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Abstract  One aim of testing medical students is to assess their level of knowledge. Another aim of examinations 
is that they can help to enhance the storage in memory for a longer time, at best, till they are in clinical practice. 
There is some debate what format of online examinations can be more useful to attain these aims. Here, in a 
formative online test, we compared single-answer items (SC) with multiple-select items (MS) for the very same 
learning objectives in a study of pharmacology in medical students. Medical students were randomly divided into 
two groups: group A was first given 15 SC (#1-15) followed by 15 different MS (#16-30). The opposite design was 
used for group B. One year later, four groups were formed from the previous two groups and were again given the 
same online test, but in a different order of questions. The main result was that all students fared better in the second 
test than in the initial test. But in the second test, students fared better when in the first test the same 15 items were 
asked in the MS mode than in the SC mode. In summary, we provide evidence that MS is better for knowledge 
retention over one year than SC. We speculate that MS is useful in formative tests to prepare students for any type of 
examination. 
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1. Introduction 

Single best answers (single-answer or single-choice  
or SC, in which exactly one of, in the present context,  
five answers is known to hold true, generally called 
selective-response-formats) [1,2] are the classical tools 
used in medical examinations for medical students and 
postgraduate medical education in many countries. SC 
offers high levels of standardization, transparent marking, 
and the ability to test a wide range of knowledge in the 
available time. The SC format is easily electronically 
marked, stored and retrieved and is thus cost-effective. 

However, there remain doubts whether SC offer the 
best option to encourage deep learning or whether SC 
simply leads to superficial learning or cramming [3,4]. 
Moreover, cueing is always a drawback in the SC format 
[5]. For instance, in our present study there is at least a  
20% chance of guessing, because five answer options 
were given; in general, the chance of guessing will be 1/n 
x 100 in % if n-answer options are given and thus 
diminished if more and more answers are presented. A 

hypothetically better way to assess knowledge lies in true 
multiple-answer questions in which one or more answers 
can be correct and the student is not aware of how many 
correct answers are to be anticipated (multiple-select items 
question format) [1,6,7]. The multiple-select items (MS) 
format belongs to the class of multiple response questions 
also known as selected response items, multiple mark 
items, or multiple-answer questions (for a review, see [2]). 
The MS format would not make guessing impossible but 
less probable: in the present study, for instance, four 
answer options were offered to each question and students 
were instructed that one, two, three or four correct 
answers were to be expected and no partial credit would 
be given. Hence, the guessing would be one in 15 possible 
answer options, reducing guessing to about 6.7%. 
Alternatively to MS, open questions would make guessing 
even more demanding but open questions require 
manually reviewing each test and are thus labor-intensive 
and not very easy to implement in many institutions, also 
in our hands [8,9,10,11]. In contrast to open questions, 
multiple-select item questions offer the advantage that 
they can be electronically marked and are thus cheaper to 
administer.  
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Here, we wanted to test both SC and multiple-select 
items question modes head-to-head in a formative online 
examination in pharmacology. Moreover, we asked the 
question of whether, one year later, these same students 
get better results if we exactly repeat these formative 
online tests (testing effect) in the very same mode (SC or 
MS). In addition, we asked whether multiple-select items 
or SC prepare examinees better for a subsequent multiple-
select item exam or a SC exam format by enhancing 
retention or speculatively inducing transfer of knowledge. 
Our present goal of increasing in memory of students has 
been claimed to be a valid research topic and has been 
identified as a gap in the medical education literature  
(e.g., [12]). Clearly, testing is beneficial for the activation 
of the memory of students [13].  

Thus, in the present work we wanted to directly compare 
the short- and long-term effects of two formats of formative 
online examination, namely SC and multiple-select items 
(MS), in pharmacology, immediately after first exposure 
of medical students to topics in pharmacology and one 
year later at the end of a three-semester pharmacology 
course. We also wanted to be able to decide which kind of 
questions are more beneficial to assess the knowledge of 
students at the time of examination and which kind of 
questions show a more pronounced testing effect. We 
hypothesized that the multiple-select items exams offer a 
better preparation for subsequent multiple-select items 
tests as well as SC tests. Our further goal was to improve 
the teaching mode for medical students, their competency 
in pharmacology and thus improve the treatment of future 
patients by these students once they have left medical 
school. 

2. Methods 

Medical students were offered eight days before the  
end of their fifth semester and the summative end of 
semester test in pharmacology (having been taught basic 
pharmacology in that semester) to partake in a formative 
online test (Figure 1A). We gave them the opportunity to 
get bonus points from the online test for their summative 
test (written SC format, under supervision, in lecture halls) 
eight days later. In order to pass the summative written 
test, students needed to provide the right answers in 60 % 
of the given questions. This was irrespective of any bonus 
points they might have earned. The questions in the 
summative test were not the same as in the online test. 
Only if they passed this 60 % threshold, the bonus points 
were used to improve their grades in pharmacology. These 
kind of bonus points are required in this context, at least in 
our institution, to achieve high participation rates of the 
eligible students in formative online tests as well as 
written formative tests, because in earlier studies without 
bonus points as few as 10 % of the eligible students took 
part and answered without motivation and little success 
[14,15]. This bonus point motivation was apparently 
successful because 200 students from 225 eligible students 
voluntarily entered the first online test (Figure 1A). Hence, 
bonus points and thus participation in the voluntary online 
test were not necessary to pass the summative test. 
Moreover, the original test takers cannot be identified by 
the data presented in this work and the students undergo 

no conceivable risk by having their formative online test 
results published by the present study, because it is 
impossible to identify any individual student from the data 
presented in the present work as only mean values of test 
results are reported here. From this we concluded in 
accordance with the local Ethics Committee that 
participation in the online test was really voluntary and 
does not raise ethical issues. Moreover, the authors 
confirm that the work was carried out in accordance with 
the Declaration of Helsinki and the anonymity of 
participants was guaranteed. Students were not aware that 
they would be given the same questions one year later in 
the subsequent formative online test. Using this approach, 
we expected to assess via these questions directly their 
memorization of the learning objectives over the course of 
a year. Two groups (A and B) were randomly formed 
when the students checked into the learning environment 
(= ILIAS software, (Figure 1A). Students were informed 
about the aims and purpose of the present study during 
lectures. They were instructed in the lectures that they 
would be offered in a random fashion, questions where 
exactly one of five answers (SC) were correct or that they 
were given four answer options to questions were one or 
up to four answers might be correct (MS). They were 
asked to inscribe electronically to one of two groups but 
were left unaware which group would offer which 
question format. By this approach, only very small 
differences in group size occurred which we regard as 
acceptable because large numbers of participants were 
reached (102 versus 98 in the groups A and B, 
respectively, Figure 1A). Using this random format, 
participants in group A (n = 102) were first given fifteen 
SC questions (i.e., one and only one out of five answers 
was right, see Figure 1B for sample questions) in 
pharmacology, followed by fifteen multiple-select 
questions (multiple-select items). In the multiple-select 
item format, four answers were presented (compare  
Figure 1B for sample format). This was done for the 
technical reasons that four answers were supported by the 
learning environment provided by our institution (ILIAS 
release 5.1.27) in the MS mode and five answers are 
required in the SC mode. The questions in the opposite 
order were given to group B (n = 98) (Figure 1A). Tests 
were taken by students at home without physical or 
electronic supervision by their educators, underscoring the 
voluntary nature of the whole present study. Ninety 
seconds at most in the mean were allocated to answer a 
test item. The software turned off after 22.5 minutes for 
the SC and multiple-select item sections such that the total 
online examination lasted 45 minutes. Students were 
technically not able to click at two answers or more in the 
SC format: this was forbidden by the software used.  

The online examination took place at the very same 
time for all 200 students (5th of February 2019 online 
from 18:00 to 20.00 h). The re-test took place at 4th of 
February 2020 again from 18:00 to 20.00 h. Groups AA, 
AB, BA and BB (Figure 1A) comprised 43, 37, 33 and 35 
students, respectively (for clarity also listed in Table 1). A 
clear advantage of online testing versus written testing 
might reside in the fact that total time taken to answer SC 
or multiple-select items questions for each student was 
automatically stored and thus could be easily analyzed in 
this study (Table 1). 
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Figure 1. (A) The initial formative online test (OT) consisted of 30 online questions in the winter semester and took place in the February of the year 
2019 (WS 2018/2019) and was given to medical students at the Medical School, Halle-Wittenberg (single answer or single choice items format: SC or 
multiple select items format: MS). Two groups, A and B, were randomly formed. Group A was online presented with 15 different single answer items 
format questions (labeled #1-15: SC#1-15) and then subsequently 15 questions in MS (labeled #16-30: MS#16-30) questions. Group B got the same 
questions but in opposite format (#1-15 = MS and #16-30 = SC). In the following winter semester in February of the year 2020 (WS 2019/2020), the 
same students were distributed in four groups (AA, AB, BA, and BB) as indicated and got the same questions but the order of questions was switched as 
indicated by the Latin letters of the group. WE, written obligatory exam. (B) Typical (in English translation: German and English version can be found 
in the supplement) questions with single choice items format (SC) and multiple-select items format (MS). Here, the correct answers are red-labeled 

A

B

B: 15 MS#1-15  

15 SC#16-30

A: 15 SC#1-15 

15 MS#16-30

SC#1-15,16-30 = MS#1-15,16-30

WS 2018/2019
Time

WS 2019/2020

BA:15 SC#1-15

15 MS#16-30

BB:15 MS#1-15 

15 SC#16-30

AB:15 MS#1-15 

15 SC#16-30

AA:15 SC#1-15

15 MS#16-30

OT WE

OT WE

Q1: Which modes of drug application 
do not bypass the first pass effect ?

A. subcutaneous
B. transdermal
C. rectal
D. sublingual
E. oral

Q1: Which modes of drug application 
bypass the first pass effect ?

A. subcutaneous
B. transdermal
C. rectal
D. oral

Q2: What are typical side effects of 
cumarins ?

A. Urinary tract infections
B. Stroke
C. Increase in levels of prothrombin
D. Teratogenicity
E. Hastened healing of bone fractures

Q2: What are typical side effects of 
cumarins ?

A. Urinary bleeding
B. Brain hemorrhage
C. Decrease in levels of prothrombin
D. Teratogenicity

Single choice  (SC) Multiple select (MS)

Et cetera … Et cetera … 
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Table 1. Summarized test results of all the investigated groups. Students in group A were first given fifteen SC items (A-SC#1-15) followed by 
fifteen MS items (A-MS#16-30). The reverse order was given to students in group B (B-MS #1-15 followed by B-SC #16-30). For the retest one 
year later, four groups have been formed (compare Figure 1A) 

Group Number of students (n) Mean points 
± SD Mean time (min:s) Cronbach’s alpha *Significance 

P values= 
A (total) 102 18.7 ± 5.5 32:31 0.86 0.1084 vs. B (total) 
B (total) 98 17.5 ± 5.3 34:17 0.84  

A-SC #1-15 102 10.0 ± 2.6 n.d. 0.64 0.1170 vs AA-SC 
A-MS #16-30 102 8.6 ± 3.5* n.d. 0.82 < 0.0001 vs. A-SC 
B-SC #16-30 98 10.9 ± 3.2* n.d. 0.79 < 0.0001 vs. A-MS 

B-MS #1-15 98 6.7 ± 2.6* n.d. 0.59 < 0.0001 vs. B-SC 
< 0.0001 vs. A-MS 

AA (total) 43 21.0 ± 6.5* 31:07 0.91 < 0.031 vs. A (total) 

AB (total) 37 22.5 ± 4.7* 25:34 0.84 < 0.0001 vs. A (total) 
BA (total) 33 22.5 ± 5.4* 26:39 0.88 < 0.0001 vs. B (total) 
BB (total) 34 21.7 ± 4.8* 28:58 0.88 < 0.0001 vs. B (total) 

AA-SC #1-15 43 10.8 ± 3.2 n.d. n.d.  

AA-MS #16-30 43 10.1 ± 3.6* n.d. n.d. < 0.0001 vs. AB-SC 
< 0.0001 vs. BB-SC 

AB-SC #16-30 37 13.1 ± 2.4* n.d. n.d. < 0.0001 vs. AA-SC 
AB-MS #1-15 37 9.4 ± 2.7* n.d. n.d. < 0.0001 vs. BA-SC 

BA-SC #1-15 33 11.8 ± 3.0 n.d. n.d.  
BA-MS #16-30 33 10.7 ± 2.7* n.d. n.d. < 0.0001 vs. AB-SC 
BB-SC #16-30 34 12.6 ± 2.4* n.d. n.d. < 0.0001 vs. BA-MS 

BB-MS #1-15 34 9.1 ± 3.0* n.d. n.d. < 0.0001 vs. BA-SC 

 
The content of the online tests included the learning 

objectives in lectures prior to the online test. Typically, 
two questions for each given lecture were constructed. 
The content stretched over the whole subject matter of 
basal and systematic pharmacology, covering topics such 
as pharmacodynamics, pharmacokinetics, autonomic 
pharmacology, antiarrhythmic drugs, drugs that lower 
blood pressure, and antibiotics (compare Figure 1B, and 
please see original questions in the original German 
version and the English translations in supplementary data 
files). All questions have been asked before in previous 
cohorts of medical students, but students were not made 
aware of that fact. The number of students who previously 
were tested with these questions amounted to 70 students 
(questions #1, 2, 3, 4, 5, 6, 7, 8, 9,10), 190 students 
(questions # 11,13, 14, 15, 16,17, 20, 21) and 239 students 
(questions # 12, 18, 19, 22, 23, 24, 25, 26, 27, 28, 29, 30) 
respectively. We selected questions with difficulty in a 
range of from 20.5 to 61.6 %. Discrimination coefficients 
ranged from 0.21 to 0.46.  

The results of the online exam were made visible for 
the students that participated using the educational 
electronic environment Stud.IP. The students were listed 
on a spreadsheet, but we did not publish their names but 
as is the case in all the examinations within the Medical 
Faculty in Halle, we only listed the student number 
(“Matrikelnummer”). As such, no one from outside the 
Medical Faculty could read the result sheets, and even 
then, they could only read the student number but not the 
name of the student and likewise, the students did not see 
the names of their fellow students in the system. 

2.1. Data Analysis 
Mean values and standard deviations or standard errors 

of the mean were calculated using Microsoft Excel (2016, 

from German distributor in Munich, Germany) and 
Student´s t-tests, analysis of variance and post hoc tests 
(with Bonferroni correction) were performed with 
Graphpad Prism 5 (San Diego, California, USA). 
Variances between the groups were checked and did not 
differ substantially which supports the application of t-
tests and analysis of variance. Cronbach’s alpha was 
calculated with IBM SPSS Statistics for Windows, 
Version 25.0. (IBM Corporation, Armonk, NY, USA 
[purchased locally from IBM, Ehningen, Germany]). By 
convention, P-values smaller than 0.05 are regarded as 
significant. Graphs were prepared with Prism 5 and 
Microsoft PowerPoint (2016, from the German distributor 
in Munich, Germany). 

3. Results 

3.1. Initial Test (See Time Line in Figure 1A) 
The mean times for taking the test (based on the 

software for the online test) are depicted in Table 1 and 
were not higher in group B than group A. The testing time 
distribution is depicted in Figure 2A-B and is much 
skewed to longer times. The total time spent on the 
questions was similar in group A and in group B (Table 1). 
In group A-SC, less time was required than in group A-
MS (= multiple-select items), but more time was required 
in group B-SC than in group B-MS (Table 1). The total 
numbers of correct answers were similar in group A and in 
group B (Table 1). The total numbers of correct answers 
were similar in the SC format in group A and in group B 
(Table 1). Likewise, the total numbers of correct answers 
were similar in the SC format in group A (#1-15) and in 
group B (# 16-30) (Table 1). The distribution of the total 
points obtained (maximum 30 points) was depicted in 
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Figure 2C and Figure 2D. In group A (and in group B), 
the SC questions were answered better than the MS 
questions. Eight out of 15 questions were answered 
correctly more often in A-SC than in B-SC 
(Supplementary Figure S1C), Direct comparison, however, 
was possible for questions #1-15 in group A-SC and 
questions #16-30 in B-SC (plotted as bars in 
Supplementary Figure S1C). In a comparison 
(Supplementary Figure S1A) of the initial part of the test 
in groups A and B in nine questions (#1, #2, #3, #5, #6, #7, 
#8, #9, #12, #13, #15), the SC format led to more correct 
answers compared to the multiple-select items format, 
which is a significant difference (Table 1).  

Comparing only the second half (Supplementary  
Figure S1B) of the questions (#16-30), questions #16, #19, 
#24, #25, #27, #28, #29, #30 were more often correctly 

answered in the SC format) than in the multiple-select 
items format (P < 0.001). This indicates that for a given 
question, multiple-select item questions are usually but 
not always more difficult to answer than SC questions. In 
more detail, in direct comparison, all pairs, with the 
exception of #22, exhibited significantly higher scores in 
SC than in multiple-select items (Supplementary  
Figure S1A). The number of negative values for  
the discrimination index was three in group A and  
two in group B (Figure 2E). Moreover, negative 
discrimination indexes were seen in four questions in the 
multiple-select items format and once in the SC format 
(Figure 2E). 

Cronbach’s alpha-values, which measure reliability, 
were listed in Table 1 and are quite high in A and B and 
lower in the subgroups A-SC, A-MS, B-SC, B-MS. 

 
Figure 2. (A, B) Distribution of time required for tests in group A (A) and group B (B). The ordinates give the number of students who required the 
time (abscissae, time in minutes) for completion of all online questions. (C, D) Distribution of points reached in the online test in WS 2018/2019 for 
group A (C) and group B (D). The ordinates give the number of students who obtained the point scores (abscissae, points) in groups A and B. In (E), the 
item discrimination indices (ordinate in E) for the test questions (abscissa) in group A and group B are given as pairwise comparison 
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3.2. Second test (see time line in Figure 1A) 
In direct comparison, mean points (correct answers) 

were always higher in the second test compared to the first 
test (Table 1), that is, in A compared to AA and AB or in 
B compared to BA and BB (Table 1). This can be clearly 
seen for each individual question comparing always the 
first two rows for each question in Supplementary  
Figure S2. Repeating SC or MS in the same order led to a 
gain of points (e.g., AA-SC vs. A-SC, see Table 1, 
Supplementary Figure S2 for individual questions). 
Likewise, total correct points in the initial online test 
(combining A and B) were surpassed in the second online 
test (combining AA and AB and BA and BB). In groups 
AB, BA, and BB (but not AA), MS was more difficult 
than the SC part in these groups (Table 1); group AA is a 
special case. There was no improvement in AA-SC versus 
A-SC and no difference between AA-SC and AA-MS. In 
all other subgroups in the second test, the performances in 
both SC and MS were higher than in the appropriate first 
test (Supplementary Figure S2). For instance, one might 
compare AB-SC and AB-MS with A-SC and A-MS 
(Table 1). Numerically, in BB-SC, the highest number of 
correct answers was obtained. 

4. Discussion 

4.1. Retrieval 
The current study suggested that MS was better for 

knowledge retention than SC using pharmacological 
questions in medical students. The retrieval of knowledge, 
which we demand from a student by giving him or her a 
test, can affect later retention: retention of a fact was 
shown to be better if it is tested at all, compared to groups 
which have not been sitting an exam, and the benefit was 
independent of corrective feedback [16]. The testing effect 
has been reviewed in some detail in terms of its general 
importance in human psychology [17]. The same group of 
psychologists applied this re-test strategy more recently to 
medical students in their university and also found a 
benefit in the participants: their students fared better in 
subsequent written tests [12]. However, they did not use 
pharmacology questions in their work. Others have tested 
whether previous online MC tests enhanced knowledge 
retention for subsequent workshops (the didactic intervention) 
for board certified pediatricians, but not medical students 
[18]. Their control groups of pediatricians did not receive 
a previous MC test. After the workshops, both groups of 
pediatricians were given (online) the very same MC 
questions [18]. It was found that retention was better 
(measured as performance in the MC tests after the 
workshop) if a pre-test was done [18]. In contrast to our 
study where we used 15 MC tests, only five MC tests 
were given in the pre-test and only five different MC tests 
were given in the knowledge test period [18].  

4.2. MS vs. SC 
Direct comparison in the present work shows that also 

in pharmacology, SC questions are easier to answer than 
MS questions in agreement with the published literature 

[14,19], but now in the subject matter of pharmacology. 
However, we also noticed MS prepares examinees better 
than SC for a subsequent test. Hence, it is tempting to 
speculate that MS is useful in formative tests to prepare 
students for any type of examination and also for clinical 
practice in pharmacology. To the best of our knowledge, 
this study is the first head-to-head comparison of the MS 
format to the SC format in pharmacology and the first to 
use MS to assess one-year memory of pharmacological 
questions. Repeatedly, it has been proposed to use MFT 
tests more often in education because this format is highly 
efficient and more reliable than SC [20,21]. Our data 
confirm this proposition. 

4.4. Scoring Methods 
Numerous scoring methods have been suggested to give 

partial credit in the MS format and are reported to increase 
reliability, which is per se in the MS format possibly 
higher than for the SC format [21-27]. Others, however, 
raised the concern that partial credits in MS, sacrifices 
validity to some extent [27] and hence was not used here. 
In the present study, in group A, Cronbach’s alpha, a 
measure of reliability, was larger in the MS format than in 
the SC format, while in group B the opposite effect was 
observed (Table 1). This could be due to the exam 
question design or be a positional effect as in the second 
half of the test for both groups A and B Cronbach’s alpha 
was larger. Cronbach’s alpha increases if all 30 questions 
of group A and B are combined. This is reasonable as it is 
known that more questions in most tests will increase the 
reliability of the test.  

4.5. Limitations 
One can argue that the voluntary format of the 

formation of the A and B group might generate a 
systematic bias. This cannot be excluded. We would argue 
that at least in prior examinations (albeit using other 
pharmacology questions) the mean points achieved by 
both groups were not significantly different (data not 
shown). It might be informative in future studies, to devise 
an algorithm where half of the students choose their group 
at will and half are randomly chosen by the software: 
thereafter, one can follow four groups and find out 
whether they behaved differently in the subsequent 
intervention. Another limitation of our study lies in the 
fact that we could not rule out cheating in our students, as 
they were not supervised. However, the tests were given 
online for all students at the very same time. We cannot 
rule out that students used help from other students 
(texting) or looked answers up in textbooks or online. 
Nevertheless, if they did this, it would have been 
intellectually demanding and would translate to a classic 
open-book test: open-book tests have been well studied 
and are a useful assessment tool (for a review, see [28]). 
Even if students contacted each other or used electronic 
sources, the time allocated for each question (90 seconds) 
was too small and/or their motivation was somehow 
limited as their test results show wide variation between 
students and no student solved all items properly (Table 1, 
Figure 2C and Figure 2D). Moreover, one can ask why we 
did not use the same number of possible answers in the SC 
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(five answer options) or MS (four answer options). This 
was due to the pre-set option of the Stud.IP software we 
use at our institution and might be a drawback of the 
current study which should be avoided if more flexible 
software will be available to us in the future. Furthermore, 
it can be argued that the stems for the questions are not 
identical when using the SC-format compared to the MS-
format. However, we could not figure out a different 
approach but to adapt the wording (see supplementary 
data files for original questions in direct comparison in 
both formats), this drawback might also be improved in 
future studies. Thus, a caveat is in order that in the present 
work the effect of re-testing is easier to interpret than the 
effect of different question formats.  

4.6. Conclusions 
In summary, we provide preliminary evidence that MS 

is better for knowledge retention than SC, which should 
change our way of testing medical students at least in 
formative if not summative tests. 
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Supplementary Figure S1. Distribution of correct responses to SC or MS questions #1-30. Mean values plus standard error of the mean are plotted in 
the ordinates. Variance analysis (ANOVA) revealed significant differences between all groups compared here (P < 0.001). By pairwise comparison 
(Bonferroni post-tests), differences between individual pairs of questions were analyzed and labeled in the graphs (*P < 0.05). (A) group A-SC 
compared to B-MS. This graph compares the correct answers for objectives #1-15 using both question formats. (B) group A-MS compared to B-SC. 
This graph compares the correct answers for objectives #16-30 using both question formats. (C) group A-SC compared to B-SC. (D) group A-MS 
compared to B-MS. The graphs in (C) and (D) compare the correct answers for the same question format but using different questions (e.g., #1 versus 
#16) 

 
Supplementary Figure S2. Comparison of the distribution of correct answers between groups from WS 2018/2019 (first online test) and from WS 
2019/2020 (second online test). Mean values plus standard error of the mean are plotted in the ordinates. Variance analysis (ANOVA) revealed 
significant differences between all groups compared here (P < 0.001). By pairwise comparison (Bonferroni post-tests), differences between individual 
pairs of questions were analyzed and labeled in the graphs (*P < 0.05). (A) A-SC versus AA-SC and BA-SC. (B) A-MS versus AA-MS and BA-MS. (C) 
B-MS versus BB-MS and AB-MS. (D) B-SC versus BB-SC and AB-SC.  

 

 
© The Author(s) 2023. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


