multiplied 
by this value. The percentage value of added or sub-
tracted points is a method based on research of Gard-
ner-Medwin used at University College London for 
knowledge testing of students of medicine and biome-
dicine (7, 8). The result of each test question is modified 
according to the certainty marked by the student and 
whether they chose the correct answer. The option of 
result correction by CBM is available in LMS Moodle 
2.1 and higher, and LAPT (London Agreed Protocol 
for Teaching) (9). The respective levels of certainty are 

labelled as quite sure (more than 80%), fairly sure (more 
than 67%), and unsure (less than 67%).  

In case of a wrong answer the student loses points 
only when they chose the option of quite sure or fairly 
sure. The students are not motivated to skip questions, 
but to reflect their knowledge and to be able to realize 
they do not know the answer with enough certainty. 
Therefore wrong answers with marked certainty of 
unsure do not lead to subtraction of points. However, 
Table 1 clearly shows a significant loss of points in case 
of choosing a wrong answer with the certainty of quite 
sure. This penalty is based on the philosophy that it is 
not acceptable to make unconscious mistakes. A dra-
wback of CBM is, nonetheless, a need of higher matu-
rity of testees who would be able to assess their own 
knowledge in a critical way (7).

Examples from practice best elucidate the benefits 
of this system of testing. If a student is not sure, they 
can look for help and verify their procedure. If a stu-
dent is quite sure 1 ml of Heparin contains 500 interna-
tional units and thus would administer a tenfold dose 
to the patient, a penalty of two points in a test is highly 
relevant. The student would not pass an oral exami-
nation either. However, if the student realizes during 
his preparation they are not sure about the procedure, 
they can verify their presumptions. There is an equally 
urgent need to learn with certainty the subject matter 
of basic subjects. For instance, if a student is quite sure  
that „sinister“ means „right“ could lead to disastrous 
consequences in surgery where the correct site and 
side is paramount. 
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OBJECTIVES
To compare the suitability of the certainty based mar-
king tests of students of health studies compared to 
tests without correction for guessing.

To compare the suitability of certainty based mar-
king tests of students of health studies compared to 
correction using negative marking.

RESEARCH SAMPLE
The research sample consisted of 152 nonmedical stu-
dents of health studies. All students were in the first 
year of their studies of General Nursing, Midwifery, 
or were training to be Paramedics. Two students did 
not complete all of the answers, and therefore, are not 
included in the results due to the impossibility of cal-
culating test sensitivity. 

METHODOLOGY
Piloting preceding the published results was carried 
out on a sample of 28 students in the above fields by 
the method of test and re-test using 20 test questions. 
Each student completed the test twice with a time in-
terval of 15 minutes. A test with four options and one 
correct answer was chosen. The piloting verified the 
necessity of instruction before the CBM test. Instructi-
on on the CBM system was carried out between the 
test and the re-test, and students did not have a chance 
to check the accuracy of their knowledge before the 
second test. The successive test (with a rearranged or-
der of the test questions) correlated with the first test 
with a statistical significance of p = 0.05, but Spear-
man‘s nonparametric correlation coefficient was only 
r = 0.677. Moreover, after piloting, the number of test 
questions was increased from 20 to 40, and the test 
was made dichotomous with the aim of simplifying 
the completion of the test and avoiding ambiguity. Pi-
loting took place in December 2014.

The research as such was carried out using a pro-
gress test in Anatomy. Students took the test in Janua-
ry 2015. The subject matter of the test was conveyed 
to all students by the means of lectures within the 
previous semester. Students were acquainted with the 
CBM test before the actual testing and could even try 
a sample test with 20 test questions, which, however, 
were not included in the evaluated test. This opportu-
nity was taken by 132 students out of the total 152 in 
the research sample.

All testees underwent a computer based test with 
dichotomous test questions, complemented with 
a  choice of certainty for each question. The test was 
the same for all students and consisted of 40 test ques-
tions. Individual tests had test questions arranged in 
different order, and the test questions were displayed 

in a secured window. Students had the option of free 
movement between test questions. The time limit was 
set at 30 minutes, which was based on the experience 
acquired during the piloting. 

Test questions were based on the whole curriculum 
of the subject. Subsequently, the test questions were 
proofread by a team of four experts to eliminate poten-
tial mistakes and shortcomings. The test questions were 
not meant to be too demanding for the students. The 
test included six simple motivational questions, which 
students were supposed to answer with a high certainty, 
to encourage students to continue testing. Altogether 
200 test questions created, out of which 40 were selec-
ted for the test itself by computer using pre-set criteria.

The test was password protected and posted on 
the intranet just prior to the beginning of the tes-
ting. The students were closely invigilated to prevent 
cheating. None of the students left their seats in the 
course of the test.

The evaluation was based on the assessment of the 
percentage of correct answers as proposed by Sedláč-
ková (10), i.e. a very strict evaluation. Instead of using 
a scale, the tests were marked either passed or failed, 
corresponding to the interval between 70% and 100% 
of correct answers and below 69.9% respectively.

The test result without CBM correction was expor-
ted from the same text. The computer also produced 
the results for the Negative-Marking (NM), where 
a  point is added for a correct answer and a point is 
subtracted for a wrong answer. All results were listed 
as percentages.

 Test question difficulty Q is determined as a per-
centage of the overall number of testees who either fai-
led or skipped the particular test question (2). It was 

calculated according to the formula  , 
where nN is the number of students who did not answer 
the particular test question  correctly, and n is the total 
number of students. The more difficult a test question 
was, the higher value of Q was reached (11). Sensitivi-
ty coefficient ULI is used for a calculation of capability 
of the test question to distinguish between students 
with higher and lower level of knowledge. It was cal-

culated according to the formula ,

where d expressed the value of the coefficient ULI, 
nL is the number of persons in the group of students 
with a higher level of knowledge who answered the 
test question correctly, and nH  is a number of persons 
who also answered the test question correctly but be-
longed to the group of students with a lower level of 
knowledge (2, 12). To check for the reliability, Cron-
bach coefficient alpha was computed.
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RESULTS
The CBM test in the progress test of the knowledge 
of anatomy was passed (passing mark 70%) only by 
27 out of 150 students. The very same test assessed by 
the Negative-Marking would have been passed by 48 
students. If there had been no correction for dichoto-
mous test questions, the test would have been passed 
by 120 students. The average result of the CBM test 
was 45.1% with the median of 49.2%, the minimum 
-35.0% and the maximum 97.5%. The distribution of 
all the test results is displayed in a histogram (Graph 
1). The average length of time to complete the test was 
20.1 minutes.

Graph 1  Results of CBM test shown in intervals of 
20% points

The average difficulty of test questions Q reached 
the value of 22.3 with the minimum of 0 and the maxi-
mum of 48. Such a low value was caused by the choice 
of a simple form of dichotomous test questions. The 
test included six simpler motivational test questions. 
Their difficulty Q was lower than 5. 

Using the sensitivity coefficient ULI, 23 test ques-
tions were marked as sensitive enough to distingu-
ish between students with higher and lower levels of 
knowledge. As mentioned above, six test questions 
were only motivational and, as expected, did not have 
a sufficient sensitivity to indicate which students knew 
the subject well and did not guess. The sensitivity of 
the remaining eleven test questions was below the 
threshold for discrimination and therefore will not be 
used for further testing. The limit was set as d ≥ 0.25 
with the difficulty level Q = 30–70. For test questions 
with Q = 20–30 the limit was d ≥ 0.15 (12).

A comparison of results of different alternative of 
using correction of guessing is displayed in Graph 2. 
When using the simplest form of testing (dichotomous 

test questions), it is obvious that CBM is a good tool 
for stratification of student answers according to the 
number of unconscious mistakes or guessed answers. 
The NM system of assessment also differentiated stu-
dents well, but it motivated students to skip questions 
without answering them.     

It was proved that it is not possible to use a dicho-
tomous type of test questions without any correction 
of guessing using absolute assessment standardization 
(a set passing mark of 70%). When using this type of 
test questions without any correction of guessing, even 
students with the worst level of knowledge achieved 
a  success rate of 50%, which corresponds to almost 
random completion of the test without the knowledge 
of the correct answers.

Graph 2  A Comparison of individual alternatives of the 
dichotomous test

The estimate of the internal consistency was cal-
culated using Cronbach‘s alpha. The group of stu-
dents was homogenous regarding the lectured subject 
matter as all of them were students in the first year. 
The surroundings in which the students took the test 
was familiar to them. Tested subject matter was also 
homogenous. The result of Cronbach‘s alpha was 0.7, 
the test questions had a sufficient internal consistency.

DISCUSSION
The average difficulty of test questions Q reached 22.3. 
Chráska (1) recommends the value to be minimally 
20; otherwise test questions are too easy. Ideally the 
value of difficulty should lie within the region of 50. 
Although the test questions were deliberately crea-
ted with a low level of difficulty, the CBM assessment 
showed that the success rate of most of the students 
(50%) fluctuated between 27.5 and 63.3%. When 



ISSN 1803-4330 • volume 9 / 1 • April 2016 6

using the CBM assessment, the average success rate 
dropped from 77.8% to 45.1%. Nevertheless, even af-
ter the change of the assessment principle, the most 
successful students still achieved a high percentage 
score. The part of students who fluctuated between 
lower and higher quartile when assessed without co-
rrection were then less successful after the conversion.

Surprisingly, in our research the NM assessment 
proved to be more lenient than CBM in spite of the as-
sumption that students who are not sure would mark 
their answer as fairly sure, and thus would risk losing 
only 67% of a point instead of losing 100% of a point 
using NM assessment when answering incorrectly. 

It was proved that before CBM testing it is cruci-
al to acquaint students with the principle of the asse-
ssment, and let them try completing the test e.g. in 
a mock test (13).  

A significant element, which influences the re-
sults of the test, is the capability of adequate self-a-
ssessment in testees. The CBM method presupposes 
a certain level of maturity among the students, who 
should neither overestimate nor underestimate their 
knowledge. A lower self-esteem might cause a failure 
in students who would answer all test questions co-
rrectly, but marked all answers as fairly sure. This wou-
ld result in a score of 67% only. 

A balanced assessment might be acquired by lowe-
ring the passing mark by 4% to 66%, which would 
eliminate the influence of a lower self-assessment. In 
such a scenario, even students who had answered co-
rrectly but marked their answers as fairly sure would 
pass. In our research this would mean 7 more students 
passing successfully.

Another important point in a CBM test prepara-
tion is that there should be a reasonable number of 
test questions. With a lower number of test questions 
(e.g. 10) students cannot pass if they answer just one 
question incorrectly and marks it as quite sure. Instead 
of gaining 10%, 20% is subtracted, thus sending the 
student plummeting to the passing mark of 70%. The-
refore it is advisable to use minimally 40 test questions 
in the test. The optimal strategy seems to mark 28 an-
swers as quite sure and then answer the remaining 12 
test questions as unsure. This would reduce the risk of 
losing points, but simultaneously, the student would 
be aware of the areas of the subject matter they have 
not learnt sufficiently. When answering 6 questions 
marked as quite sure incorrectly (and answering the 
remaining 34 test questions correctly) the student still 
reaches the passing mark of 70%. 

Nowadays, the most preferred alternative to point 
correction is increasing the difficulty of the test questi-
ons themselves. A higher difficulty might be achieved 

by a larger number of distractors or using more co-
rrect answers. However, even such methods have their 
drawbacks.

The disadvantages of using a simple test with one 
correct answer (out of six) are also described by Ku-
binger (6). In his study, such a test was compared to 
a test with two correct answers and three distractors. 
Although his study was carried out with 8th grade stu-
dents, he generalizes his conclusions and does not re-
commend using simple tests with one correct answer. 
For a sufficient increase of the difficulty there have to 
be at least two correct answer and three to four dis-
tractors. Another drawback arises here which is the 
fact that creating such questions is more demanding 
and also reading the individual test questions beco-
mes more time-consuming for a student.   

The last option for increasing the difficulty of the 
test, and thus prevent guessing, is setting the passing 
mark higher, e.g. 80%. This method, however, is the 
least suitable, because it predominantly penalizes stu-
dents who do not guess but simply make more mis-
takes. There is a lingering issue whether to try to era-
dicate guessing in tests completely. Vaughn (14) in his 
study based on four experiments does not prove better 
results for students learning by the method of a trial 
and error i.e. by repeated attempts to pass the test in-
stead of classic learning of the subject matter.

In CBM testing, computing reliability is more de-
manding. The simplest and most frequent Kuder-Ri-
chardson’s formula cannot be used as the students are 
not assessed for the same answer uniformly (15). Due 
to the allocation of only parts of a point, the calculati-
on has to implement a split-half method or Cronbach’s 
alpha coefficient (1, 16, 17).

Thanks to a certainty based marking we are able to 
use unambiguous questions with one correct answer 
and still prevent students from passing by guessing. 
Thus we can avoid using vague or intricately concei-
ved test questions, which have to be used in the tests 
using several correct answers. Gardner-Medwin (7) 
published experience with dichotomous CBM on 345 
students of Medicine at Imperial College, and summa-
rized myths generally associated with CBM testing. 
This work describes implementation of the CBM tes-
ting in other fields than health care, and states the im-
possibility of defeating the system without knowledge 
of the testes subject matter. This is the work we have 
built our research upon. In Bereby-Meyer’s study 
(18) on American and Israeli students with four ex-
periments in a nearly identical CBM format, 27% test 
questions were skipped by the students in order not to 
lose points for a wrong answer. In our research only 
two students skipped questions; others used the opti-
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on to mark their answer as unsure and thus lost no po-
ints for their awareness of a wrong answer. Karandikar 
(19) verified suitability of the tests with one correct 
answer using subtraction of points for wrong answers. 
A penalty of 33% of the point was used; however, a sig-
nificant result was not reached. Therefore CBM testing 
uses a point deduction of 67% and 200% of the point 
value (i.e. two points) as recommended by Gardner-
-Medwin (7, 8).

LIMITATIONS
The low success rate of the test might be explained by 
the fact that this was a progress test, not a final test 
which would be a prerequisite to continue the studies 
in the successive semester. Therefore the students 
were not motivated enough to prepare sufficiently. 
Also, it was the very first test the students took du-
ring their bachelor studies. The found results might 
have been influenced by the students’ previous ex-
perience from secondary schools (familiarity with 
electronic testing, difficulty of testing). 

CONCLUSIONS
At the first sight, the CBM testing might seem a bit 
harsh; nonetheless, if they had mastered the subject 
matter, they would have been successful. A significant 
benefit, compared to other correction mechanisms, is 
a higher stratification of results due to the extent of 
unconscious mistakes and guessed answers. The sys-
tem is particularly suitable for assessing mastery of key 
knowledge when testing large numbers of students. In 
addition, the system serves as a self-assessment and 
self-education tool. CBM testing proved to have dra-
matically decreased the success rate of the students 
who were not properly prepared for the test. Without 
the correction, students’ results exceeded 50% using 
sheer guessing, which is a great threat to dichotomous 
test questions. Instruction about the CBM system be-
fore the test itself is crucial, as was clearly shown du-
ring the piloting stage.
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