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Abstract

Medicine is one of the domains in higher education with the highest demands [1]. The importance of acquiring domain-specific knowledge to

understand the scientific rationales of practical work in medicine is considered vital [2], about the specific responsibilities associated with medical
professions. Teachers in medicine are faced with specific instructional challenges, for instance, being required to teach and examine several hundred
students with heterogeneous educational backgrounds and study preconditions [3]. Consequently, in medical education practice, Multiple-Choice
(MC) tests are often used in examinations because of their high level of efficiency and practicability, and despite their well-known disadvantages such
as construct-irrelevant bias and low levels of explanatory power [4-5]. In particular, the extent to which teaching contributes to the development of
domain-specific knowledge cannot be measured by simple post-testing with MC tests and analyzing test sum scores only [6-7].

Thus, practical implications for teaching and learning in medicine can only be derived to a very limited extent. In this paper, we present a new
approach to analyzing the development of medical knowledge and suggest that a design with pre- and post-measurements and the consideration
of decomposed pre- and posttest scores, which we define as learning scores, can provide substantial additional information on medical students’
learning over the course of their studies. This practicable approach can help to inform educational practitioners about students’ difficulties in
learning and understanding certain medical contents, as well as to uncover possible student misconceptions about medical concepts and models.
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Introduction

Usually, the development of domain-specific knowledge is
measured by comparing two measurement points or by using
a difference score. However, this approach does not sufficiently
reflect the learning process and it is difficult to derive implications
for teaching practice. In some studies, an alternative approach
has been presented, in which knowledge development can be
divided into different types of learning: positive (knowledge gain),
negative (knowledge loss), retained (stable knowledge) and zero
learning (no learning) [8-9]. However, this approach is also limited
to domain-specific tasks where distractors cannot be classified as

false or correct with absolute certainty. This is often the case in

tasks representing specific medical content.

Learning and developmental psychology research suggests
that learning processes occur in a non-linear fashion by crossing
thresholds [10-12], which also includes the acquisition and
rejection of misconceptions [13]. Thus, tasks for validly assessing
acquired domain-specific knowledge should be more appropriate to
the developmental character of learning processes and move away
from simple binary correct-incorrect coding and rather use more
differentiated scorings with sub-points [14-16]. Such differentiated
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learning scores enable the consideration of different learning
patterns that go beyond the previously mentioned established
approaches.

A New Approach to Learning Scores
The

complementary method for analyzing pretest and posttest

approach presented here offers an innovative
responses from an MC test to assess medical students’ learning

processes, in this case based on an example from physiology. Using
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an innovative score decomposition approach, the seven identified
student response patterns (Table 1) provide indicators of four
student learning outcomes that, for the purposes of this study, are
described as completed learning, progressive learning, incomplete
learning and interrupted learning. The decomposed learning scores
can be used to analyze how they affect the MC test scores and for
investigating factors at the item and student level that are likely to
influence students’ understanding of concepts in physiology.

Table 1: Taxonomy of learning.
Name of Category Defined as

Completed learning 3
Progressive learning 2

(partial) learning progression
Incomplete learning 1
Stagnation/Standstill 0
Beginning learning regression -1

(partial) learning regression
Progressive learning regression -2
Knowledge loss/Interrupted learning -3

In our study, such a pre-post-design was implemented to
consider the development of the students’ domain-specific
knowledge before and after attending physiology lectures. A short
domain-specific knowledge test (12 items) in an MC format with

five response options each was developed and, as described below,

scored (with subpoints) by experts. This allows for a differentiation
of the following types in students’ knowledge development for
each test item (Figure 1). The learning patterns can be divided into
categories as indicated in Table 1.

Figure 1: Possible learning patterns for a student on a test item (4 points-full correct solution).

In our study, we focus on the following two research questions

(RQ):

L. RQ1: How can the learning process be described regarding
the development of domain-specific knowledge between both
measurement points-before (t1) and after (t2) attending the
physiology lectures when using our decomposed approach?

II.  RQ2: Which learning patterns become evident
at the individual and item level?

In addition, based on our investigation in the study reported
here, we particularly aim to explore which implications for medical
educational practice can be drawn from the student learning scores

in terms of improving teaching and learning.
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Study Design, Sample and Test Instruments

Within the framework of a pre-post study, surveys were
conducted at the beginning (t1) and end (t2) of the summer
semester 2019, six months apart. Second semester medical
students attending physiology lectures at one German university
were surveyed (N in t1=134; N in t2=132; matched sample, i.e.
students who participated in both measurements, N=97. The
surveys took place at the beginning of the first and penultimate
lecture of the semester and lasted about 25 minutes. In addition
to the participants’ domain-specific knowledge in physiology,
intelligence, sociodemographic data such as gender, language and
previous education as well as use of print and digital learning
materials and sources (such as text books, scripts, learning
platforms and study groups) over the course of their medical
studies were collected. As an incentive for participation, the
students were given the opportunity to view their test results
online after both measurements and to obtain individual feedback
on their knowledge development.

At the first measurement point, 134 medical students took part,
most of whom were in their second semester (m=2.03, SD=0.10).
More than two thirds (N=97, 72.39%) of the participants were
female and most of the students (N=116, 86.57%) stated that their
mother tongue was German. Only one fifth (N=28, 20.9%) of the
participants had not completed an advanced science course at
school. At the second measurement point, the same students were
surveyed again. At both measurement points, domain-specific
knowledge was assessed using a newly developed test containing
twelve text-based questions about physiology in an MC format,
each with five possible responses. The subsequent evaluation of
the student responses was based on a partial credit system, as
described above, meaning that the participants were given between
0 and 4 points per task depending on the chosen distractor, which
had been ranked by experts beforehand. Each task was rated by
at least two experts and the scoring results show a high interrater

agreement.

The participants’ intelligence was assessed at the first
measurement point using 20 items from the figural-spatial scale
“Figure Selection” from a German intelligence test [17]. The
participants had seven minutes to determine which of five given
figures can be formed by putting together different figure pieces.
To measure the students’ use of learning sources, two scales were
used at both measurement points to determine the frequency of
use of 11 media sources for learning adapted for this study, for an
original version, Maurer et al. To evaluate how frequently students
use these sources, the participants were asked to respond on a scale
from 1 (never) to 6 (multiple times a day) to the two questions “In
your last semester at university, how many times a week did you
use different types of media to find information about physiology
topics/to prepare yourself for lectures and exams in physiology?”.
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They had the option of adding additional sources if applicable.

As control variables, the scale on information overload the
scale on need for cognition as well as two further scales were used
at t2 to measure the processing of information over the course of
studies. Heuristic and systematic information processing were
measured with three items each, using a 6-point scale from 0 (“does
not apply at all”) to 5 (“does fully apply”), validated by Schemer
et al. and following the Risk Information Seeking and Processing
model [18,19].

Statistical Procedure

After testing the preconditions of one-dimensionality of the
domain-specific test in physiology used in this study (by using
confirmatory factor analysis) for the two types, learning progression
and learning regression, the analysis of the knowledge sum score
of t1 and t2 as well as the testing of a mean value difference via
a t-test provided first insights into the development of knowledge
from t1 to t2. To investigate underlying learning processes, learning
patterns were generated (as described above) and then evaluated
at the individual and item level.

The development from t1 to t2 was first generated item-
specifically. For the individual-centered analysis, mean scores
were then generated for the different learning patterns. Multiple
regressions were performed to analyze possible predictors of
the learning scores, whereby measured cognitive traits (such as
intelligence) were integrated in addition to socio-demographic
variables (such as gender). The analyses of the research questions
were carried out with Stata Version 15 [20], while MPlus Version
7 [21-23] was used to assess the students’ preconditions and [24]
latent characteristics.

Summary of Preliminary Results

I.  RQ1: How can the learning process be described
regarding the development of domain-specific knowledge between
both measurement points-before (t1) and after (t2) attending the

physiology lectures when using our decomposed approach?

Thanks to the expert rating of the domain-specific test tasks, it
became evident that for about half of the tasks, for instance, tasks
where knowledge about physiological facts is required, a clear
response should be expected, so that the experts recommended
adhering to the binary rating-0 (wrong response), 1 (right
response). For the remaining test tasks, for instance, with numbers
or ranges of values in the distractors, where partial scoring was
theoretically possible, the scoring was performed based on the
empirical data. In these tasks, the expected learning patterns for
the two types, learning progression and learning regression, could
be differentiated in this sample [25,26].

II. RQ2: Which learning patterns become evident at the
individual and item level?
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Significant differences in learning scores could be found at
both item and student level. At the item level, for instance, there
was one item in which most students evidently had difficulties
understanding the underlying physiological concept and where
learning scores showed a high value of “interrupted leaning”. At the
individual level, differences in learning scores about gender were
found, indicating more learning patterns in the area of learning
progression among female students compared to male students
[27,28].

Conclusion

The results regarding the two research questions presented
indicate both advantages and limitations of our newly developed
decomposition approach to analyze student learning. The
advantages can be seen in the high practicability of this approach,
which allows for differentiated analyses of the development of
knowledge over the course of studies at both individual and item
level. Analyzing learning scores enables us to uncover difficulties
and misconceptions in students’ understanding of medical
concepts and models as well as in their application in practical
contexts, for instance, solving a numerical task, so that as a result,
medical education practitioners can effectively tailor their mode of
instruction. In this sense, this new approach can significantly enrich
formative assessment in medical classrooms and can be used both
as a tool for medical educators to improve their instruction and as a
tool for students to optimize their learning strategies.

The limitations of the approach lie in its applicability to only
specific medical content, i.e. tasks where a partial scoring is
theoretically meaningful. When developing a domain-specific test
in medicine, an expert rating would have to be carried out to enable
objective partial scoring and to examine the interrater agreement
to ensure reliable measurement. In addition, further longitudinal
analyses with more than two measurement points are strongly
recommended to carry out a more comprehensive validation
following the internationally established Standards for Educational
and Psychological Testing [24]. The longitudinal data would
also allow for the application of more sophisticated statistical
analyses such as using cognitive diagnostic modelling. Based on
the preliminary results, further work on the theoretical-conceptual
analyses such as definition and description of thresholds for the
different medical concepts is also required in future studies.
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