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Abstract

Background: Digital learning environments have become very common in the training of medical professionals, and students
often use such platforms for exam preparation. Multiple choice questions (MCQs) are a common format in medical exams and
are used by studentsto prepare for said exams.

Objective: We aimed to examine whether particular learning activities contributed more strongly than others to users' exam
performance.

Methods: We analyzed datafrom users of an online platform that provides|earning materialsfor medical studentsin preparation
for their final exams. We analyzed whether the number of learning cards viewed and the number of MCQs taken were positively
related to learning outcomes. We al so examined whether viewing learning cards or answering M CQs was more effective. Finally,
we tested whether taking individual notes predicted learning outcomes, and whether taking notes had an effect after controlling
for the effects of learning cards and M CQs. Our analyses from the online platform Amboss are based on user activity data, which
supplied the number of learning cards studied and test questions answered. We also included the number of notes from each of
those 23,633 users who had studied at least 200 learning cards and had answered at least 1000 test exam questions in the 180
days before their state exam. The activity data for this analysis was collected retrospectively, using Amboss archival usage data
from April 2014 to April 2017. Learning outcomes were measured using thefinal state exam scoresthat were calculated by using
the answers voluntarily entered by the participants.

Results: We found correlations between the number of cards studied (r=.22; P<.001) and the number of test questions that had
been answered (r=.23; P<.001) with the percentage of correct answersin thelearners medical exams. The number of test questions
answered till yielded a significant effect, even after controlling for the number of learning cards studied using a hierarchical
regression analysis (B=.14; P<.001; AR?=.017; P<.001). We found a negative interaction between the number of learning cards
and M CQs, indicating that userswith high scoresfor learning cards and M CQs had the highest exam scores. Those 8040 participants
who had taken at |east one note had a higher percentage of correct answers (80.94%; SD=7.44) than those who had not taken any
notes (78.73%; SD=7.80; t,353;=20.95; P<.001). | n astepwise regression, the number of notesthe participants had taken predicted
the percentage of correct answers over and above the effect of the number of learning cards studied and of the number of test

questions entered in step one (B=.06; P<.001; AR?=.004; P<.001).
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Conclusions:
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These results show that online learning platforms are particularly helpful whenever learners engage in active

elaboration in learning material, such as by answering MCQs or taking notes.

(JMIR Med Educ 2019;5(2):e13529) doi: 10.2196/13529
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Introduction

Background

Digital learning environments are used with increasing
frequency in medical education [1]. They are often integrated
asteaching formatsinto the didactic concept of medical studies
[2-4] and are dso extensively used by students for exam
preparation [5,6]. Multiple choice questions (MCQs) are a
common format for medica exams and are therefore
preferentially used by students to prepare for their medical
exams [7]. In response to the high demand for practicing with
MCQs, severa online platformsthat provide studentswith both
medical information and the opportunity to answer MCQs

relevant to various exams have become available. These
platforms also give immediate feedback on the correctness of
their answers. A prominent example of such a platform is
AMBOSS [8], which is provided by the company AMBOSS,
and isavailablein both English and German. The central concept
of the platformisto provide MCQsthat are linked to extensive
medical information needed to answer relevant exam questions
correctly (learning cards). Thus, the platform connects textbook
content directly to the common format of MCQs used in the
actual final exam. In addition, the platform offers the option of
taking personal notes about thelearning content. These personal
notes can be written directly onto the corresponding learning
cards on the computer screen (Figure 1).

Figure 1. Example of personal notes on alearning card from the AMBOSS platform.

Diagnostics
Systemic lupus erythematosus (5LE)
Rheumatoid arthritis

Other tests

+ Cerebrospinal fluid testing

Signs of lymphocytic meningitis, including elevated protein (due to a disrupted blood-brain barrier) and pleacytosis

Measure intrathecal IgG or IgM antibodies

« Arthrocentesis

Commonly conducted if signs of arthritis are present, but results do not allow differentiation from septic arthritis

without PCR
Synovial fluid findings
Appearance: yellow and cloudy
Leukocyte count: 3000-100,000/mm® with > 50% neutrophils
PCR test: positive
Megative findings: Gram stain, culture, crystals

In CSF also test CXCL13, a chemokine for B lymphocytes,

« Elevated in acute neuroborreliosis
« Falling with onset of AB therapy
«» False positives in other CNS inflammations, infections or lymphomas

Always remember DD with ticks: CCHF, FSME

# Your notes

The first and second parts of medical studies in Germany are
completed by taking two final state exams (1st and 2nd
Staatsexamen) that are made up of MCQs. The AMBOSS
platform providesits userswith the MCQsused in thefinal state
exams in recent years. On the official exam days, AMBOSS
provides a preliminary statistical prognosis of an individual’s
real exam results in cooperation with the learning platform
Medi-learn [9]. In order to use this service, students enter their
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answers from their actual final exams into the platform to get
immediate feedback on the number of correct answers. In the
study presented here, we used the results of the participants
second state medical exam, voluntarily provided by them, to
measure learning performance. One aim of the study was to
apply insights from educational psychology to the setting of an
online learning platform in order to test specific hypotheses
with a large sample of medica students. We also aimed to
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examinewhether particular learning activities contributed more
strongly than others to users' exam performance. User activity
records and their comparison to actual final exam results were
utilized to achieve these research goals.

Impact of Engagement on L earning

Thereisalong tradition of research dealing with the influence
of learning activities on learning outcomes [10-12]. Time spent
on learning is a predictor of learning outcomes in both offline
and online settings [13]. The time spent with actual learning
activities as opposed to time merely being present in a certain
setting is particularly important [10,12]. Thus, hypothesis 1 was
that the number of learning cards viewed are positively related
to learning outcomes.

Itisalso known that active cognitive engagement with learning
material is an essential factor of learning. Active learning as
opposed to only passively receiving information increases
students' performance [14,15]. One way to engage in learning
actively is to answer MCQs. Therefore, hypothesis 2 was that
the numbers of MCQs answered are positively related to learning
outcomes.

Asan exploratory research question, we also examined whether
viewing learning cards or answering M CQs was more effective
in terms of learning outcomes.

Another way to elaborate on learning material is to take
individual notes on the learning content [ 16]. Taking notes can
have several advantages [17,18], such as that, in many cases,

Bientzle et al

note taking demands that |earners make a connection with their
previous knowledge (encoding benefit). In addition, learners
also have the opportunity to study their notes after they have
made them (external storage). Based on these considerations,
hypothesis 3awas that better learning outcomes are shown for
learnerswho took notesthan for learnerswho did not take notes.

Moreover, we assumed that the level of engagement in taking
notes had an influence on learning over and above the effect of
other general learning activities. Thus, hypothesis 3b was that
the numbers of notes the learners had taken would predict the
learning outcome even when controlling for the effects of
answering MCQs and studying learning cards.

Methods

For the present study, the data of AMBOSS userswho had taken
their final state medical exams between October 2014 and April
2017 was evaluated. Userswereincluded in the analysisif they
had entered the results of their exams, had previously opened
at least 200 learning cards, and had answered at least 1000
MCQs, resulting in asample of 23,633 AMBOSS users (for the
CONSORT flow diagram see Multimedia Appendix 1). This
procedure eliminated userswho did not seriously use AMBOSS
for exam preparation (Figure 2), while keeping as many usable
cases as possible to represent a wide range of different usage
patterns. Learning cards, test questions, and notes for all
accepted users were utilized in further analyses (Textbox 1).

Figure 2. Distribution of the numbers of learning cards studied and test questions taken among the participants.

9000

L]
8000 @ @
8000

7000

6000

Number of test questions taken

)
o‘o‘ . -y

L

LI )
LA U

-

u’ ] — o ® Yo
o ‘e’ o ¢ ...o s
w ® et * o% ¢
600 800 1000

Number of learning cards studied

http://mededu.jmir.org/2019/2/€13529/

XSL-FO

RenderX

JMIR Med Educ 2019 | vol. 5 |iss. 2 | 13529 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION Bientzle et a

Textbox 1. Learning features included in the analysis.

Learning cards:

«  Thenumber of unique learning cards that were opened by the user.

Test questions (MCQs: multiple choice questions):

«  Thenumber of unique test questions that were answered by the user.

Notes

«  The number of a user’s notes that refer to a specific learning card that comprised five or more characters (a threshold of five characters was
chosen to exclude notes that only served the function of marking alearning card as read).

We used the percentage of correct answers in the final state cards, and taking notes to provide statistical analysis functions
exam, as entered by the participants, as our main dependent to its users. The data gathered is analyzed to give individual
variable. All statistical analyses were done with SPSS 22. The  users recommendations for their learning. Besides individual
interaction analysis (see Table 1 and Figure 3) was done with  recommendations, anonymous usage data is analyzed in user
the Microsoft Excel Macro from Jeremy Dawson's website research settings to improve the quality of the product.
[19,20]. AMBOSS agreed to share its anonymous archival data while
preserving the privacy of individual user data, according to the
rules of General Data Protection Regulation in Germany
(Datenschutzgrundverordnung [DSGVQ]). This procedure is
in line with the requirements of the local ethics committee.

Dataretrieval for this study was conducted with permission of
registered users of AMBOSS who agreed to the usage and
privacy termsinthe registration process. The AMBOSS system
generates usage data about accessing MCQs, using learning

Table 1. Hierarchical regression analysis with the number of learning cards and test questions (MCQs; Step 1) and the interaction between the two
(Step 2) as independent variables, and the percentage of correct answers as dependent variable.

B EB B AR?
Step 1 067
Learning cards 0.747 0.038 142 _b
Test questions 1.094 0.054 202 —
Step 2 0012
Learning cards x Test questions® ~ 0.064 0.016 052 -

8This denotes a value with P<.001.
BNot applicable.
‘Learning cards and test questions (MCQs) were z-standardized for the analysis.

Figure 3. Interaction between the number of learning cards and the number of test questions (MCQs). The dependent variable is the percentage of
correct answers in the final exam. MCQs: multiple choice questions.
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Results

Descriptives

On average, the users had studied 645.91 learning cards
(SD=222.06) and answered 5981.87 test questions
(SD=1309.52). A total of 8040 userstook at |east one note, with
a mean of 94.31 (SD=293.89). In addition, users reported an
average of 79.48% (SD=7.75) correct answers in their state
exams.

Bientzleet d

The Number of Learning Cards and Multiple Choice
Questions as Predictor s of L earning Outcomes

Both the number of learning cards studied (r=.22; P<.001) and
the number of MCQs answered (r=. 23, P<.001) were
substantially correlated with the percentage of correct answers
in the state exam. We used hierarchical regression analysis to
answer the question as to whether the number of MCQs
answered explained the percentage of correct answers in the
exam over and above the number of learning cards studied. The
number of test questions answered still yielded a significant
effect even after controlling for the number of learning cards
studied (see Table 2, step 2).

Table2. Hierarchical regression analysiswith the number of learning cards (Step 1), test questions (Step 2), and notes (Step 3) asindependent variables

and the percentage of correct answers as dependent variable.

B SEB B ARZ
Step 1 0432
Learning cards 0.011 0 212 _ b
Step 2 o172
Learning cards 0.008 0 162 —
Test questions 0.001 0 142 —
Step 3 .0042
Learning cards 0.008 0 152 —
Test questions 0.001 0 142 —
Notes 0.003 0 o6 —
8This denotes a value with P<.001.
bNot applicable.
The Interaction Between Multiple Choice Questions  Discussion

and Learning Cards

As ameans of answering the exploratory research question on
the relative effectiveness of learning cards and MCQs, we
calculated a moderated regression analysis [21] in order to
analyze possible interaction effects. We found a small, albeit
significant, negativeinteraction between the numbers of learning
cardsand M CQs, indicating that those userswho neither studied
learning cards nor took M CQs scored worsein their final exam.
Users with high scores for learning cards as well as for MCQs
had the highest scores (see Table 1 and Figure 3).

The Number of Notesas a Predictor of Learning
Outcomes

A two-tailed independent sampl e t-test showed that those 8040
participants who had taken at least one note had a higher
percentage of correct answers (80.94%; SD=7.44) than those
who had not taken notes (78.73%; SD=7.80; tys43,=20.95;
P<.001).

A stepwise regression showed that the number of notes the
participants had taken still predicted the percentage of correct

answers over and above the number of learning cards studied
and the numbers of MCQs answered (see Table 2, Step 3).

http://mededu.jmir.org/2019/2/e13529/

Principal Findings

Engaging with online learning materiass, in theform of studying
learning cards or answering test questions, was related to
positive learning outcomes reflected in final grades on a state
medical exam. Combining the learning activities of reading
learning cards and answering MCQs resulted in the highest test
scores on the final exams. The integration of both features on
one learning platform appears to be a good way to support the
learning activities of medical students. Moreover, taking
electronic notes also went along with a higher percentage of
correct answers on the medical exams. This finding held even
when controlling for the effect of a number of other learning
activities. Presumably, taking notes led to a deeper
understanding of the learning material and hence to better
retention.

Limitations

AMBOSS was originally created specificaly for medical
students in Germany, but there is also an English version
available. It is possible that the combination of using learning
cards and answering MCQs could be helpful for exam
preparation in general. As MCQs are a common examination
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format not only in Germany but also in other countries, it is
evident that our study questions are al so relevant to other places
intheworld. Therefore, the question of how widely our findings
can be generalized to other online platforms in different
educational systems remains open. More research is needed to
assess the robustness and generalizability of our main findings.

It is an established finding that time spent on learning can be a
predictor of learning outcomes. For technical reasons, it was
not possible to control for time spent in our analysis. Future
studies should take this variable into account to differentiate
between the impact of time spent on learning and the impact of
specific learning activities, such as answering MCQs, reading
learning cards, and writing notes. Another question for future
research will be to figure out how tools that allow learners to
sharetheir knowledge, and mutually support each other [22-24],
can improve the effectiveness of online learning platforms in
thefield of medicine.

However, we cannot rule out the possibility that the relationship
between agreater use of learning cards, test questions, and notes
with better performance on atest may be influenced by another
variable. For example, it may be that medical students with a

Acknowledgments
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particularly high level of achievement motivation like to use
these learning opportunities and are at the same time the ones
who aready perform better. Future studies could address this
limitation by, for example, alowing one group of students to
make use of those tools and comparing them with those who
did not have this opportunity. Finaly, the question arises of
whether or not the type of examination performance recorded
hereisinfact agood indicator of knowledge acquisition. MCQs
are highly controversial in this respect. Students who have
learned alot with MCQs are better in the exam, which also uses
MCQs, but whether this better performance leads to better,
actually applicable knowledge has not yet been fully clarified.

Conclusions

Online resources can play an important role in the training of
medical professionals[25-27]. Studying learning materia online
is more effective whenever learning platforms offer their users
ways of individualizing their environment [ 28] and of engaging
more deeply with the learning topics[29]. Oneway of engaging
more deeply could involve, for example, providing practicetest
guestions or the technical means of attaching individual notes
to the learning materias, which would reinforce the learning
process.
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