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Single best answers (single choice, SC) are the classical tools used in medical examinations on all levels of education. In contrast,
very short answer (VSA) probably requires sound prior knowledge and deeper learning than SC, and VSA should make cueing and
guessing impossible. Hence, in a basic pharmacology course, we wanted to compare the SC andVSA formats directly at the end of the
course and one year later. Medical students (n� 211) were given a formative online test. Two groups were randomly formed (A and
B). Participants in group A were first given fifteen single choices (one out of five) pharmacology questions and thereafter fifteen very
short answer questions (open question which were to be answered online and semiautomatically assessed). Very similar questions
with regard to learning objectives but in opposite order were given to group B. After one year, about half of students from group A
were again given the very same questions (AA) or the opposite questions (AB). Likewise, group B was again tested with the opposite
questions (BA) or the same (BB). +e SC questions in groups A, AA, AB, B, BA, and BB were in sum easier to answer than the
corresponding VSA questions. Repeating the test after one year with the same students increased retention of right answers by about
1.5 points. In summary, direct comparison questions in the VSA format are more difficult for our students to answer than questions
in the SC format, conceivably because cueing and guessing are eliminated. Knowledge retention is present by repeating the very same
examination format online. Retention of knowledge is higher when starting with VSA (group B) both for a subsequent SC format or a
VSA format. +ese data would argue for more use of the VSA format at least in pharmacology examinations.

1. Introduction

Single best answers (single choice, SC, generally called se-
lective response formats cf. [1]) are the classical tools used in
medical examination on all levels. SC has been well studied
and evaluated to be fair, fast, quite inexpensive to give, and
reliable; they are felt to be easily defensible, and in many
studies, they were valid. However, SC formats certainly do
not mirror the clinical situation with a certain patient where,
for instance, there is not the choice of just five different drugs
but a dozen drugs have to be chosen from [2, 3]. Cueing is
another drawback of the SC format. Moreover, 20% of the
right answers in SC can simply be guessed, if one answer of

five answers is known to be correct. In addition, the reli-
ability of the SC format heavily depends on the face validity
of the distractors (the four wrong answers if five answers are
given). Poor distractors make guessing and cueing even
easier such that up to 50% of the right answers can be
guessed. Another way to assess knowledge is an essay
(generally called constructed response format cf. [1]).
Various kinds of essays have been used. One possibility is to
use short answers requiring one or three words as answer(s)
(very short answers, VSA). Very short answers intuitively
require sound prior knowledge and deeper learning, and the
VSA format rules out cueing and guessing [1, 4]. Moreover,
VSA does not require the quest for strong distractors. Hence,
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one has argued that VSA is faster and easier to write for the
medical educators than SC formats [5, 6]. +eoretically, SC
offers retrieval cues, the right answer is given as an option
(target information), and success of the test taker depends as
much on familiarity with the content as on active memory
retrieval [7]. +ey have shown using a short biology text in
psychology students that VSA requires text processing and
really understanding the new given text, whereas SC could
be answered mainly based on prior biology high school
knowledge [7]. +ere is the assumption that VSA in a
formative test should drive students to deep learning,
whereas SC would lead more to superficial or strategical
learning [8]. Most educators would probably want to use
tests that foster deep learning in prospective test takers.
Another option to deepen learning that has been studied is
adaptive testing with computers and has been used to
provide personalized test questions. Others had tested
clinical diagnosis in family medicine comparing SC and VSA
(long list of possible answers was provided, uncued ques-
tions: abbreviated UnQ) but on paper sheets [3]. Basically,
they reported a high correlation for the same topic in results
of both formats: SC and UnQ. +ey noted that UnQ were
always more difficult and retention after one year was better
[3]. In our university in Halle, there is a longstanding in-
terest in learning and forgetting, as Hermann Ebbinghaus, a
founder of experimental psychology, taught and performed
research here in Halle on memory loss and retention [9].
Others have made the point, that we find plausible, that
testing and the testing effect in medical education should be
employed because this “forced” retrieval stabilizes or im-
proves the storage of the information in the brain, and this
facilitates on the clinical ward, and the active retrieval will be
needed at the job [10]. Production tests (such as VSA) lead to
better retention over time, for instance, one month, than
recognition tests (SC format) because VSA needs more effort
in retrieval of information frommemory than SC [9, 11, 12].
Tests in medical education can not only be regarded as
neutral tools of measurement but also as tools to facilitate
acquisition and retention of knowledge [10].

Here, we wanted to test both SC and VSA formats head
to head in formative online examinations in basic phar-
macology. Moreover, we asked the question whether one
year later, these same students get better results if we repeat
exactly these online test questions. In addition, we asked
whether VSA or SC formats prepare better for a subsequent
VSA or SC format. +is increase in memory is a valid re-
search topic and has been suggested to be looked at in more
detail in medical education [10, 13, 14]. It is relevant also to
test how good we prepare students for SC because most
medical licensure exams have SC format (and not VSA).

Hence, our research questions (QR) were as follows:
QR1, Is the SC format always easier for students than the
VSA in basic pharmacology items? QR 2, Does the VSA
format offers a better preparation for subsequent VSA as
well as for the SC format in basic pharmacology? Prelimi-
nary results of this study have been published in abstract
form [15].

2. Materials and Methods

Medical students (n� 211) at the final week of their 5th
semester (having been taught basic pharmacology for the
first time in that semester by means of lectures) were given a
formative online test in February 2018 (Figure 1). +e
number of students fits well to recent work on size re-
quirements in assessment studies [16]. We gave students the
opportunity to get bonus points from the online test for their
summative test a week later. +is was done because in a
previous study [17], we noted that voluntary online tests
were only taken by 20% of eligible students without a bonus
program and by over 90% with a bonus program. Here,
87.6% (211) students from 241 eligible students entered the
first online study, and 77.5% (186) from 240 eligible students
took part at the second online test one year later. +e same
observations hold true in formative written tests, and it may
therefore be generalized that a bonus system is always
necessary for student participation rates of formative tests in
tertiary education [18]. Students were not aware that the very
same questions would be given one year later (February
2019) in the online test because in previous years, different
questions were provided in the second online test. +is was
done to ensure comparability and to offer an easy way to test
for keeping of their knowledge or even measure an im-
provement of their pharmacological knowledge. We ex-
pected an increase in knowledge in the second online test as
in the subsequent sixth and seventh semester of Medical
School, the students were exposed more deeply to phar-
macology by taking part in seminars on basic and clinical
pharmacology and lectures in clinical pharmacology.

B: 15 VSA#1–15
15 SC#16–30

A: 15 SC#1–15
15 VSA#16–30

SC#1–15, 16–30 = VSA#1–15, 16–30

WS 2017/2018
Time

WS 2018/2019

15 VSA#16–30
BB: 15 VSA#1–15

15 SC#16–3015 SC#16–30
AA: 15 SC#1–15

15 VSA#16–30

OT WE

OT WE

AB: 15 VSA#1–15 BA: 15 SC#1–15

Figure 1: Schematic drawing illustrating the study design. +e
initial formative online test (OT) contained 30 online questions in
the winter semester 2017/2018 (WS 2017/2018) in medical students
at the Medical School, Halle-Wittenberg (single choice, SC or very
short answer, VSA). Two groups A and B were randomly formed.
Group A was online presented with 15 different SCs (labeled
SC#1–15) and then subsequently 15 VSAs (labeled VSA#16–30). In
group B, pairs in reverse order were formed: first 15 VSAs (labeled
then VSA #1–15) and then subsequently 15 SCs (labeled then
SC#16–30). In the winter semester 2018/2019 (WS 2018/2019), the
same students got the same questions in different combinations as
indicated. WE, written obligatory exam.
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Two groups were randomly formed by the software
ILIAS 5.1 after checking in into the learning environment
software (A and B, Figure 1 top). Participants in group A
were first given fifteen single choice (i.e., one and only one
out of five answers was right, SC; see Figure 2 for sample
questions) questions in basic pharmacology and thereafter
fifteen very short answer (VSA) questions; in other words,
open questions were to be answered online and were
semiautomatically assessed by JN; minor misspellings and
valid alternative drugs were accepted, and typical right
answers were stored in the software (ILIAS and StudIP), by
the designers of the tests and sped up correction of the test
one year later. For 211 or 186 students who participated in
the present study, manual assessment of VSA was required
each year (2018 or 2019) about three hours.

Sometimes, more than one right answer was possible for
VSA (sample questions in Figure 2). +e questions in op-
posite order were given to group B (Figure 1). Tests were
taken by students at their home without supervision. 90
seconds at most in the mean were allocated to answer a test
item. +is was done because in earlier investigations, we
noted that more time per item allocated dramatically in-
creased the percentage of right answers; we have previously
allowed six hours for the online test (different questions
from the present tests), and nearly, all students answered
rightly, whereas with the same test questions allowing only

90 seconds, only about 60% of the test items were answered
properly [17]. If all questions were answered rightly, no
further statistical analysis would have been possible, and
therefore, the present protocol was used. One clear ad-
vantage of online testing resides in the fact that total time for
SC or VSA for each student is stored and thus could ad-
ditionally be analyzed in this study.

Content of the online tests was the learning objectives in
lectures on basic pharmacology prior to the online test.
Typically, two questions for each lecture were constructed.
+e content stretched over the whole subject matter of basal
and systematic pharmacology, namely, pharmacodynamics,
pharmacokinetics, antidiabetic drugs, drugs to reduce and
stimulate thyroid function, antihypertensive drugs, sym-
patholytic drugs, drugs that inhibit the renin and angio-
tensin system, positive inotropic drugs, antiarrhythmic
drugs, antibiotics, antiviral drugs, antimycotic drugs, cyto-
static drugs, and drugs that inhibit thrombin function or
coagulation.

2.1. Data Analysis. Mean values and SEM were calculated
using Microsoft Excel 2016. For parametric and nonpara-
metric tests, SPSS 25 (IBM, Ehningen, Germany) was used.
A probability value (p value) less than 0.05 was regarded as
significant. +e ability of individual questions to discrimi-
nate the good from the marginal (bad) student was done by

Q1: What is the mechanism of action 
of ciprofloxacin ?

Inhibition of cell wall synthesis.

C.
B.
A.

D.
E.

Inhibition of activity of the cytochrome 
P450 system
Block of ion channel in bacterial wall
Inhibition of RNA transcription.

Q1: What is the mechanism of action of
ciprofloxacin ?

Correct answer: “inhibition of gyrase or 
topisomerase activity ”

Q2: Why do you treat an 35-year-old
HIV-positive man with a combination 
of lopinavir and ritonavir?

A. Lopinavir decreases resistance 
against ritonavir

B. Lopinavir inhibits metabolism of 
ritonavir

C. Lopinavir increases intestinal 
absorption of ritonavir
Ritonavir increases intestinal 
absorption of lopinavir

E.

D.

Ritonavir inhibits metabolism of 
lopinavir

Q2: Why do you treat an 35-year-old
HIV-positive man with a combination 
of lopinavir and ritonavir?

Correct answer: “In order to inhibit 
lopinavir metabolism”

Single choice (SC) Very short answer (VSA)

Et cetera…Et cetera…

Inhibition of gyrase activity

Figure 2: Two typical (in English translation from German) questions for single choice (SC) and very short answer (VSA).

Education Research International 3



convention by use of a discrimination index calculated
with the point-biserial correlation between students’
scores on a particular item and their total test scores. +e
discrimination index can fall between −1 and +1, and a
discrimination index larger than 0.3 indicates that the best
students were able to answer that test item correctly, but
the weaker ones were not [19]. Coefficient alpha reliability
estimates (Cronbach’s alpha) were calculated as a measure
of the precision of the students’ scores. +e coefficient
alpha can range from 0 to 1, with higher values indicating
more precise student scores. A value close to 1 indicates
that each student would be likely to achieve about the
same score if a similar test was readministered, whereas a
value of 0 indicates that scores on retesting would vary
randomly [19].

3. Results

+e mean times for taking tests are depicted in Table 1. All
students finished the test in the given time frame. Testing
times were not normally distributed using the Kolmogor-
ov–Smirnov test in SPSS (p> 0.05). For instance, for the test
in 2018, the frequency distribution of times is plotted in
Figure 3. For convenience, we nevertheless report here the
mean testing time as arithmetic mean (Table 1). +e total
mean testing time was longer in group B compared to group
A (Table 1, the nonparametric test: Mann–Whitney test,
p< 0.05).+e numbers of correct answers in all groups (A or
B, Figure S1) and subgroups (AA, AB, BA, BB, Figure S2)
were likewise not normally distributed, but by convention
and for convenience, we present here nevertheless arithmetic
means, but used for comparing nonparametric tests (Ta-
ble 1). +e total numbers of correct answers were different

between SC test items within group A and within group B
(Figure 4, p< 0.05). Likewise, the numbers of correct an-
swers in the VSA group were significantly different within
groups A, B, AA, AB, BA, and BB (ANOVA for each
p< 0.05). Moreover, VSA questions collectively were more
difficult in group A as well as in group B compared to the SC
format (Table 1). Moreover, combining all correct answers,
results were better comparing all SCs and all VSAs in groups
A and B as well as AA, AB, BA, and BB.

Interestingly, at least two effects were occurring: when
SC was given initially (group A), the results were better
(p< 0.05) than in students who were given SC in the second
half of the test (group B). Moreover, SC tests gave higher
marks compared to VSA tests (p< 0.05) (Table 1). Some
learning objectives were often correctly answered in A and B
in both formats; in at least one question, hardly any right
answers (2%) were obtained in the very short answer format,
whereas the companion single best question was correctly
answered by nearly all students (96%) (Figure 4).

Cronbach’s alpha measures that reliability is always
higher in the SC format (A-AC or B-SC) than in the VSA
format (A-VSA and B-VSA; Table 1). Total Cronbach’s alpha
is higher for group A or B compared to its subgroups (ASC;
A-VSA; or B-SC and B-VSA) which is probably due to the
higher number of items (30 versus 15, Table 1). Mean item
discrimination (Figure S5) was better (higher) in SC than in
VSA in initial tests (groups A and B) as in subsequent tests
(AA, AB, BA, and BB).

In direct comparison, mean points (correct answers) in
BB were lower than in AA, whereas no additional differences
gained significance (Table 1). Interestingly, BB total was
better than the initial test with the same design (Table 1 and
Figures S1 and S2), namely, group B.

Table 1: Test results of all groups of students.

Group Number of students (n) Mean points± SD Mean time (min:s) Cronbach’s alpha Significance (p< 0.05)
A (total) 96 20.7± 4.1 36:25 0.650
B (total) 115 21.3± 4.8a 34:25 0.677 avs. A (total)
A +B (total) 211 21.0± 4.4
A (SC) #1–15 96 13.1± 1.9 17:02 0.603
A (VSA) #16–30 89 8.1± 2.4b 19:12b 0.556 bvs. A (SC)
B (SC) #16–30 112 9.8± 2.9 17:42 0.610

B (VSA) #1–15 115 11.6± 2.2c,d 16:43c 0.499
cvs. B (SC)

dvs. A (VSA)
AA (total) 44 20.9± 4.6 40:56
AB (total) 42 21.2± 4.5 38:40
BA (total) 44 22.1± 5.3 37:45

BB (total) 52 23.0± 4.6e,f 37:46
evs. AA (total)
fvs. B (total)

AA+AB+BA+BB (total) 182 22.5± 3.8
AA (SC) #1–15 44 12.4± 2.0b 17:10 bvs. A (SC)
AA (VSA) #16–30 42 9.0± 2.4g 23:32g gvs. AA (SC)
AB (SC) #16–30 41 10.5± 2.9 19:20
AB (VSA) #1–15 42 10.9± 2.4 19:24
BA (SC) #1–15 44 12.8± 2.2b 16:48 bvs. A (SC)

BA (VSA) #16–30 42 9.7± 3.4d,h 20:56i
d vs. A (VSA)
hvs. BA (SC)

BB (SC) #16–30 49 11.7± 2.5c 19:03 cvs. B (SC)
BB (VSA) #1–15 52 11.5± 2.1 18:09
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Total 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) and, namely, amounted to 21 points
and 22.5 points (correctly answered questions), an increase
in 1.5 points which can be interpreted as an effect size of
about 0.1, indicative of a small effect size. Interestingly, total
time spent on the questions was higher in total group A (36 :
25) than in total group B (34 : 25), though more points were
obtained in total group B. Looking more closely on the
format of question, it turns out that in group A-SC, less time
was required than in B-SC, but much more time was re-
quired in group A-VSA than in group B-VSA (Table 1). A
possible interpretation might be that VSA is so demanding
that at the end of the test, it takes more time to muster the
questions than at the beginning of a test. Likewise, in the
second online test, the VSA part always takes longer than the
SC part (e.g., AA-SC and AA-VSA in Table 1). Group BB is a
special case: there is no improvement in BB-VSA versus
B-VSA; perhaps, the students were already at their maxi-
mum of performance.

Figure 4 depicts the direct comparison between the same
learning objectives (#1–#15), initially answered as SC (A-SC)

or as VSA (B-VSA), and Supplementary Figure S3 depicts
the direct comparison between the different learning ob-
jectives (#1–#15 versus #16–#30) of the very same group. SC
was in sum easier to answer than VSA, but the paired
differences are not large with the exception of question #2.
Indeed, in question #2 (a question for treatment of drug
intoxications) in the SC format, it was simply asked for
which combination of drugs their functional antagonist
would take longest to act; in the VSA, it was explicitly asked
that at what time vitamin K would at least need to counteract
an overdosage of phenprocoumon (accepted answer, 24
hours or more). In questions #1, #2, #3, #4, #5, #6, #8, #9,
#10, #11, #12, #13, and #15, there were significant differences
between pairs: from these pairs, A-SC had more points than
B-VSA in pairs #1, #2, #3, #4, #6, #8, #9, #10, #11, #13, and
#15. In pairs, B-VSA gave more points only in questions #5
and #12 than A-SC, possibly because the answer options
distracted the students in the appropriate SC format. In
detail, #5 in the VSA format was asking about the main life-
threatening side effect of thiamazole (agranulocytosis) and
#12, what is the effect of atropine on conduction velocity in
the AV node (increase in velocity). +ere were no significant
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Figure 3: Distribution of times for working on a test in group A-SC (#1–15), in group A-VSA (#16–30), in group B-VSA (#1–15), and in
group B-SC (#16–30).
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differences between pairs #7 (how would you treat diabetes
in pregnancy? insulin) and #14 (which bronchodilator acts
via phosphodiesterase inhibition? theophylline).

Direct comparison of the two formats (asked for in the
second half of the first test, Figure 1) for the remaining
learning objectives (#16–30) is shown in Figure 4. Here, in
seven (#16, #18, #19, #21, #22, #23, and #30) of 15 questions
in the SC format (B-SC), students obtained more points than
in the VSA format (A-VSA). In five pairs (questions #17,
#20, #24, #27, and #29), no differences between pairs was
noted.+is lack of differences can in some cases be explained
by the fact that most students could answer the questions
properly, and they were apparently too easy (#20 (what is the
mechanism of action of acyclovir? inhibition of nucleic acid
synthesis) and #27 (what is the mechanism of action of
ciprofloxacin? inhibition of gyrase or topoisomerase), Fig-
ure 4). However, in questions #17, #24, and #29, the
questions were of intermediate difficulty, and no reason for a
lack of differences is apparent. +is could be due to the
learning objectives (#16–#30) or exhaustion of students in
the second half of this test. Somewhat unexpected, questions
#25 (which coagulation factors are decreased after phen-
procoumon treatment? II, VII, IX, X), #26 (which protein is
activated by heparin? antithrombin III), and #28 (name one
penicillin derivative worth trying against β-lactams-forming
staphylococci? oxacillin or flucloxacillin or dicloxacillin)
were much more often rightly answered in the VSA format
than the SC format, probably because the distractors were
too strong. In Figure 4, we plotted for group A the questions

in both halves (A-SC and A-VSA) that occur in the same
subsequent order: for instance, the first question #1 is seen
next to #16, the first question of the VSA format. +e ob-
jectives in, e.g., #1 and #16 are different; however, it is
apparent that many questions in the subsequent format
obtained lower scores than in the first format (Figure 4).+is
seems to contrast group B where the first format is often not
better than the second format asked at the same relative
position (Figure 4).

After one year, the second test (Figure 1) was given and is
summarized in Supplementary Figures S4 and S5. +ere is
no clear-cut picture for SC; in Figure S4A, it is obvious that
there is even a small decline in knowledge in question #3 and
in increase in question #13. With the VSA format, there is
after one year a clear decrease in knowledge which was in
paired comparison often significant (questions declined #16,
#19, #21, #25#, 27, #29, and #30, Figure S4C). Only in
question #17, there was an increase in score; one year later,
the others remained unchanged. So the VSA format given
after the SC format in the same test (group A, Figure 1) does
not prepare well for a VSA format given as the second half
again one year later (AA-VSA). +is might be due to ex-
haustion or the different learning objectives in #1–#15 in
comparison to #16–#30.

A higher knowledge was detected in the VSA format if
first SC format and then the VSA format were given (group
A), and after one year, one starts with SC (group BA) for the
learning objectives which were initially given as VSA format
(group B). Here, the very same questions are in sum better
answered, present for many pairs of questions (Figure S4D).
+ere is a substantial significant gain in knowledge in
questions #2 and #13, whereas the others remained un-
changed. Apparently, initial VSA (group B) prepares well for
another SC format (group BA).

However, VSA seems over all, also to prepare well for
VSA (Figure S4B). +e BA group is better in questions #5,
#7, #19, #11, #12, #13, #14, and #15 but worse in questions #
4, #6, and #8 compared to A-VSA for the same questions,
whereas there was no difference in #1, #2, and #3.

+e order of questions seems to be important; if the SC
format is given as second format (Figure 1), this is a good
preparation for second answers to SC (Figure S4G); ques-
tions #17 and #28 are answered better in the test one year
later (BB-SC) than in the previous year (B-SC), whereas no
differences were noted in the other questions. +is lack of
increase is at least for #20 and #27 due conceivably to the
question being too easy in the first place. Nevertheless, the
overall results are better for questions #1–#15 compared to
#16–#30 independent of the format (Figures 4 and S5).
+erefore, the questions #16–#30 may be more difficult than
the questions #1–#15.

+e VSA format does prepare over a one-year interval in
principle well for VSA, if VSA is given first (Figure S4E).
Here, as a whole, a gain in knowledge after one year was an
apparent. Specifically, a gain in question #2 but a decrease in
#4 and no change in the remaining question pairs was
noticed. Again, part of a lack of increase (but not the decline
in knowledge) could result from giving too easy questions.
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Figure 4: Distribution of correct answers in groups A and B in the
winter semester 2017/2018.When single best answer questions (SC)
were provided first (group A-SC#1–15), the results were better
(p< 0.05) than in students that were given SC questions last (group
B-SC#16–30). +e same phenomenon was noted for very short
answer questions (B-VSA#1–15 versus A-VSA#16–30).
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Giving VSA format initially, and then second, the SC
format first, leads to results not hugely different from first
giving SC and then VSA and one year later, SC second (AB-
SC). Here, higher scores were noted only in questions #17
and #28 (Figure S4H). If initially SC is given and after one
year VSA (AB-VSA, Figure S4F), there was only a higher
score one year later in questions #7 and #14, whereas others
were not different or even lower in questions #1 and #4, one
year later (Figure S4F).

In Figure 3, it is nicely notable how much longer time is
required for VSA when starting with SC (Figure 3, group A).
+is seems due to the position not the format of the question
as the reverse is seen in Figure 3 group B. +e distribution
function for group A or B and all subgroups (A-SC, A-VSA,
B-SC, and B-VSA) is shown in Figure S1. We speculate that
A-SC is easy to answer, but A-VSA is more demanding as
high scores are hardly reached (Figure S1). In contrast, in
group B, it seems to be reversed: VSA questions are more
properly answered than SC (Figure S1). Discrimination
indices are sometimes different between VSA format and the
SC format (Figure 5). In Figure 5(a) but not in Figure 5(b),
the discrimination indices for VSA are significantly higher
than in SC (χ2 test 0.05). In all paired questions, the number
of the discrimination index is higher in VSA than SC with
one telling exception; question #2, here as mentioned above,
it was crucial to know that only the active metabolite of
clopidogrel inhibits clot formation. +is fact was unknown
to nearly all test takers (see above), and therefore, it does not
discriminate but gives random numbers.

+e discrimination indices for the exams in 2019 gave
similar results (data not shown). Usually, the discrimination
indices are higher for AA-VSA than for AA-SC. A similar
pattern appears if VSA is given first and then SC for BB. +e
differences in discrimination indices between questions in
groups AB and BB were significant (χ2 test p< 0.05) but not
for groups AB and BA. In contrast, there is no clear pattern

discernible. For some questions, VSA shows higher dis-
crimination indices and for some questions lower. One can
speculate that in initial questions, SC discriminate better, but
as attenuation and exhaustion sets in, VSA discriminates
better. Except questions #13 and #14 which are very difficult
in the VSA format and were answered properly by less than
10% of students, this might easily explain their good dis-
crimination indices.

4. Discussion

We find it noteworthy that the gain in knowledge by giving
the questions twice is astonishingly small; in an earlier
formative study [17], we gave medical students the very same
written SC test of 30 questions (18 right answers were the
passing grade) at the beginning of the course in basic
pharmacology, and in a subsequent summative examination
(15 weeks later), this translates into the finding that the mean
value in the pretest amounted to 11.5 points and the mean
points in the final exam were 25.8, an increase by 14.3 points
or by 124%. We speculated that the gain in the written test
was higher due to the more stressful environment: written
paper examination, supervision by teachers, all students in
one lecture hall, all students sitting with an empty chair in
between, no cooperation of students allowed, no interfering,
and visual interference allowed [17]. In contrast, here the
online tests were taking place at home, without supervision,
and therefore, the examination was in all probability less
stressful. Another explanation would be that the first online
test was given after 14 weeks in a basic pharmacology course;
hence, students started with better results and were not so
emotionally challenged by the prospect of failure than the
students preparing for a summative examination. +e time
allocated cannot explain any difference because it was the
same in all tests (in mean 90 seconds per question). On the
other hand, others noted comparably small gains in student’s
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Figure 5: Comparison of discrimination indices of SC versus VSA questions for questions #1–15 (a) and for questions #16–30 (b).
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knowledge even in smaller interval; clinical students in
intensive care rotation were given the same questions ini-
tially and four weeks later; the 32 participants experienced an
increase in exam points from baseline (65.7) by 4.6 points
[20] abstract. Others used the subsequent design in psy-
chology students; students were asked to read a text on a
computer screen; then, students were first given nine open
ended (VSA) questions on that same text, and then, the same
students were subjected to nine MCQ (one SC out of four)
tests; here, SC was easier than VSA and Cronbach’s alpha
was higher in VSA than in SC [7].

What practical conclusions can we draw from this work?
Written exams are probably much superior as a formative
tool than online tools as concerns gain of knowledge.
However, usually resources are scarce, and thus, adminis-
trators prefer less costly solutions. Hence, there is a small
benefit of online test which should be seized in clinical
education. Others have tried new tools to improve mobile
learning such as adaptive tests on smartphones. It might be
relevant for a subsequent study to allot students more time
for the initial online test because an increase in time
drastically increased the number of properly answered tests
(for SC) [17]. One year later on, one could give the same
questions but only allow 90 seconds to answer. On the other
hand, the testing effect might be relevant under these
conditions; it is possible that the knowledge of an impending
second tests improved retention. Others likewise noted that
questions that required a response, such as VSA, led to better
scores one year later in a mock medical licensure exam than
SC format questions [21].

+e time for the same learning objectives, given in two
different formats, shows that more time was required when
taking first SC and then VSA (group A) question formats. In
comparison to VSA and then SC (group B), here, two in-
terpretations are possible: the learning objectives were more
difficult in group A than in group B, or VSA prepares the
mind to answer SC faster.+is finding is reproducible as this
difference was also present when taking the same test one
year later (compare group A and group AA or group B and
group BB; Figure S4). Students who switch to a different
format behave differently: switching from group A to AB
made the task conceivably more difficult as a longer time was
used by students to answer questions (A vs. AB). However,
switching from an initial VSA to a subsequent VSA led to
less time demands (B vs. BA) and might be interpreted that
VSA prepares for both VSA and MCQ, which is not un-
reasonable. A drawback of VSA is the cost for manually
reviewing the answers. +ere has been much progress in
automatic assessment of VSA (reviewed in [22]) which may
increase cost effectiveness of this approach.

Our work confirms and extends the work from
[6, 23, 24]. Medical students always answered—in our
nomenclature—SC better than VSA questions [6, 23, 24].
However, they assessed all clinical learning objectives (Ta-
ble 1) in [23], whereas we focused here on basic pharma-
cology. In a subsequent study, Sam et al. [6] used an
approach similar to ours; in the first group of students, they
gave electronically 60 SCs and then on paper, 60 VSAs for
the same learning objectives, and in the second group, in the

reverse order. We noted in contrast to Sam et al. [23] that in
some questions, VSA fared similar to SC. +is divergent
finding could be in part explained by the different protocol;
we used two groups and started in one group with SC and the
other with VSA, while Sam et al. [23] used only one group
and gave first VSA then SC. In this way, students might have
anticipated the proper answer in SC from the previous VSA
(this interpretation is already discussed in [6]). +is has
previously been noted by [4]. A better consistent response to
SC than to VSA has been already described using paper
examinations for both formats [25]. +ey noted that the
more incompetent students gained most from the SC type
format and were easily identified by the VSA type format.
Using this approach, they noted that differences between the
results on matched questions in SC and VSA declined with
an increase in the clinical competence, less difference in
registrars than in medical students [25]. +e general ob-
servation that SC is easier and is of benefit for the incom-
petent is not novel but dates back to Hurd (Hurd, 1932).
However, Sam et al. [6, 23, 24] did not perform a follow-up
online assessment in the subsequent academic year like we
did in the present work. We asked 30 different questions,
whereas [23] gave only 15 questions (and gave 60 questions
in [6]) first as VSA and then the same learning objectives as
SC. In another study, they compared drug prescribing skills
in students [24]. +ey wanted to prepare students for the
PSA (Prescribing Safety Assessment) exam in Britain.
Hence, they mimicked that PSA exam by asking the students
online to give the concrete drugs, dose, route of application,
and relevant drug interaction for 50 different clinical sce-
narios using a VSA style answer (2.5min given per ques-
tion). In addition, they asked in a SC type question to decide
which of five drugs to apply in this scenario (1min per
question given) [24]. +ey noted that students always fared
better in SC than in VSA [24]. +ey concluded that VSA is
more reliable and discriminates better than SC. In addition,
they make the valid point that wrong answers in VSA can be
used by educators to better understand where misconcep-
tion prevail which should be addressed during the remaining
time in medical school or at least the next intake of medical
students by changing the curriculum [19] [24].+is view was
shared by students because in a survey of students who
undertook the study, Sam et al. [6] reported that the students
regarded VSA to mimic more closely the clinical reality than
SC. Many years before, students already had also deemed
VSA to bemore useful to prepare for the ward than SC, at the
time paper examinations were studied [25]. In a clinical
setting (OSCE examinations), similar results were obtained:
students performed better in written SC than in written
VSA; when in one group, the same learning objectives were
first tested as SC and then as VSA and in the second group
vice versa [1]. Students themselves rated the SC format as
easier as the VSA format [1].

Comparing the groups B-VSA and BB-VSA (Figure 1,
S4, and Table 1), there is no gain in correct answers; this
might mean that the students were already performing at
their best. However, they were still far away from answering
all questions correctly, casting doubt on the hypothesis that
VSA prepares best for VSA. When giving VSA in the second
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half of the test, there is a gain in correct answers from 7.73
(A-VSA) to 10.1 (AA-VSA, Table 1), supporting a learning
effect in VSA (if one starts from a low level). Surprisingly, SC
repetition decreases the number of correct answer from 13.2
(A-SC) to 11.8 (AA-SC, Table 1).+is might indicate that SC
is not the perfect way to increase strong memorization of
learning objectives but is prone to loss of knowledge. If this is
repeated by other independent groups, this would deeply
question our current use of SC in medical education.

One limitation of our study lies in the fact that we could
not rule out cheating in our students. However, the tests
were given online for all students at the very same time.
Mean time allocated for each test item was only 90 seconds.
We cannot rule out that they used help from other students
(texting), looked results up in textbooks, or online. Nev-
ertheless, if they did this, it was very demanding for them
and would translate to a classical open book test, which has
been well studied and is a useful assessment tool (review
[27]). In addition, the time allocated was too small or their
motivation was limited as their test results show wide
variation between students, and no student solved all items
properly. Hence, the test was discriminatory, as offered. As
concerns of motivation of students in mobile testing, an
interesting new invention is the use of games to pose tests to
students.

It is not without precedence that open questions can be
better answered if the subject matter fits than the SC format;
examples are given in [5]. Others noted that better scores
were obtained in a final MCQ examination if previously, the
learning objectives had been tested in a SC format than a
simple context-free recall MCQ format [21], supporting our
data. However, those researchers [21] only studied questions
dealing with social sciences (population health, legal ques-
tions, organizational questions, and ethical issues); whereas,
our novel contribution to the field is the concentration solely
on pharmacology questions and the longer time scale (one
month [21] versus one year (this study)). Others detected a
higher correlation of SC interim questions to SC final ex-
amination than between uncued questions (similar to VSA)
and final SC final examination; this interpreted that SC
prepares better for SC than VSA [19]. Uncued questions had
a wider range than MCQ and were attributed to marginal
knowledge of marginal students [19] which we also note for
our data. +ey also noted that median values of discrimi-
nation indices were higher for uncued questions versus
MCQ similar to our findings. +ese data may further in-
dicate that VSA formats are more useful than multiple
choice tests for identifying marginal students who are in
need of special assistance and tutoring, as suggested by
others [19]. One concern when using VSA in formative or
summative tests in a particular medical school might be that
students are poorly prepared for national board examina-
tions that use the SC format.+is concern is not borne out in
the literature. At least comparing in one medical school in
the USA in subsequent academic years the final nationwide
results (USMLE), these grades were not worse for students
prepared with uncued questions versus MCQ [19].

Online formative examinations given at home to detect
an increase in knowledge have been published by others in

medical education; for instance, pediatricians were subjected
to (online) SC format tests to enhance knowledge retention
for subsequent seminars for pediatricians [28]. After the
workshops, participants were given (online) the very same
MC questions [28]. It turned out, retention was better
(measured as performance in the MC test after the work-
shop) if a pretest was performed in comparison to the
control group [28]. In contrast to our study, only five SC
questions were used in the pretest and five different SC
questions were given in the knowledge test period [28]. A
difference to the present study is that we used a more
prolonged interval between two tests (one year) than earlier
work (in the psychological lab or in medical students in the
clinic) where typically, a delay between two tests of a few
minutes up to one week was used (reviewed in [29, 30]).

In summary, we can answer the research questions (QR)
in the following way: QR1, direct comparison shows that in
basic pharmacology, SC is easier than VSA. QR2, VSA
prepares better than SC for a subsequent test. We speculate
that VSA is useful in formative tests to prepare students for
any type of examination and also for clinical practice in
pharmacology.
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AA-SC; (B) A-SC versus BA-SC; (C) A-VSA versus AA-
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and (H) B-SC versus AB-SC. Figure S5. Comparison of the
distribution of correct answers between all groups from WS
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