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Background: Multiple-choice questions (MCQs) with number right scoring (NRS) are now the most preferred assessment method in
medical education, which requires program holders to ensure their fairness for profound decision-making and policy arrangements.
Including certainty-based marking (CBM) in MCQ exams is suggested to help better distinguish students and thus increase the validity
of assessments. This study aims to integrate CBM into MCQ assessments using a relatively new scoring matrix to assess pass/fail rates
and exam scores.

Methods: Students in their second year of medical school participated in ten different CBM-MCQ exams. Questions were scored
twice: first, traditionally using the NRS, and second, using the CBM (based on correctness and a self-report certainty scale), yielding
two different final scores for each student. Exam scores and pass/fail rates were compared using paired t-tests and McNemar tests,
respectively.

Results: A total of 935 students in 10 different exams were included in the study. CBM scores were significantly lower than NRS
scores (0.82 points; P<0.001). There was a significant shift in the pass/fail classifications (P<0.001). Overall, 34 out of 141 NRS
failures (24.1%) passed under CBM, while 85 (10.7%) of the 794 students who passed under NRS failed under CBM. This significant
shift was also reported in 5 of 10 exams (P<0.05). Additionally, there was a trend towards worsening scores in CBM compared to
NRS. Students with “A” grades decreased from 8.4% to 4.7% while students with “D” grades increased from 15.1% to 20.5%.
Conclusion: CBM yields significantly different scores compared to NRS, as evidenced by distinct pass/fail rates, suggesting the
potential for a better assessment tool. Further studies with different types of assessments are needed to validate this method in terms of
reducing cheating and guesswork. However, replacing CBM with conventional scoring methods requires further evidence and
consideration.
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Introduction

Profound decision-making is among the most critical skills of any physician. Considering the benefits and consequences,
clinical decisions should be made with the appropriate confidence and certainty to minimize adverse outcomes and
patient harm.'™ Clinicians should be able to learn profound decision-making during their medical training, and thus,
medical schools are responsible for training doctors who are both knowledgeable and capable. They should be able to
educate and assess students carefully. Assessment is a critical step in medical education that requires validity and
fairness.” It allows instructors to provide necessary feedback to modify ongoing learning and teaching and help learners
achieve their intended educational goals.® Assessment is shifting toward systems of assessment, rather than relying on
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summative/formative measurements or stand-alone evaluations.” There are two main types of assessment: formative,
which often occurs during the course, and summative, which typically appears as final exams and usually provides
learners with a numerical score and limited feedback at the end of the course.® To date, multiple-choice questions
(MCQs) are preferred for assessing knowledge and applied knowledge, typically with positive markings and no penalties
for incorrect answers, which is known as the number right scoring (NRS) method.’ "

Numerous studies on student assessment and MCQ exams have tried to find the most qualified types. Based on a recent
study, MCQ exams have low discriminative power in high-score students.'* Additionally, one critical challenge in MCQ
exams is the presence of guesswork or partial knowledge, which means possessing some correct information about a given
question but being unable to identify the correct response.'” Partial knowledge can compromise the reliability of exams if we
do not care enough.'®'® All together, these issues risk MCQ’s validity and were the initial driver of the notion of certainty-
based marking (CBM)."? Asking students to state their certainty in their answers changes the forced-choice assessment to
measure self-awareness.”’ Considering the certainty level in the scoring process during examinations may better assess the
actual capacity of students, and it is helpful during self-monitoring and clinical practice assessment.>’ Thus, some experts
believe that program holders should integrate CBM into MCQ exams in medical schools.

Dressel and Schmid were the first to suggest certainty assessment in exams, although Gardner-Medwin was the first to
officially integrate CBM into MCQs in 1994.%*** Many authors, including Gardner, have employed a three-level certainty
rate; however, the scoring matrix has been a matter of discussion.'***2° A study by Schoendorfer et al investigating the use of
CBM in formative assessments in Australia revealed that students have positive attitudes toward CBM and the decision-
making process. However, they still did not prefer to take the exam in CBM format, despite not counting in the final results.
Additionally, they did not investigate or compare the results with the standard method.*® In a different study by Ghadermarzi
et al, using certainty-based assessment, student satisfaction was estimated to be acceptable, and certainty-based assessment
was shown to be more fair, effective, authentic, and precise in estimation, as well as having higher construct validity, compared
to conventional MCQ exams. They concluded that this method simulates the reflection for deeper learning among the
students.”” Evaluating the certainty of responses, along with their correctness, through CBM has been shown to accurately
distinguish between partial knowledge and the need for guesswork in MCQs in similar studies.” "

Although many studies have attempted to evaluate various aspects of CBM, the effect of this method on pass/fail rates
has not been extensively studied recently and remains a topic of debate. In the current study, we attempted to use
a relatively new scoring matrix to analyze trends in pass/fail rates and exam scores, which may provide an additional
discriminating factor for distinguishing students based on their competencies. Additionally, we aimed to conduct a brief
student survey to examine participants’ perceptions of CBM, focusing on its alignment with the study’s educational
objectives, specifically self-assessment accuracy and exam-related confidence.

Materials and Methods
Study Design and Setting

The current study was designed as a quantitative, longitudinal cohort study. Ten exams were designed, each containing
a different number of questions, all with four options, only one of which was correct. The total time assigned to each
exam was 90 seconds per question. All questions for the ten exams differed and took place in the Preventive and
Community Medicine Department at Tehran University of Medical Sciences.

To apply CBM, certainty levels are categorized as low, moderate, or high. Due to the potential need for extra time to
estimate certainty, we added 15 seconds per question to the total exam time. We scored each question differently based on
the correct answer and certainty levels demonstrated in Table 1. All students were clearly informed of the scoring matrix
at the beginning of the semester and again before each exam, as recommended by Rippey et al.”!

Ethical Considerations

The Ethics Committee of the Tehran University of Medical Sciences reviewed and approved the study (approval number: IR.
TUMS.MEDICINE.REC.1400.345). Participation was voluntary, with no academic rewards or consequences linked to
involvement. Prior to examinations, all students received a comprehensive lecture covering the study’s objectives, procedures,
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Table 1 Scoring Matrix

Answer Certainty Level No Response

Low | Moderate | High

Mark, if correct +1 +2 +3 0

Penalty, if incorrect | 0 =1 -2 0

confidentiality measures, and data use. Informed consent was initially obtained orally at the beginning of the semester,
allowing for questions before consenting to participation. A second instance of consent was obtained at the beginning of each
exam. Students were allotted a minimum of five minutes to reevaluate their participation. Data were anonymized prior to
analysis to maintain participant confidentiality.

Participants

We conducted this study with different groups of second-year medical students at Tehran University of Medical Sciences, who
were enrolled in the “Principles of Epidemiology” course during the fall semester of 2021 (from September 22, 2021, to
January 19, 2022). We trained them all from the beginning of the semester, and informed consent was obtained through the
software. Every student had the option to take the exam with a recording of certainty or in the regular form. In the window
where this consent appeared before entering the exam page, extra time for the exam with certainty recording was emphasized,
and the aims and study protocol were also explained. Students could choose to participate in the certainty method, agree to the
terms, or participate in the regular format; however, all of the students chose the certainty method for each exam. Eventually,
the results of these assessments did not contribute to progression decisions, and the information on students’ responses, as well
as certainty levels, was reported to each student as feedback. We kept all personal information confidential and used only exam
results in the data analysis, without disclosing any details about each student. The Tehran University of Medical Sciences
ethics committee approved this study by the “IR.TUMS.MEDICINE.REC.1400.345” code of ethics. All obtained data was
stored on the online platform and used anonymously, without disclosure of students’ identities or any other personal
information. Only the three authors of the current manuscript had access to these data, which were restricted.

Assessment Platform

We designed a specific online assessment platform to meet the requirements of our study, including assessing participants’
certainty levels in answering questions while addressing the security issues associated with online exams. Each student had
a unique username and password. As mentioned earlier, the questions had four options; one was correct. After choosing an
answer and before going to the next question, a pop-up query appears in the window asking about the certainty level with
the three options mentioned earlier. According to the software design, after answering a question or running out of time for
each question, there was no way to return and review it again. The order of the questions and the choices for each question
were randomly generated in the software for each student in each exam. With no permission to review previously answered
questions and a random order of questions and answers, the probability of cheating during the exam could be decreased.
These regulations were all made in accordance with TUMS’s administrative protocols for virtual examinations during the
pandemic. We recorded all students’ login and exam details on the server for further evaluation. All exams were taken in
person, using computers at the Faculty of Medicine, under the supervision of trained staff.

Student Survey

At the end of each exam, a voluntary survey was administered to participants using the designed software, comprising 20 items
that assessed students’ attitudes toward this new method. A group of experts at the university’s medical education center first
designed this survey. Then, several other experts were asked to review the survey questionnaire for face validity and to assess
the necessity of the primary version. After implementing the suggestions, a pilot study involving 26 volunteer students was
conducted, and Cronbach’s alpha coefficient was calculated for the final questionnaire, which exceeded 0.6, indicating
reliability. The pilot’s response data was not included in the study results. In total, students’ responses to the survey questions
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ranged from 401 to 422, with minimum and maximum response rates for each item. The response rate to the survey items was
approximately 60%. Participating in this survey was not mandatory in the software.

Data Collection and Statistical Analysis

Unlike regular scores that are calculated out of 20, the range, mean, and standard deviation (SD) of the CBM scores
depend on the number of questions. Therefore, the scores were computed based on the following formula on a scale of 20
(Formula 1- Calculating CBM scores).

(Scores calculated using the scoring matrix) + [2 X (Number of Questions)]

4
(Number of Questions) %

Thus, both scores were scaled from 0 to 20 and were comparable, considering “10” as the pass/fail threshold. This
was due to the traditional passing threshold for final exams at TUMS; thus, according to university regulations, we had to
apply it to the current study as well. To address this traditional limitation, grades were classified for further analysis into
four categories: “A” for scores of 17<, “B” for scores between 14< and <17, “C” for scores between 10< and <14, and
“D” for scores <10.

We compared mean scores using the paired ¢-test and pass/fail and A-D grade rates using the McNemar test. Kappa
statistics were used to find the agreement between the two methods. We analyzed all data using Statistical Package for
Social Sciences (SPSS) version 25.0, and P values less than 0.05 were considered statistically significant.

Results

In total, during the semester, 1078 Iranian and International students took the exams. Data from students who answered
more than half of the questions were used in the analysis to draw robust conclusions. Data from students who answered
fewer than half of the exam or survey questions were omitted to avoid potential student ignorance and possible bias in the
results. Thus, 935 students across the 10 exams were included in the data synthesis. The number of students who
participated in each exam varied from 28 to 144. This was due to the different number of students in each presented class.
All students of each class participated voluntarily, and no selection bias occurred.

Exam Scores

The mean scores obtained in the NRS and CBM were 13.09 (2.89) and 12.27 (2.73), respectively, and the difference was
statistically significant (P < 0.001). Except for one exam (number 10, P=0.568), all exams showed statistically
significantly lower mean scores in the CBM than in NRS. In addition, a positive and strong correlation was observed
in the total (r = 0.885) and each of the ten exams (correlation range: 0.522-0.913) (Table 2).

Pass and Fail Rates

Out of 935 students in 10 different exams, 794 (84.4%) passed using the NRS method, while 85 (9.1%) failed using the
CBM method. On the other hand, of the 141 students who failed the NRS method, 34 (3.6%) passed using the CBM
method. This result was statistically significant (P < 0.001). Five of the 10 exams also showed statistically significant
differences regarding changes in pass/fail rates (Table 3). Kappa statistics indicated positive agreement in the total
(56.7%) and in each of the ten exams, except for exam number two (—5%) and exam number five (8.7%).

Grade Classifications

Grades in both CBM and NRS were categorized as mentioned in the methods above. There is an overall trend toward
worsening students’ grades in CBM score categorization. According to Kappa statistics, there was a positive agreement
in the total (44%) and each of the ten exams, except for exam number two (—8.5%) and five (—2.2%), which is similar to
previous results regarding the pass/fail analysis [(P<0.001) except for exams number two and five (P=0.618 and 0.851,
respectively)]. The detailed comparison is presented in Table 4.
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Table 2 Comparison of CBM and NRS Scores

Exam Score Difference | P value | Correlation | P value
CBM NRS
Total Number 935 935 —0.82 <0.001 0.885 <0.001
Mean (SD) 12.27 (2.73) 13.09 (2.89)
Median (IQR) 12.2 (10.4-14.12) 13.33 (11.2-14.91)
Mode (Range) 12 (4.16-20) 12 (5.33-20)
| Number 129 129 -1.07 <0.001 0.934 <0.001
Mean (SD) 11.57 (2.71) 12.64 (3.02)
Median (IQR) 11.47 (9.6-13.07) 12 (10.67-14.67)
Mode (Range) 12 (5.6-19.47) 12 (6.67-20)
2 Number 28 28 —-0.6 0.048 0.522 0.004
Mean (SD) 9.89 (1.44) 10.49 (1.66)
Median (IQR) 9.76 (8.84—10.96) 10.4 (9.6-11.2)
Mode (Range) 9.44 (7.36-12.96) 11.2 (5.6-14.4)
3 Number 28 28 -0.97 0.001 0.851 <0.001
Mean (SD) 10.29 (2.59) 11.26 (2.53)
Median (IQR) 10.88 (8.72-11.8) 12 (9.6-13.4)
Mode (Range) | 11.52 (4.16—15.04) 12 (6.4-15.2)
4 Number 29 29 —-1.36 <0.001 0.795 <0.001
Mean (SD) 8.66 (2.04) 10.01 (1.94)
Median (IQR) 8.64 (7.52-9.68) 9.6 (8.8-11.2)
Mode (Range) 4.8 (4.8-12.96) 8.8 (7.2-14.4)
5 Number 32 32 —-1.28 <0.001 0.837 <0.001
Mean (SD) 9.61 (1.81) 10.88 (1.71)
Median (IQR) 9.19 (8.6-10.52) 10.67 (9.95-11.62)
Mode (Range) 9.14 (5.24-13.62) 10.67 (7.33-14.95)
6 Number 144 144 -1 <0.001 0.814 <0.001
Mean (SD) 11.69 (1.84) 12.69 (2.1)
Median (IQR) | 11.73 (10.47-13.07) 13.33 (12-14.67)
Mode (Range) 12 (5.6-16.27) 12 (5.33-17.33)
7 Number 144 144 —0.68 <0.001 0913 <0.001
Mean (SD) 13.48 (2.18) 14.16 (2.39)
Median (IQR) 13.4 (12-14.8) 14 (13-16)
Mode (Range) 12 (6.8-20) 15 (7-20)
(Continued)
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Table 2 (Continued).

Exam Score Difference | P value | Correlation | P value
CBM NRS
8 Number 140 140 -1.09 <0.001 0.843 <0.001
Mean (SD) 13.48 (1.92) 14.57 (2.02)
Median (IQR) | 13.41 (12.29-14.35) | 14.59 (13.41-15.76)
Mode (Range) | 14.12 (6.82-19.29) 14.59 (8.71-20)
9 Number 129 129 -0.97 <0.001 0912 <0.001
Mean (SD) 11.44 (2.73) 12.4 (3.08)
Median (IQR) 11.2 (9.33-13.07) 12 (10.67-14.67)
Mode (Range) 9.33 (5.6-19.47) 12 (6.67-20)
10 Number 132 132 0.1 0.568 0.829 <0.001
Mean (SD) 14.17 (2.68) 14.07 (3.43)
Median (IQR) 14.18 (12-16) 13.09 (11.27-16.73)
Mode (Range) 15.27 (5.09-20) 13.09 (5.82-20)
Table 3 Pass-Fail Rates of the Students Based on CBM and NRS
Exam Score CBM P value Kappa
Pass Fail Total (McNemar)
Total NRS | Pass | 709 (75.8%) | 85 (9.1%) 794 (84.9%) <0.001 0.567
Fail 34 (3.6%) 107 (11.4%) | 141 (15.1%)
Total | 743 (79.5%) | 192 (20.5%) | 935 (100%)
[ NRS | Pass 89 (69%) 13 (10.1%) | 102 (79.1%) 0.007 0.694
Fail 2 (1.6%) 25 (19.4%) | 27 (20.9%)
Total | 91 (70.5%) 38 (29.5%) 129 (100%)
2 NRS | Pass 8 (28.6%) 10 (35.7%) 18 (64.3%) 0.302 -0.05
Fail 5 (17.9%) 5(17.9%) 10 (35.7%)
Total | 13 (46.4%) 15 (53.6%) 28 (100%)
3 NRS | Pass 16 (57.1%) 4 (14.3%) 20 (71.4%) 0.375 0.607
Fail | (3.6%) 7 (25%) 8 (28.6%)
Total | 17 (60.7%) Il (39.3%) 28 (100%)
4 NRS | Pass 6 (20.7%) 7 (24.1%) 13 (44.8%) 0.016 0.486
Fail 0 (0%) 16 (55.2%) 16 (55.2%)
Total | 6 (20.7%) 23 (79.3%) 29 (100%)
(Continued)
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Table 3 (Continued).

Exam Score CBM P value Kappa
Pass Fail Total (McNemar)
5 NRS | Pass 8 (25%) 15 (46.9%) 23 (71.9%) 0.002 0.087
Fail 2 (6.3%) 7 (21.9%) 9 (28.1%)
Total | 10 (31.3%) | 22 (68.8%) 32 (100%)
6 NRS | Pass | 114 (79.2%) | 16 (11.1%) | 130 (90.3%) 0.052 0.34
Fail 6 (4.2%) 8 (5.6%) 14 (9.7%)
Total | 120 (83.3%) | 24 (16.7%) 144 (100%)
7 NRS | Pass | 136 (94.4%) 4 (2.8%) 140 (97.2%) 0.125 0.654
Fail 0 (0%) 4 (2.8%) 4 (2.8%)
Total | 136 (94.4%) 8 (5.6%) 144 (100%)
8 NRS | Pass | 134 (95.7%) 1 (0.7%) 135 (96.4%) | 0.793
Fail 1 (0.7%) 4 (2.9%) 5 (3.6%)
Total | 135 (96.4%) 5 (3.6%) 140 (100%)
9 NRS | Pass | 85 (65.9%) 14 (10.9%) | 99 (76.7%) 0.013 0.673
Fail 3 (2.3%) 27 (20.9%) 30 (23.3%)
Total | 88 (68.2%) | 4l (31.8%) 129 (100%)
10 NRS | Pass | 113 (85.6%) | (0.8%) 114 (86.4%) 0.001 0.307
Fail 14 (10.6%) 4 (3%) 18 (13.6%)
Total | 127 (96.2%) 5 (3.8%) 132 (100%)
Table 4 Comparison of the Score Categories
Exam Score CBM Kappa | P value
A B C D Total
Total NRS A 36 (3.9%) 41 (4.4%) 2 (0.2%) 0 (0%) 79 (8.4%) 0.44 <0.001
B 8 (0.9%) 133 (14.2%) | 147 (15.7%) 0 (0%) 288 (30.8%)
C 0 (0%) 26 (2.8%) 316 (33.8%) | 85 (9.1%) | 427 (45.7%)
D 0 (0%) 0 (0%) 34 (3.6%) 107 (11.4%) | 141 (15.1%)
Total | 44 (4.7%) | 200 (21.4%) | 499 (53.4%) | 192 (20.5%) | 935 (100%)
| NRS A 4 (3.1%) 10 (7.8%) 0 (0%) 0 (0%) 14 (10.9%) 0.486 <0.001
B 0 (0%) 8 (6.2%) 17 (13.2%) 0 (0%) 25 (19.4%)
C 0 (0%) 1 (0.8%) 49 (38%) 13 (10.1%) | 63 (48.8%)
D 0 (0%) 0 (0%) 2 (1.6%) 25 (19.4%) | 27 (20.9%)
Total | 4 (3.1%) 19 (14.7%) | 68 (52.7%) 38 (29.5%) 129 (100%)
(Continued)
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Table 4 (Continued).

Exam Score CBM Kappa | P value
A B C D Total
2 NRS A 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) —0.085 0.618
B 0 (0%) 0 (0%) | (3.6%) 0 (0%) 1 (3.6%)
Cc 0 (0%) 0 (0%) 7 (25%) 10 (35.7%) 17 (60.7%)
D 0 (0%) 0 (0%) 5 (17.9%) 5 (17.9%) 10 (35.7%)
Total 0 (0%) 0 (0%) 13 (46.4%) I5 (53.6%) 28 (100%)
3 NRS A 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0.536 0.001
B 0 (0%) 1 (3.6%) | (3.6%) 0 (0%) 2 (7.1%)
C 0 (0%) 1 (3.6%) 13 (46.4%) 4 (14.3%) 18 (64.3%)
D 0 (0%) 0 (0%) | (3.6%) 7 (25%) 8 (28.6%)
Total 0 (0%) 2 (7.1%) 15 (53.6%) Il (39.3%) 28 (100%)
4 NRS A 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0.421 0.006
B 0 (0%) 0 (0%) | (3.4%) 0 (0%) 1 (3.4%)
C 0 (0%) 0 (0%) 5(17.2%) 7 (24.1%) 12 (41.4%)
D 0 (0%) 0 (0%) 0 (0%) 16 (55.2%) 16 (55.2%)
Total 0 (0%) 0 (0%) 6 (20.7%) 23 (79.3%) 29 (100%)
5 NRS A 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) -0.022 0.851
B 0 (0%) 0 (0%) 3 (9:4%) 0 (0%) 3 (9:4%)
C 0 (0%) 0 (0%) 5 (15.6%) 15 (46.9%) 20 (62.5%)
D 0 (0%) 0 (0%) 2 (6.3%) 7 (21.9%) 9 (28.1%)
Total 0 (0%) 0 (0%) 10 (31.3%) 22 (68.8%) 32 (100%)
6 NRS A 0 (0%) 2 (1.4%) 0 (0%) 0 (0%) 2 (1.4%) 0.272 <0.001
B 0 (0%) 10 (6.9%) 26 (18.1%) 0 (0%) 36 (25%)
Cc 0 (0%) | (0.7%) 75 (52.1%) 16 (11.1%) | 92 (63.9%)
D 0 (0%) 0 (0%) 6 (4.2%) 8 (5.6%) 14 (9.7%)
Total 0 (0%) 13 (9%) 107 (74.3%) | 24 (16.7%) 144 (100%)
7 NRS A 8 (5.6%) 13 (9%) | (0.7%) 0 (0%) 22 (15.3%) 0.505 <0.001
B 0 (0%) 41 (28.5%) 25 (17.4%) 0 (0%) 66 (45.8%)
Cc 0 (0%) 2 (1.4%) 46 (31.9%) 4 (2.8%) 52 (36.1%)
D 0 (0%) 0 (0%) 0 (0%) 4 (2.8%) 4 (2.8%)
Total | 8 (5.6%) 56 (38.9%) 72 (50%) 8 (5.6%) 144 (100%)

(Continued)
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Table 4 (Continued).

Exam Score CBM Kappa | P value
A B C D Total
8 NRS A 5 (3.6%) 2 (1.4%) 0 (0%) 0 (0%) 7 (5%) 0.391 <0.001
B 0 (0%) 41 (29.3%) | 47 (33.6%) 0 (0%) 88 (62.9%)
C 0 (0%) 2 (1.4%) 37 (26.4%) 1 (0.7%) 40 (28.6%)
D 0 (0%) 0 (0%) 1 (0.7%) 4 (2.9%) 5 (3.6%)

Total | 5(3.6%) | 45(32.1%) | 85(60.7%) | 5(3.6%) | 140 (100%)

9 NRS | A | 3(23%) 10 (7.8%) 0 (0%) 0 (0%) 13 (10.1%) | 0488 | <0.001
B I (0.8%) 8(62%) | 14 (10.9%) 0 (0%) 23 (17.8%)
C 0 (0%) | (0.8%) | 48 (37.2%) | 14 (10.9%) | 63 (48.8%)
D 0 (0%) 0 (0%) 3(23%) | 27 (209%) | 30 (23.3%)

Total | 4 (3.1%) | 19 (147%) | 65 (504%) | 41 (31.8%) | 129 (100%)

10 NRS | A | 16(121%) | 4(3%) | 0.8%) 0 (0%) 21 (159%) | 0372 | <0.001
B 7 (53%) | 24(182%) | 12 (9.1%) 0 (0%) 43 (32.6%)
C 0 (0%) 18 (13.6%) | 31 (23.5%) | (08%) | 50 (37.9%)
D 0 (0%) 0 (0%) 14 (10.6%) 4 (3%) 18 (13.6%)

Total | 23 (17.4%) | 46 (348%) | 58 (43.9%) | 5(3.8%) | 132 (100%)

Student Survey

A total of 422 out of 935 participants answered at least one question in an anonymous online survey containing 20 items
that assessed students’ attitudes toward the NRS and CBM examination methods regarding the accuracy and fairness of
the assessment. The majority of students were somewhat optimistic about the current study and CBM method, indicating
the following agree or strongly agree with the items:

Importance of accurately assessing students’ knowledge (85.5%)

Reflecting students’ competencies in their exam scores (88.6%)

The necessity of using novel methods in assessment (74.1%)

Increasing the quality of the study by using novel assessment methods (72.1%)
Correlation of the certainty level in the answers to the extent of knowledge (72.0%)
Correlation of uncertainty to the guesswork in MCQs exams (65.6%)

The importance of assessing the certainty levels of students in MCQs exams (63.5%)
Dependence of higher scores on students’ eligibility (51.2%)

A e R el e

Simplicity of determination of certainty level in the exams (59.2%)
Fairness of CBM in final scores of MCQ exams (48.8%)

._.
e

The majority of students’ opinions, as agree or strongly agree, about the scoring matrix in CBM were the following:

1. Assigning no penalties to incorrect high-, moderate-, and low-certainty answers (67.1%, 77.2%, and 85.5%,
respectively)
2. Assigning one positive mark to correct answers with low certainty (56.5%)
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3. Assigning two positive marks to correct answers with moderate certainty (38.5%)
4. Assigning three positive marks to correct answers with high certainty (53.8%)

Discussion

In the current study, we scored answers based on students’ self-report certainty levels using a relatively novel scoring
matrix. Although several studies have investigated CBM and its outcomes, the effect on pass/fail classification has
received little attention. Unlike a recent study,> CBM scores were 0.82 points lower than NRS scores in total, and this
difference was statistically significant (P < 0.001). Similar results were observed in nine out of ten exams, with only one
exam showing a CBM score that was better than the NRS score, but the difference was insignificant. These differences
could be attributed to the students’ varying levels of uncertainty about their answers. However, despite these significant
differences, their importance and indications are still debated, as the differences are mostly less than a single point on
a scale of 20. As previously mentioned in the results, there was a strong, positive correlation in the total and in each of
the ten exams (r > 0.8), except for exam number two, which may be due to the small number of participants and possibly
greater student uncertainty when answering the questions.

In addition, the findings suggest that CBM better distinguished the students’ pass/fail rates over NRS (P < 0.001). The
agreement was positive overall and for each of the exams, except for exam number two. As mentioned previously, this might
be possible due to the limited number of participants and the students’ uncertainty in answering the questions. In addition,
exam five had a relatively low Kappa, unlike the other exams. Similar results were observed when categorizing scores into
A-D, with a positive, significant Kappa (P < 0.001), except for exams 2 and 5, which were negative and insignificant. This
trend further supports the previous results, suggesting possible cheating and guesswork in MCQ exams. These aligned results
highlight the nature of CBM results, which are independent and tend to favor large-scale competitive examinations.

Although these results cannot be robustly interpreted as an advantage of CBM, since no gold-standard assessment tool
was used, our analyses suggest that, in standard exams, some students who pass may rely on guesswork and may not
know the correct answer. On the other hand, some students who fail probably have the necessary qualifications to pass.
Therefore, if we mark them based on certainty levels, it appears that more qualified students tend to pass, while those
who might not have the correct answer and try to guess tend to fail more often. However, to prove this, we will need at
least another assessment of the students’ competencies.

We also attempted to minimize guesswork for students by assigning no negative penalties for incorrect answers with
low certainty. Otherwise, choosing answers randomly would be irrational, as it would result in negative marks. Smrkolj
et al applied this idea, which was absent in several other CBM studies.’® For instance, Wu et al assign no positive or
negative marks for questions without certainty; we believe this might lead to leaving questions blank if candidates do not
know the answers for sure.®> Gardner-Medwin also suggested this idea in a chapter in Bryan’s book. However, his
scoring matrix contained more negative penalties for incorrect high-certainty answers than positive marks for correct
high-certainty answers, which we believe can lead students to avoid high-certainty levels and make our methodology in
the current study”* uncertain. A similar strategy was deployed in a study by Barr et al,>* who assigned no negative marks
to incorrect low-confidence answers but two and four negative penalties for medium- and high-confidence wrong
answers, respectively. They concluded that the correlation between the number of correct answers and the CBM score
(high, medium, low) was significant. We believe this correlation is mainly due to the exponentially high negative
penalties, which may result in overly conservative confidence choices, leading to bias.

In a similar study in 2013, Curtis et al categorized incorrect answers into two groups: misinformed and uninformed,
corresponding to high- and low-confidence responses, respectively. The results indicated that students were more
misinformed than uninformed (22% versus 8%), and misinformed responses were more common in complex than factual
questions.”® Similar results were obtained by Tweed et al, who found that incorrect answers with high certainty were
more likely to be unsafe in real-world practice than those with low or moderate certainty. They also indicated a positive
correlation between high certainty and correct answers.>> Tabibzadeh et al agreed with previous results that higher-
performing students were more confident in their answers and more efficient at providing correct answers than lower-
performing students. However, their efficacy was worse in incorrect answers. In addition, male students tend to be less

confident.?!

2142  hees Advances in Medical Education and Practice 2025:16



Rashidi et al

In several studies, CBM has been used as a formative assessment to evaluate learning and teaching, and has been
found beneficial for student-instructor interaction. The participants engaged more deeply with the quality of the
course.*>” However, in the current study, students were less likely to participate in CBM and considered it too strict,
according to the student survey. Similar results were reported in previous studies, suggesting that program holders must
better demonstrate the necessity and benefits of innovative assessment methods in medical schools in the future.?®®

CBM and the scoring matrix used in the current study can be applied to other exam formats, such as practical or
structured written assessments, with some adaptations. For instance, in practical exams, examiners could define some
“must not answer” questions, resulting in greater negative marks due to the potential dangers in clinical care. Similar
methods could be implemented in other exam formats.

Additionally, students’ perceptions in this cohort offer critical insights into the feasibility of large-scale implementa-
tion of CBM. Students found CBM acceptable when its rationale and scoring criteria were clearly articulated, and when
practice opportunities were offered before the summative assessment. Several perceived benefits were identified: CBM
promoted reflection on confidence calibration rather than default guessing; it rendered uncertainty explicit, which
students noted was more aligned with clinical decision-making; and it provided a transparent framework that rewarded
well-justified answers without disproportionately penalizing honest uncertainty. Students appreciated the direct interpret-
ability of certainty levels while assessing their performance, which aligns with a recent study.*

Concerns focused on equity and cognitive demand. Certain students expressed concern that miscalibrated confidence
might lead to lower scores despite sufficient content knowledge, particularly during the initial stages of learning.
Participants reported heightened time pressure due to the additional requirement of selecting a certainty level. At the
same time, a small subset voiced concerns about the risk of “double jeopardy”, which involves the possibility of being
both incorrect and overly confident. The observed concerns lessened with increased exposure and a focused orientation,
indicating that the quality of implementation, especially in briefing, exemplars, and formative practice, is crucial.

Collectively, these perceptions indicate that adoption is viable under specific conditions; preparation involves concise,
structured training that includes worked examples and low-stakes practice; clarity requires simple, prominently displayed
rules and consequences associated with certainty options; support entails providing feedback that indicates where confidence
was accurately or inaccurately calibrated; and gradual roll-out consists of initial formative use or partial summative weighting
to alleviate transition anxiety. Institutions must monitor for unintended effects, such as systematic under- or over-confidence,
and adjust guidance as necessary. In this context, student feedback indicates that CBM serves as a valid and educationally
significant enhancement to MCQ assessment, contingent upon intentional implementation and adequate support.

Limitations and Future Directions

Despite using a relatively novel methodology and scoring matrix, the present study has several limitations. Initially,
despite comprising 10 MCQ examinations, variations in exam content, topic coverage, and difficulty may have
contributed to the differences observed between CBM and NRS. This heterogeneity, along with the lack of power in
some subgroup analyses, although indicative of actual assessment conditions, may diminish the comparability of
outcomes at the exam level. The study was conducted within a single cohort of second-year medical students at
a single institution, potentially limiting the generalizability of the findings to other contexts and educational settings.
This study evaluated performance solely through written multiple-choice questions, omitting assessment of other
competencies, including clinical reasoning and practical skills.

Also, differences in scores can be attributed to baseline knowledge of the participating students. Since we had no basic
information (such as GPAs or scores on their comprehensive exams), we could not compare their baseline knowledge or
randomly allocate them. Additionally, the traditional scoring system, which uses a 20-point scale, is another limitation in the
current study. To address this issue, we categorized scores. Furthermore, there was limited data on the detailed certainty levels
and answer rates of questions, which, separately, prevented us from conducting more detailed and complex analyses.

Future studies with larger samples and different question types, rather than MCQs, are needed to evaluate CBM’s
validity, reliability, discrimination power, and its correlation with higher-performing students, and to identify the optimal
scoring matrix for CBM. CBM also provides a clearer view of the pass/fail threshold, which warrants further investiga-
tion in the future, at the very least by considering an assessment of competencies for comparison.
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Conclusion

CBM yielded superior mean scores, pass rates, and discrimination indices relative to traditional NRS in the present study.
Our findings suggest that integrating certainty judgments into MCQ assessments could improve the diagnostic value and
interpretive depth of exam results by incentivizing well-calibrated confidence and deterring random guessing.
Nonetheless, due to the variability noted across examinations and the single-institution framework, the results warrant
careful interpretation. Additional research, preferably incorporating multiple institutions and comparisons with external
competency measures (eg, OSCEs or standardized progress tests), is necessary to validate the effectiveness and general-
izability of CBM in medical education. In addition, examiners can utilize the platform designed for the current study in
various sections of university assessments, including class quizzes and final exams. Even comprehensive exams, such as
University Entrance Exams and USMLE steps, could be taken for credit in the future. However, replacing CBM with
conventional scoring methods requires further evidence and consideration.
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