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Abstract

We analyse interactions between teachers and students during video-recorded bedside
teaching sessions in internal medicine, orthopaedics and neurology. Multiple raters used a
high-inference categorical scheme on 36 sessions. Our research questions concern the types
of student mistakes, clinical teachers’ reactions to them and if they use different strategies
to address different types of mistakes. We used a Poisson model and generalized mixed
models to analyse these research questions. Most frequently, students made reproduction
mistakes. Relatively high rates of rejection and a similar prevalence of low and high lev-
els of elaboration and correction time for students were observed. Reproduction mistakes
were associated with the highest level of rejection and the lowest level of elaboration. High
levels of elaboration were observed when students were applying skills in new situations.
Students were most often allowed time to correct when mistakes in the areas of analysis or
application of skills and knowledge had occurred. There is a decrease in the rate of mak-
ing mistakes for neurology and orthopaedics compared to internal medicine. Reproduction
mistakes influence significantly the outcome feedback compared to application mistakes.
Analytic and reproduction mistakes influence elaboration significantly compared to appli-
cation mistakes. We found a significant effect whether the lecturer allows time for correc-
tion of reproduction mistakes compared to application mistakes. These results contribute
to the understanding of interactive, patient-centred clinical teaching as well as student mis-
takes and how teachers are reacting to them. Our descriptive findings provide an empirical
basis for clinical teachers to react to student mistakes in didactically fruitful ways.

Keywords Bedside teaching - Medical education - Student mistakes - Teacher feedback -
Teaching methods - Teacher reaction - Video study

Hannah P. K. Rubisch and Anna-Lena Blaschke are shared first author.

P4 Martin Gartmeier
martin.gartmeier @ tum.de

Lehrstuhl fiir Medizindidaktik, medizinische Lehrentwicklung und Bildungsforschung Technical
University of Munich (TUM), TUM School of Medicine, TUM Medical Education Center,
Ismaninger Strafe 22, 81675 Munich, Germany

2 Institute of Al and Informatics in Medicine, Technical University of Munich (TUM), TUM School
of Medicine, Munich, Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10459-023-10233-y&domain=pdf
http://orcid.org/0000-0001-5477-5432
http://orcid.org/0000-0002-1111-0905
http://orcid.org/0000-0002-8354-6660
http://orcid.org/0000-0002-9723-393X
http://orcid.org/0000-0002-5025-0003

1524 H. P. K. Rubisch et al.

Introduction

Bedside teaching is a long-standing core element of most medical curricula and a signa-
ture pedagogy (Shulman, 2005) of medical education. Nevertheless, the amount of time
dedicated to bedside teaching has significantly declined over the past years (Ahmed, 2002).
With the coronavirus pandemic starting in 2019 (COVID-19), the time physically spent at
bedside further decreased (Miller, 2020). This accentuates the need to use the time dedi-
cated to bedside teaching effectively. This challenges medical education research to deter-
mine which factors are essential for the quality of bedside teaching. In this context, one
aspect which has not yet been analysed systematically is how clinical teachers handle stu-
dent mistakes (Fischer et al., 2006; Lester & Tritter, 2001) in didactically fruitful, learning-
oriented ways. In being a practice- and discussion-oriented instructional format, bedside
teaching offers many opportunities for students to actively contribute (e.g. through engag-
ing in clinical examination, clinical reasoning and decision-making) (Burch et al., 2006;
Celenza & Rogers, 2006; Dreiling et al., 2017; Gonzalo et al., 2013; Nair et al., 1998;
Peters & Cate, 2014; Ramani, 2003; Williams et al., 2008). In performing these activi-
ties, students also make mistakes, which represent valuable opportunities to reflect and
learn. As argued by Fischer et al., 2006; Tulis, 2013, whether mistakes in instructional set-
tings are learned from depends upon (clinical) teachers’ reactions to mistakes. Substantial
research has shown the importance of whether teachers manage to create a constructive
and emotionally safe atmosphere in which student mistakes can be openly addressed and
discussed in ways that allow to identify and correct underlying misconceptions (Edmond-
son, 1999; Tsuei et al., 2019).

Drawing upon these points, we empirically investigate which types of student mis-
takes occur in bedside teaching, how clinical teachers react to these mistakes and to which
degree they adapt their reactions to different types of student mistakes. We video-recorded
a sample of bedside sessions from various clinical domains, identified student mistakes in
these sessions and rated the subsequent teacher reactions using a theory-based categorical
scheme. We will also characterise bedside teaching as an instructional method, elucidate
the importance of learning from mistakes and the role of clinical teachers in this context.

Bedside teaching in medical education

Bedside teaching can be briefly characterised as ‘the process of active learning in the pres-
ence of a patient’ (Nair et al., 1998, p. 159). Weinholtz et al. stated that ‘according to medi-
cal students systematic self-reports’, the learning in the presence of patients, is ‘among
the most influential learning experiences encountered in medical school’ (Coppernoll &
Davies, 1974; Weinholtz et al., 1989).

In actual clinical teaching, bedside teaching is practised quite heterogeneously (Peters
& Cate, 2014). Mostly, bedside teaching for undergraduate students takes place in small
groups led by a doctor who is temporarily released from ward work (Raupach et al., 2009).
Its primary purpose is to educate the students and less to care for the patients, as they are not
directly cared for by the respective students (Dybowski & Harendza, 2013). Mostly, students
are not passive recipients of information in bedside teaching, but are engaged in active and
skills-/knowledge-oriented forms of learning. These involve, among others, clinical com-
munication, examination techniques, clinical reasoning and case presentation skills. These
skills are practised along with various typical phases of bedside teaching in which students
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assume responsibility for preparing a patient case and interviewing and/or examining the
patient (Celenza & Rogers, 2006; Dreiling et al., 2017; Gonzalo et al., 2013; Nair et al.,
1998; Peters & Cate, 2014; Williams et al., 2008). The point of these didactically orches-
trated activities is to help students to learn how to correctly apply their knowledge and skills
to specific patient cases in professional and competent ways. Furthermore, bedside teaching
gives students many valuable opportunities to make mistakes and learn from them.

Definition and types of mistakes

To substantiate the latter point, we will define mistakes and introduce a taxonomy of stu-
dents’ mistakes applied in the present study. Moreover, we will elaborate on how learning
from mistakes in the context of bedside teaching can be conceptualised in relation to the
different types of mistakes.

The term mistake is used to describe individual actions or their outcomes. Labelling
these as mistakes means that an action (or its outcomes) deviates in a deficient way from
a specific goal or standard, which is relevant in the respective context (Bauer, 2008). In
medicine, in many cases, expert professionals are responsible for performing such judge-
ments. Thus, for the purpose of the present study in the context of bedside teaching, we
define mistakes as situations wherein a clinical teacher explicitly judges a (verbal or practi-
cal) student contribution as incorrect.

Drawing upon this definition, we differentiated several types of mistakes on the basis
of the classification advanced by Anderson and Krathwohl (2001) based on Bloom’s well-
established taxonomy (1956).! This hierarchical model describes how knowledge is used to
perform cognitive operations in different levels of complexity, from recalling knowledge,
demonstrating the understanding of knowledge, applying knowledge to solve problems
and, finally, using knowledge to perform differential analyses of subject matter.”> On this
basis, we differentiate student mistakes along with different types of knowledge (e.g. facts,
concepts and procedures) and the underlying levels of cognitive processing (cf. Table 1,
Mindnich et al., 2008).

Remembering information is the basis of Anderson and Krathwohl’s taxonomy. Mis-
takes relating to this level are reproduction mistakes. Such mistakes occur when students
wrongfully remember a concept that they have previously learned, e.g. because they mix
up approaches or have a wrong/incomplete understanding of the subject matter (Olde Bek-
kink et al., 2016). An example of a reproduction mistake is when the medical teacher (MT)
discussed important anamnestic questions with the students (S1 and S2) during tumour
anamnesis. MT: Then the B symptoms are important. And what do we mean by that?

S1: Fever

MT: Exactly, there are three symptoms?

S1: Fatigue

S2: Night sweats, weight loss

MT: Fatigue fits in but is not part of the definition.
VIFI?

1 Also cf. matrix of the classification, (Brand et al., 2005).
2 Please note that Anderson et al.,; 2001 differentiated two further levels, evaluating and creating, which
were not applicable in the context of our study and hence are not mentioned here.

3 Code of mistake.
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Table 1 Categories of student mistakes

Main category (Reference to Anderson et al.,
(2001))

Brief description

Reproduction mistakes (Remembering)
Comprehension mistakes (Understanding)
Wrong application of skills (Applying)
‘Wrong application of knowledge (Applying)
Analytic mistakes (Analysis)

Other mistakes

Mistakes related to misunderstandings/misinterpre-
tations

Misconceptions regarding basic biomedical subject
matter

‘Wrongful connections or conclusions from basic
biomedical subject matter

Incorrect application of skills

Incorrect application of knowledge

Mistakes in the areas of analysis and/or evaluation of
medical problems or creation of diagnostic and/or
therapeutic strategies

Mistakes that do not belong into any of the above
groups

Teacher instruction being vague or incomplete or cor-
rect student reaction to misjudged teacher initiative

due to misunderstanding/misinterpretation Wuttke
(2008, p. 97)

On the next level, understanding, we speak of comprehension mistakes when a stu-
dent has not properly understood a specific concept or process. The following situation
shows a comprehension mistake. It happened when the MT discussed about a patient
with suspected diffuse large B-cell lymphoma to practise clinical reasoning with the

students.

MT: This CRP increase may have also been caused by the tumour. How can you
differentiate between an increase due to the tumour and an increase because of an

infection with bacteria?

S: We can determine the IL-6 (Interleukin 6) value.
MT: IL-6 is a good marker as it increases rapidly after infection, but it is an

inflammatory mediator like CRP.

You can determine the Procalcitonin value which may indicate a bacterial infec-

tion if positive.
V3F3

Then, we differentiate between two forms of mistakes occurring in the field of appli-
cation, specifically in the areas of skills and knowledge. Skills-related application mis-
takes occur when a student performs an examination on a patient wrongfully.

S1 does not follow the predetermined sequence when conducting the abdominal

examination

MT: The technique of percussion was good, however is there a correct sequence
which makes more sense than what you just demonstrated?

S1: ... [Student pauses]

MT: If we suspect ascites, how would it make the most sense?
S2: 1 would go from the centre to the side.
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MT: yes exactly, quite right
VI1F3

Similarly, students may also apply knowledge in wrongful ways. Application mistakes
regarding knowledge may occur when a student solves problems formulated by the lecturer.
In the following example, the setting is the sonography of the abdomen with colour duplex:

MT: What do the colours show me?

S1: Red means it is flowing towards the transducer, blue is flowing away.
MT: How does the blood flow in the portal vein?

S2: Towards the liver, that is away from the transducer.

MT: No, towards the transducer, you can see that quite well here.

VI1F7

Relating to the level of analysis, we further differentiate analytic mistakes. Such mis-
takes typically occur in the context of higher-order mental processes, such as clinical rea-
soning, and are characterised by wrongful analysis or evaluation of the subject matter. The
following example is about secondary prophylaxis after a stroke:

MT: Duplex sonography shows plaques in the medial cerebral artery. Which medica-
tion do we give the patient?

S: ASA 100 mg

MT: Yes, that’s right. Let’s say many plaques are detected.

S: DOACs

MT: Would you give him an ASA 100 mg and a DOAC now?

S: Yes

MT: All of you?

Ss: [laughter]

MT: If I ask so stupidly. When do you give DOAC or Marcumar? For atrial fibrilla-
tion. If the patient doesn’t have atrial fibrillation, we don’t need to give him antico-
agulation.

V16F1

Finally, we used two more categories of mistakes not related to Anderson and Krath-
wohl’s scheme: some student mistakes relate to the misunderstandings or misinterpreta-
tions of the teacher’s questions. Such mistakes sometimes occur when the teacher’s instruc-
tions are vague/incomplete or when the clinical teacher misjudges a students’ reaction
(Wuttke, 2008). Finally, we used one residual category, that is, other mistakes, for instances
of mistakes that did not fit into any of the above categories.

Teacher reactions to student mistakes in bedside teaching

‘As medical students, whether preclinical or on the wards, we live in fear, afraid to make
a mistake, to forget a fact, to appear stupid in front of peers or superiors [...]."” Miller
describes (2010, p. 1629). Bedside teaching is effective as a didactic format because clini-
cal teachers can constructively address and discuss students’ misconceptions (which mani-
fest in the mistakes students make). Nevertheless, it is not trivial for such learning to occur.
In a bedside teaching study among fourth-year medical students Olasoji described that
‘a clinical teacher belittles and/or humiliates a student who has fallen short of expected
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performance’ (2018, p. 483). As existing theory (Bauer, 2008; Tulis et al., 2016; Wein-
gardt, 2004) and empirical evidence (Metcalfe, 2017; Spychiger et al., 1998; Tulis, 2013)
show, such behaviour can result in students feeling anxious and uncomfortable—emotions
that impair learning in general and mistake-related learning in particular. Therefore, clini-
cal teachers should strive to create an atmosphere in which students feel psychologically
safe (Edmondson, 1999; Newman et al., 2017). Such an atmosphere is considered as a pre-
requisite for students’ willingness to verbalise their assumptions and thoughts behind an
erroneous contribution or action, which, in turn, is a prerequisite for addressing the mis-
take constructively. As bedside teaching is a very interactive small-group format, it offers
favourable conditions for such learning. Nevertheless, we assume that the direct reactions
clinical teachers show when student mistakes occur are decisive regarding whether an
error-friendly climate is created.

In the present study, we operationalised teacher reactions drawing upon three catego-
ries adopted from Wuttke (2005, 2008) and Crespo (2002), i.e. feedback, elaboration and
time for correction (cf. Table 2). Regarding feedback, we differentiate between the explicit
rejection of a student statement or an action and further inquiry. An example for the former
would be a teacher responding ‘No, that’s wrong!’ to a student statement. Examples for
further inquiry are questions like: ‘Are there any other ideas?’ or ‘What do the others think
about this?’.* Then, we coded the degree of elaboration after a student mistake. Low elabo-
ration was coded if only a brief correction without any further discussion was undertaken.
In contrast, we coded high elaboration in cases where clinical teachers initiated discus-
sion and reflection. Finally, we coded whether teachers allowed ample time for students to
correct the mistakes they had made. We coded fime when the students were given time to
reflect their answer; when comprehension questions or student utterances demonstrating
contemplation, such as ‘Ah yes, I understand’ were occurring; or when students were cor-
recting their mistakes themselves.

One research question in this study aims to determine whether clinical teachers adapt
their reactions to the different types of student mistakes in didactically fruitful ways.

Types of mistakes and teachers’ responses are both contextual and can vary with the
learning situation itself. Depending on learning content and subject, different forms of bed-
side teaching are described (Aldeen & Gisondi, 2006; Almutar et al., 2013; Peters & Cate,
2014). Thus, it is useful to distinguish between different medical disciplines in the analysis.

Hence, in the present study, we address three research questions:

1. Which types of student mistakes occur during bedside teaching lessons?

2. How do clinical teachers react to the different types of student mistakes in bedside
teaching lessons?

3. Do clinical teachers use different strategies to address different types of student
mistakes?

Moreover, we aim to investigate how clinical teachers in three medical disciplines,
i.e. internal medicine, neurology and orthopaedics, handle student mistakes in bedside
teaching and then analyse the research questions comparing the individual medical
disciplines.

4 Besides, this category may show in a teacher posing other questions or explicating more to help the stu-
dent comprehend (without stating that the first answer was wrong).
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Materials and methods
Ethical considerations

The ethics committee of the TUM Rechts der Isar University Hospital reviewed and
approved the present study (Application code 360/18 S). We informed all teachers and stu-
dents about the study well in advance of the course via email. We only filmed lessons when
the respective teachers and all of the students had declared their willingness to be part of
the study. The students in the courses selected for video recording were given the oppor-
tunity to be assigned to another course if they did not wish to be part of the study (seven
students used this opportunity). At the beginning of each lesson (before starting the video
recording), a member from our research team was present to again inform the participants
about the study, respond to open questions and collect written consent from all participants.
We started the video recordings only after all the individuals in the room had declared
consent. All of the patients involved in the present study had also declared verbal consent
before the bedside lesson, and their written approval was obtained immediately afterwards.

Sample

In a preliminary study, we had videotaped three clinical bedside teaching lessons in the
summer of 2018. Such data were used to examine and optimise the data collection pro-
cedure, especially the coding scheme used in the main study. Therein, 36 bedside les-
sons were filmed (12 internal medicine, 12 neurology and 12 orthopaedics) in the winter
semester of 2018-2019. All analyses reported in this paper rely on data from these les-
sons. The 36 lessons were given by 24 different teachers. This means we filmed 12 teach-
ers once and 12 teachers twice. The demographic data of teachers and students (teach-
ers: medical discipline, age and sex; students: age, sex and year of medical studies [cf.
Blaschke et al. (2022)]), were collected by means of questionnaires handed out at the end
of the lessons. The lecturers in the present sample had an average age of 33 years (range
26-46 years). Six teachers were female, and 18 were male. A total of 259 students took
part in the videotaped bedside lessons and were visible in the videos (Ngpy yv=259). Out
of these, only 245 of these students returned the distributed questionnaire 7(94.6% return
rate, Ngpy o=245) which means we can only provide demographic information on this
part of our sample. 137 (58.5%) out of these 245 respondents were female, 97 (41.5%)
were male and 11 (4.5%) did not specify their gender. On average, the bedside teaching
lessons were attended by seven students (SD=2.7, Min=4, Max=13) which mostly stud-
ied in their second clinical year (fourth year overall). Their median age was 23 years (IQR
22-24 years, mean age 23.7 years (SD=3.1)).

Our sample comprised three general subject areas to which the seminars were associ-
ated to, i.e., internal medicine (with subdisciplines: gastroenterology, haemato-oncology,
cardiology & pneumology and rheumatology, endocrinology & nephrology), neurology
and orthopaedics.

Video recording of bedside teaching lessons
Different methodological approaches have been introduced to investigate bedside teaching,

among them being audiotaping (Al-Swailmi et al., 2016), using structured questionnaires
(Ben Salah et al., 2015) and video-analytic research methods (Rees et al., 2013; Rizan
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Fig. 1 Camera setup in the
patient room (components of this P
graphic are provided unrestricted
and copyright-free by Microsoft,
figure adapted from Blaschke

et al. (2022)). P=Patient,

R =Researcher, S =Student

et al., 2014; Weinholtz et al., 1986). As it allows for fine-grained analyses of how teachers
and students interact, we argue that videography is particularly promising (Janik & Seidel,
2009; Seidel, 2005; Seidel & Thiel, 2017). The video recordings were made by trained
staff from our research team using one camera (cf. Figure 1). This camera followed the
group when they changed location (e.g. from a meeting room into a patient room). In the
patient room, we made sure that the faces of the patients were not visible on the videos to
retain their anonymity. To do so, the cameraperson stood next to the head of the patient’s
bed, and the camera was directed towards the students. In this way, the patients were not
visible but audible in the video recordings.

Categorical scheme and coding process

To analyse the video material, a hierarchical categorical scheme was created on the basis
of the published rating schemes used in previous video studies (Seidel, 2005). In the first
step, all mistakes were marked along with other codes. In a succeeding round, the mistakes
were approved and classified more precisely using the codes already described in the theo-
retical background of the study (cf. Tables 1 and 2 for code descriptions). Our basis for
assigning the code student mistake was that a correction was made by a clinical teacher
(cf. Mindnich et al., 2008) and included mistakes on both verbal and nonverbal levels (e.g.
mistakes occurring during a clinical examination). A Cohen’s kappa of 0.84 was achieved
for the classification of a mistake. To classify the mistakes of our sample more precisely in
the next step, we first used the video material from the preliminary study to train the raters.
After a satisfactory agreement was reached, we moved on to the main study. In the pre-
sent study, a Cohen’s kappa of 0.84 for the categorical scheme type of the student mistake,
0.64 for feedback, 0.91 for the level of elaboration, and 0.66 for time for correction were
achieved.

Statistical analyses

We used Microsoft Excel and Mangold Interact to code and SPSS (IBM SPSS Statistics,
Version 28.0. Armonk, NY) and R 4.0.1 (R Foundation for Statistical Computing, Vienna,
Austria) to perform the calculations. With groups of equal size (3 times 12 seminars) and
non-normally distributed frequencies of mistakes, we used the Kruskal-Wallis test to
detect the differences in central tendency. As a post-hoc test, we applied the Bonferroni test
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20- ¢

15-

Discipline

E Internal medicine
10-

‘ Neurology

g Orthpaedics

Mistakes per hour

Internal medicine Neurology Orthpaedics
Discipline

Fig. 2 Proportion of total mistakes of each discipline per total video duration of the according discipline

and thereby correct for multiple testing in the individual test. We modelled the data accord-
ing to the student mistakes per hour and used Poisson models for the mistake rate, adjust-
ing for the medical discipline. To investigate the effect of the different disciplines to the
clinical teacher reactions we provide generalized mixed models. In the following section,
our data are presented by absolute and relative frequencies. Stacked bar charts are used to
display the distribution of the relative frequencies of the categorised teacher reactions to
student mistakes within bedside teaching lessons.

Results

We observed substantial differences regarding the length of the filmed lessons. We found
a mean duration of 128.9 min (SD=30.5 min); the shortest lesson lasted 79.9 min and the
longest 181.9 min, with an IQR of 57.0 min from 103.6 to 160.6 min. Regarding the three
main medical disciplines, we found that lessons were shortest in orthopaedics with an aver-
age duration of 116.1 min (SD =29.5 min) and longest in internal medicine with an average
duration of 144.3 min (§D=22.7 min) per lesson. For neurology, we observed an average
duration of bedside lessons of 126.4 min (SD=33.5 min).

Most student mistakes occurred in internal medicine (199) and in neurology (123). In
orthopaedics, the least number of mistakes was observed (50). In sum, we observed 372
mistakes; this equals 10.3 mistakes per bedside teaching session on average. At the indi-
vidual bedside teaching level, this translates to a mean of 6.4 mistakes per hour in internal
medicine (SD=5.2), 4.5 mistakes per hour in neurology (SD=3.1) and 2.1 mistakes per
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Table 3 Ratio of the mean

Discioli

of mistakes per hours of the 1scipline

according discipline Proportion Internal medicine Neurology Orthopaedics
0.001915229 0.7057836 0.3124473

Table 4 Poisson model modelling the mistake rate in dependence of the discipline

Poisson model for the mistake rate in dependence of the discipline

Deviance residuals

Min 1Q Median 3Q Max
—3.7504 —2.3734 —0.5542 0.6415 6.9002
Coefficients

Estimate Std. Error  z-value Pr (>1zl)
(Intercept) —6.25792 0.07089 —88.279 <2e-16 *#*
Discipline neurology —0.34845 0.11470 —3.038 0.00238 **
Discipline orthopaedics ~ — 1.16332 0.15819 —17.354 1.93e-13 ***
Signif. codes Q “HEE 0.001 “*** 0.01 “* 0.05 <’ 0.1. 1

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 252.59 on 35 degrees of freedom
Residual deviance: 186.66 on 33 degrees of freedom
AIC: 321.79

Number of Fisher Scoring iterations: 5

hour in orthopaedics (SD = 1.5). The difference in central tendency in the frequency for the
individual seminars between internal medicine and orthopaedics was statistically signifi-
cant (p=0.012 after Bonferroni correction).

We looked at the proportion of total mistakes of each discipline per total video dura-
tion of the according discipline (Sum of events/Sum of total time, cf. Figure 2). In case of
internal medicine the proportion was directly 0.0019, for neurology it was 0.0014 and for
orthopaedics it was 0.00060.

The ratio of the mean mistakes per hours of neurology to internal medicine was directly
obtained by 0.0014/0.0019=0.71 (cf. Table 3), equalling the same value as in the Poisson
model (0.71). Furthermore, the mistake rate of orthopaedics compared to internal medi-
cine was: 0.00060/0.0019=0.31 as the corresponding coefficient estimate of the Poisson
regression.

Poisson models results

Table 4 shows a Poisson model of the mistake rate per discipline. We modelled mistakes
per hour as outcome in dependence of the covariate “Discipline”, with the intercept indi-
cating the log mistake rate for internal medicine. Exp(— 6.3)=0.0019 was the predicted
mean number of mistakes for the discipline internal medicine. The rate ratio of neurol-
ogy as compared to internal medicine was exp(Neurology)=exp(— 0.35)=0.71. This
means that there was a decrease in the rate of making mistakes for the discipline neurology
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Table 5 Poisson model for the mistake rate, adjusted for the discipline, as well as the number of students

Poisson model for the mistake rate adjusted for the discipline and the number of students

Deviance residuals

Min 1Q Median 3Q Max
—3.6736 —2.2104 —-0.3507 0.3518 6.7597
Coefficients

Estimate Std. Error  z-value Pr (> Izl)
(Intercept) —5.82527 0.21636 —26.924 <2e-16 *¥*
Discipline neurology -0.32336 0.11592 —2.789 0.00528 **
Discipline orthopaedics —0.75181 0.25660 —2.930 0.00339 **
Number of students —0.08145 0.03943 —2.065 0.03888 *
Signif. codes Q ‘s 0.001 “**  0.01 ** 0.05 “’ 0.1.° 1

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 252.59 on 35 degrees of freedom
Residual deviance: 181.84 on 32 degrees of freedom
AIC: 318.98

Number of Fisher Scoring iterations: 5

Table 6a. Poisson model for the mistake rate, adjusted for the discipline, as well as the number of students
and the rate for females

Poisson model for the mistake rate adjusted for the discipline as well as the number of students and the
rate for females

Deviance residuals

Min 1Q Median 3Q Max
— 4.4069 - 19110 -0.2214 0.9585 4.0379
Coefficients

Estimate Std. Error  z-value Pr (> Izl)
(Intercept) — 6.35899 0.25403 —25.033 <2e-16 ##*
Discipline neurology —0.41811 0.11671 —3.582 0.00034 *#**
Discipline orthopaedics ~ — 0.67105 0.26294 —2.552 0.01071 *
Number of students —0.13848 0.04236 —3.269 0.00108 *3*
Rate for females 1.59762 0.32229 4.957 7.16e-07 ***
Signif. codes Q ok 0.001 “** 0.01 “* 0.05 “’ 0.1.% 1

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 252.59 on 35 degrees of freedom
Residual deviance: 157.63 on 31 degrees of freedom
AIC: 296.76

Number of Fisher Scoring iterations: 5
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Fig.3 a Mistakes per hour of each discipline plotted against covariate female rate, b Mistakes per hour of
each discipline plotted against covariate female rate without outlier
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Table 6b Poisson model for the mistake rate, adjusted for the discipline, as well as the number of students
and the rate for females without outlier

Poisson model for the mistake rate adjusted for the discipline as well as the number of students and the
rate for females without outlier

Deviance residuals

Min 1Q Median 3Q Max
—3.7356 — 1.8825 -0.2277 0.8120 4.2507
Coefficients

Estimate Std. Error  z-value Pr (>Izl)
(Intercept) -6.21178 0.26140 —23.764 <2e-16 ¥k
Discipline neurology —0.12632 0.13238 —0.954 0.3400
Discipline orthopaedics —0.58338 0.27076 —2.155 0.0312 *
Number of students —0.07894 0.04530 —1.743 0.0814
Rate for females 0.29918 0.41405 0.723 0.4700
Signif. codes Q stk 0.001 “**> 0.01 “*’ 0.05 °” 0.1.“ 1

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 169.61 on 34 degrees of freedom
Residual deviance: 127.02 on 30 degrees of freedom
AIC: 260.25

Number of Fisher Scoring iterations: 5

compared to internal medicine. The rate ratio of orthopaedics also indicated a decrease in
orthopaedics compared to internal medicine by exp(— 1.2)=0.31.

We provide a model for the mistake rate, adjusting for the discipline as well as the num-
ber of students (Table 5) and the rate for female students in the seminar (Table 6a). Fig-
ures 3a and b explain why the female rate appeared significantly in Table 6a: As expected,
fitting the model again without the outlier of 20 mistakes per hour (internal medicine)
removed the significant effect of the covariate female rate (cf. Table 6b).

RQ 1: Which types of student mistakes occur during bedside teaching lessons?

To answer this question, we describe the prevalence of the types of student mistakes
in our video data (cf. Table 7). In internal medicine, reproduction mistakes (42.2%) were
most frequent. In neurology and orthopaedics, the type of mistake with the highest preva-
lence was wrong application of skills (42.3% and 26.0%, respectively). Furthermore, in
orthopaedics, different types of mistakes were more evenly distributed than in the other
two disciplines.

RQ 2: How do clinical teachers react to student mistakes in bedside teaching
lessons?

Table 8 shows the prevalence of the different types of teacher reactions to the mistakes
made by medical students for the disciplines internal medicine, neurology and orthopaedics.

First, we look at the categorical scheme feedback, comprising explicit rejection and fur-
ther inquiry. As shown in Table 8, the clinical teachers more often explicitly rejected a stu-
dent mistake (62.1%) when compared to allowing further inquiry, which includes leaving
false statements or examination techniques uncorrected at first. This trend of direct rejec-
tion is most apparent in neurology (83.7%) and orthopaedics (74.0%), whereas in inter-
nal medicine, teachers reacted to 54.3% of the mistakes with further inquiry instead of
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rejection. The differences between internal medicine and neurology (p=0.001) as well as
orthopaedics (p =0.006) are statistically significant.

Regarding the level of elaboration, the overall result was an overweight of highly elabo-
rated reactions to mistakes compared to reactions with low elaboration (55.1% vs. 44.9%).
Nevertheless, in the three medical disciplines, we observed a more differentiated picture. In
internal medicine, this general trend was even more pronounced, and the teachers reacted
most often with a high level of elaboration (58.3%), i.e. by providing time to thoroughly
discuss a mistake. This trend was also apparent in neurology but less pronounced with
54.5%. In orthopaedics, reactions with high levels of elaboration were less observed (44%).
In this discipline teachers had the tendency to react with low elaboration (56.0%).

A further difference emerged in the field of time allotted for the correction of the mis-
take. Here, physicians from orthopaedics and neurology more often gave their students
time to correct their mistakes (64.0% and 63.4%, respectively), whereas their colleagues
from internal medicine allowed time for correction in only 47.2% of the cases.

For investigating the effect of the different disciplines to the different teacher reactions
we proposed a generalized mixed model, respecting the dependency of lecturers. This was
important as the same lecturers held several seminars.

Generalized mixed models

For the generalized mixed model we proposed a random intercept, respecting the depend-
ency of the covariate individual clinical teachers. This allowed to incorporate the subject-
specific dependence structure into the model.

Feedback (cf. Table 9)

In Table 9 we can see that the effect of a reproduction mistake had a significant influ-
ence to the outcome feedback compared to its reference category application mistake. In
case of making a reproduction mistake compared to an application mistake, the odds ratio
for an explicit rejection decreased by a multiplicative effect of exp(— 0.91)=0.40. Elabora-
tion (cf. Table 10).

With regard to low or high elaboration, analytic and reproduction mistakes had a signifi-
cant influence compared to an application mistake. Making an analytic mistake compared
to an application mistake, the odds ratio for a high elaboration increased by a multiplica-
tive factor of exp(1.4)=4.2. In case of reproduction mistakes with reference to applica-
tion mistakes, the odds ratio for a high elaboration decreased by a multiplicative effect of
exp(— 0.68)=0.51.

Time for correction (cf. Table 11)

Also the investigation whether the lecturers allowed time for correction or not showed
a significant effect of reproduction mistakes compared to an application mistake. A repro-
duction mistake compared to an application mistake reduced the odds ratio for allowing
time for correction was exp(— 0.61)=0.54.

Mixed models

The mixed models in Tables 12, 13, 14 allowed to incorporate the type of student mistake
as well as the discipline for the outcomes feedback, elaboration and time for correction.

@ Springer



H. P. K. Rubisch et al.

1540

(2 4]

eIsTIA uononpoidoy

€LLS6'0
x% S0L00°0
€CYIL'0
°9¢erT0
611S€0
(7<) 1d

S0L6C
XeJ

943
pisarjp

v1T0
80C°0

DEISIIA OnA[euy

o 10 &S00

€500 —
¥69°C —
00€0 —
991l —
926'0 —
oneA-z

961L°0
(o]3

Syey
QouRIA(

Lye0
S0
861°0

a3pajmouy] Jurpredax
yelstA uoneorddy

o 100

88€6¢°0
LTLEE0
£0¥€9°0
LYS1v'0
8198¢0
Jolrg 'pIS

LLE'T

A PIS

96140 —
ueIpI

TTIT—
8o

L9¢°0 —
cIvo—
§eco—
GSe0—

(nup)

k10070 ks 0
880700 —
698060 —
LT061°0 —
€Yr8Y0 —

6LLSE0 —
ewnsyg

L68'1

QOUBLIEA

67650 —
01

8'6SY
old

eISTIA uoTsuayardwo))

ISt uononpordoy

MEISTIA ONATeuy

a3pajmouy] urprear ayeIsIy uonesrddy

$193ffa paxif Jo uoyv)aLio)

S9pOd "JIUSIS

soyeisT uorsuoyaIrdwo))

soyejsT uononpoIdoy]

soyeIsIw onAreuy

a3parmouy| urpreSar sayeIsIy uoneorddy
(3doo1ayuy)

s10aff2 paxi]

19€ :5q0 Jo ToquinN
(3doo1oyu)

QweN

s102[f2 wopuvy
SOLL'T —

Ul

s|pnpisai pajpog
S9¢ey

a1V

[ponTow3] (uonewrxorddy aoejde ) pooyreyI] wWNWIXeW Aq JIj [OPOW PIXTW IEIUI| PIZI[LISUALD)

OrQPa9 :S)NSAI [OPOW PAXIW PAZI[LISUSD) 6 d|qeL

pringer

Qs



1541

Student mistakes and teacher reactions in bedside teaching

cIvo

ARISTA
uon
-onpoidoy]

SPLEO
% ELTO0
x 8820°0
L0
LLYT0
(z1<) 1d

006¢'1
XeN

993
pisarjp

I3}

0

081°0
€S1°0

DEISTIAL OnATeuy

5§00

8880
[8€°C —
981°C
9ce0 —
8¥¥'l
onyea-z

LOES0
[o]3

€6LY
QouerAd(g

£€ee0
Yer'o
8LI'0

a3pamouy| Jur

-pae3a1 oyeIstA uoneorddy

a6 1070

0860
16820
¢cs9'0
G86¢0
6LCC0
I01I "PIS

8¥1°0

AQ PIS

$785°0
ueIpIy

L'6£T —
Jr180]

€050 —
€90 —
0LT0—
SIS0 —

(nu)

ok, 10070 ks, 0

€51€0
L8L90 —
8STr'l
OLTT'0—
00€€0
qewnsy

L00T°0
QouRLIBA

TIT60 —
01

LYIS
old

MeISTA uorsuayardwo))

yeIsIAl uononpoiday

AYRISTIA ONATRUY

a3paormouy] urprear ayeIsIA uonesrddy

s19affa paxif Jo uoyv)aLio)

S9pOo "JIUSIS

SOYBISIA] uoIsuayaIdwo))

SOYRISIA] uononpoiday

SOYBISIA ONATRUY

a3paormouy] Jurpregar sayeIsiy uoneorddy
(3doo1oyuy)

s1affa paxi]

19€ :5qO JO I_quINN
(3dao1ayuy)

QweN

$102ff2 wopuvy
6169C —

UIN

s|pnpisat papog
114

)04

[ponTow 3] (uonewrxorddy aoe[deT) pooyrayI] WNWIXEW Aq JIj [OPOW POXTW JESUT| PIZI[LISUILD)

UOTBIOqE[H :SINSAT [9POW PIXTUWI PIZI[LIdUAD) (| d|qel

pringer

As



1542 H. P. K. Rubisch et al.

RQ 3: Do clinical teachers use different strategies to address different types of stu-
dent mistakes?

To answer the third research question it was investigated whether clinical teachers
responded differently to different types of students’ mistakes. We use stacked bar charts
to illustrate our results.

In Fig. 4 we can see the feedback of clinical lecturers to the different types of mis-
takes. For each type of mistake there was more often an explicit rejection observed
compared to a further inquiry. The type of mistake associated with the highest amount
of cognitive complexity, i.e. analytic mistake, was associated with the highest degree of
open rejection.

Regarding the level of elaboration (Fig. 5), the clinical teachers reacted with a higher
level of elaboration to application mistakes (both skills and knowledge, 58.0% and
55.8%, respectively), information retrieval mistakes (80.0%) and comprehension mis-
takes (65.5%) compared to reproduction mistakes (43.4%). After correcting for multi-
ple testing, only the difference in central tendency between the reproduction mistakes
and information retrieval mistakes was significant (p =0.023).The data in Fig. 6 show
that clinical teachers least frequently allowed time for correction of mistakes repre-
senting the lowest levels of cognitive complexity, i.e. reproduction and comprehension
mistakes. Only after 46.9% of such mistakes, the students were given time for reflec-
tion/correction. In cases where students wrongly applied their knowledge or skills, the
clinical teachers allowed time for correction of these mistakes in 62.2% of the cases
observed. Finally, in 80.0% of the analytic mistakes made by the students, the teachers
allowed time for correction, which was the highest value in our study.

Discussion

In this study, we report a video-analytic study on bedside teaching lessons from internal
medicine, neurology and orthopaedics. Based on our analyses, three different research
questions were addressed: (1) which types of student mistakes can be observed in cur-
ricular bedside teaching sessions, (2) how do clinical teachers react to these mistakes
and (3) do they use different strategies to address different types of mistakes? In the
following section, we will focus on the main results of our study and put these into per-
spective regarding research-related, practical and methodological considerations.

Frequencies of the different types of student mistakes

Researchers have argued that the students’ knowledge-related misconceptions can be detri-
mental for further learning and that it is a great challenge for medical educators to detect the
students’ misconceptions and address them didactically (Olde Bekkink et al., 2016). From
a learning theoretical perspective (e.g., Tulis et al., 2016), each student mistake presents an
opportunity for clinical teachers to investigate whether other students have similar miscon-
ceptions. In line with this, these misconceptions can be purposefully addressed by discussing
them in small groups. This also applies to students’ clinical skills, as shown in our results.
Our study outcomes indicate that bedside teaching provides a very promising context here: we
observed a high frequency of students verbalising erroneous knowledge about medical subject
matter or making mistakes on the level of practical clinical skills.
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1544 H. P. K. Rubisch et al.

In existing descriptions and empirical studies on bedside teaching, the opportunity for stu-
dents to learn from their (knowledge and skills-related) mistakes is sometimes hinted about or
mentioned (e.g. Peters & Cate, 2014; Ramani, 2003) but has so far not yet been discussed in
conceptual or empirical studies. In Ramani, 2003 article twelve tips to improve bedside teach-
ing, which is still frequently cited in the medical education literature, the notion of using stu-
dent mistakes as starting points for teaching and learning plays only a minor role. Through
tips, such as ‘gentle corrections can be made when needed’ or ‘admitting one’s own lack of
knowledge might set the tone for trainees to admit their limitations and engender a willing-
ness to ask questions’, Ramani, 2003 only vaguely hint towards the potential of learning from
mistakes in bedside teaching. Moreover, a notion is advanced about the clinical teachers’ main
responsibility to correct student mistakes. In our view, this notion is not in line with the con-
temporary insights of educational researchers about how (clinical) teachers can foster learning
from mistakes, e.g. through guiding students to recognise, understand and correct their mis-
takes themselves (e.g. Grassinger et al., 2018).

Overall, across the clinical domains, we observed an average of 10 student mistakes per
bedside teaching lesson. This means that in an average bedside encounter, a clinical teacher
gets about 10 opportunities to assist students in becoming aware of and learning from miscon-
ceptions in their clinical knowledge and skills. This result underscores the relevance of taking
learning from mistakes into account as an important yet rarely considered aspect of bedside
teaching. When using student mistakes as a starting point for learning, clinical teachers can
focus on the subject matter, which is relevant for their students simply because they get to
work with the limitations in the students’ knowledge and skills.

In the present study, close to one-third of all mistakes observed were reproduction-related,
followed by mistakes relating to the wrong application of skills (approximately 30%). Con-
sidering that bedside teaching is one of the most practical teaching methods in undergraduate
medical education, the proportion of application-related errors seems to be rather small. Nev-
ertheless, the results indicated two functions of bedside teaching that have, until now, not been
studied, i.e. to address the students’ misconceptions on the level of basic knowledge and its
application to patients and to improve examination skills by correcting deficits in the applica-
tion of these skills. Thus, clinical teachers should be more aware of bedside teaching offering
opportunities to help students in correcting their misconceptions both, on the levels of knowl-
edge and skills.

Domain effects

Regarding different types of mistakes and their frequencies in different clinical domains,
we found only slight disparities between the three medical disciplines.

One difference was observed in mistakes that occur when applying existing skills in
new situations. As shown in Table 1, the medical students made most of the mistakes in
neurology when applying skills (42.3%) (internal medicine and orthopaedics: 23.6% and
26.0%, respectively), possibly indicating that neurological teachers give great importance
to the application of skills and thus provide more possibilities for such exercises during the
lessons.

Another difference between disciplines was observed in the strongest trend towards
open rejection of student mistakes being apparent in neurology. Bedside teaching differs
slightly in the three disciplines, e.g. with a stronger focus on practising clinical skills in
neurology. Thus, we conclude that lecturers are more inclined to openly reject student mis-
takes on the level of practical clinical skills than on the level of knowledge. However, if
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Fig. 4 Stacked bar chart depicting the teachers’ feedback to the different types of student mistakes
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Fig.5 Stacked bar chart depicting the teachers’ levels of elaboration reacting to the different types of stu-
dent mistakes

we look more closely at teachers’ feedback to application mistakes (skills and knowledge)
across domains, we see a slightly higher rate of explicit rejection when teachers are react-
ing to application mistakes regarding knowledge rather than skills.

Theorisation and research on effective feedback confirm that open rejection is associ-
ated with negative emotional reactions of feedback recipients (Lefroy et al., 2015). Hence,
it seems worthwhile for medical educators to educate clinical (bedside) teachers about bet-
ter ways to react to student mistakes.
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Fig. 6 Stacked bar chart depicting the time allocation for the correction of the different types of mistakes

Furthermore, we observed that mistakes were made in the areas of analysis, evaluation
and creation (information retrieval mistakes: 5.4%). Outliers in information retrieval mis-
takes in orthopaedics (18.0%) were present. However, this may be explained by a rela-
tively low total number of mistakes observed in orthopaedics (50 versus 199 in internal
medicine). One possible reason for this surprisingly low total number of recorded mistakes
is that students in orthopaedic bedside teaching rounds often did not perform a clinical
examination on the patient because of the large number of post-operative patients in this
discipline. Another reason could be the larger average number of students and the higher
proportion of talks by the teacher, both of which lead to students only participating, if at
all, when they know the right answer to a question.

Teacher reactions to student mistakes

To which degree do clinical teachers manage to tap into the didactic potential associated
with student mistakes, i.e. to make these useful as starting points for learning processes
(Bauer, 2008; Edmondson, 1999). In this respect, our results were mixed. Instances of
teacher feedback on student mistakes more often had the character of explicit rejection as
compared to further inquiry (with an approximate 3:1 ratio). In many situations, clinical
teachers also allowed no time for correction of the mistake. These two results hint towards
teachers failing to give students opportunities, at first, to recognise that something they had
contributed was incorrect and, second, to reflect upon and correct their answer (Mindnich
et al., 2008). Existing research confirms that the more individuals see error situations as
starting points for learning, the more likely they are to engage in learning activities, such as
communication about the error (Bauer, 2008). We argue that by not reacting with explicit
rejection, bedside teachers can act as role models for students in that they treat their mis-
takes not just as unfortunate instances that need correction but as natural and valuable ele-
ments of learning processes. When discussing mistakes that occur in bedside teaching, it
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is important to keep in mind that not only students and teachers are involved, but mistakes
can also occur in the presence of the patient. These mistakes not only hold the potential for
students to embarrass themselves in front of a patient, but can also affect the doctor—patient
relationship (Williams et al., 2008). It is likely that doctors are aware of this situation and
adjust their response in front of the patient. Further research on how patients perceive mis-
takes in bedside teaching and on how teachers react to changes in the presence and absence
of patients is needed.

Finally, we investigated to which degree clinical teachers adapt their reactions to dif-
ferent types of student mistakes. In this respect, we found only weak evidence for adap-
tive teacher behaviours. We argue that with different degrees of complexity of cognitive
processes underlying mistakes (cf. previous section), it could be didactically reasonable
for clinical teachers to adapt their reactions to student mistakes, e.g. to allow for further
inquiry regarding the mistake, to initiate discussion regarding the underlying assumptions
(category: level of elaboration) and to give students time for correction of the mistake.

This confirms our point that medical educators should strive to improve how they han-
dle student mistakes in interactive forms of medical education. However, the learning effect
of mistakes is hard to measure. Further experiments/studies with more complex designs
would be needed.

Limitations

Some of our analyses and results focus on differences between three medical disciplines.
However, these can only be regarded as explorative, as for such analyses, our sample was
too small. Because of the very limited number of studies on bedside teaching and the
resulting lack of (notably international) possibilities of comparison, the promising results
of our study should be validated via further video studies on bedside teaching.

Also, we could reject the hypothesis that our camera would potentially disturb clinical
teachers and students: We found that the students did not evaluate the seminars in which
our camera was present as significantly different from the other seminars (p=0.572). With
an average of 1.7 points on the Likert scale (1-6), the lecturers’ assessment was between
‘I=not at all’ and ‘2=slightly’ (Vagias, 2006) as to how much influence the camera had
on the course of the seminar. Interestingly, the lecturers evaluated the influence on the
behaviour of the students with 2.0 (‘slightly’) on average, thus indicating a greater influ-
ence on their behaviour than on the course of the seminar. These findings reflect the assess-
ments of other studies in medical education (Groener et al., 2015).

Conclusions

Our results provide an insight into mistake-related student—teacher interactions during bed-
side teaching sessions. Hence, we argue that they contribute some insights for advancing
clinical teaching—as well as for the professional development of clinical teachers. Some
suggestions for physicians during bedside teaching can be deducted from our findings:
When seeking to further tap into the learning potential of student mistakes, teachers should
adapt their reactions to the individual mistakes. Depending on the type of mistake, they
should purposefully vary the quality of feedback they give, the level of elaboration and
the time they allow for the correction of the mistake. At the risk of stating the obvious, we
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would like to emphasise that this learning potential can only be tapped by the teacher if
they are present at the bedside.
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