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ABSTRACT
Background: Evaluation is an integral part of curriculum development in medical education. Given the peculiarities of
bedside teaching, specific evaluation tools for this instructional format are needed. Development of these tools should be
informed by appropriate frameworks. The purpose of this study was to develop a specific evaluation tool for bedside teach-
ing based on the Stanford Faculty Development Program’s clinical teaching framework.
Methods: Based on a literature review yielding 47 evaluation items, an 18-item questionnaire was compiled and subse-
quently completed by undergraduate medical students at two German universities. Reliability and validity were assessed in
an exploratory full information item factor analysis (study one) and a confirmatory factor analysis as well as a measurement
invariance analysis (study two).
Results: The exploratory analysis involving 824 students revealed a three-factor structure. Reliability estimates of the sub-
scales were satisfactory (a¼ 0.71–0.84). The model yielded satisfactory fit indices in the confirmatory factor analysis involving
1043 students.
Discussion: The new questionnaire is short and yet based on a widely-used framework for clinical teaching. The analyses
presented here indicate good reliability and validity of the instrument. Future research needs to investigate whether feed-
back generated from this tool helps to improve teaching quality and student learning outcome.

Introduction

Several evaluation tools have been developed to assess
clinical teacher’s performance. Evaluations provide positive
and negative feedback to teachers helping them to
improve their instructional skills (Snell et al. 2000; Copeland
& Hewson 2000). However, teaching in a clinical environ-
ment, such as bedside teaching (BST), differs from formal
educational settings and therefore necessitates the devel-
opment of specific instruments to evaluate teaching quality
in this setting, focusing on specific and relevant teaching
behaviors (Ramani & Leinster 2008).

BST has been defined as, “a part of clinical rounds where
both student and instructor attends the patient’s bedside
to discuss the case and/or demonstrate a clinical
procedure” (Wojtczak 2002). Traditionally, BST is considered
an ideal instructional format for providing students with
the opportunity to receive supervised instruction and
experience in physical examination, physician-patient com-
munication, clinical reasoning and procedural skills (Nair
et al. 1998; Janicik & Fletcher 2003; Williams et al. 2008).
Since BST involves teaching in the presence of patients, it
may also convey aspects of humanistic patient care
(Weissmann et al. 2006) which helps students to integrate
theory and clinical practice. Findings from focus group
studies are indicating that teachers and learners regard the
bedside interaction as a valuable venue to learn humanistic
clinical skills and professionalism (Ramani et al. 2003;

Williams et al. 2008; Ramani & Orlander 2013). Role model-
ing of humanistic patient care, respect and autonomy, dir-
ect observation and feedback of learners at the bedside,
and interactions with challenging patients are important
areas emphasized by learners and educators alike (Ramani
& Orlander 2013).

Due to demands from patient care and patient comfort,
clinical teachers’ training in teaching skills is usually scant,
which in turn can diminish the quality of clinical education
(Spencer 2003). Considering the major impact teaching
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oped and tested.
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quality has on the student’s learning process in clinical
practice, the measurement of teaching effectiveness can
provide valuable feedback to encourage clinical instructors
to improve their teaching. In order to produce meaningful
results that will identify teachers’ individual strengths and
weaknesses, evaluation tools need to be valid and reliable.

A number of tools are available for the evaluation of
clinical teaching (Stalmeijer et al. 2010) and outpatient
teaching (Zuberi et al. 2007). However, only a few compre-
hensively cover all relevant aspects of clinical teaching
(Fluit et al. 2010). In order to fit the purpose, the develop-
ment of an evaluation tool for any specific instructional for-
mat should be informed by theory or an appropriate
framework. One such framework for teaching has been
described in the Stanford Faculty Development Program
which is based on educational and psychological theories
of learning and empirical observations of clinical teaching.
The framework encompasses clinical teaching behaviors
that can fit under seven categories (Skeff 1988): (1) estab-
lishing a positive learning climate, (2) control of the teach-
ing session, (3) goal communication, (4) promoting
understanding and retention, (5) assessment of the learner,
(6) feedback, and (7) promoting self-directed learning.
Based on these categories, a reliable teacher evaluation
form was developed (Litzelman et al. 1998), and recently a
German 26-item version of this instrument labeled
“SFDP26” has been validated (Iblher et al. 2011). The prac-
ticability of addressing teaching quality using the underly-
ing framework was first examined by the validation study
of Morrison et al. (2002) who have adapted the SFDP26
rating scale to the evaluation of teachers’ performance in
an OSTE (objective structured teaching examination).
Despite its merits and its wide use in medical education,
applicability of the SFDP26 to BST is limited by the fact
that the core features of clinical teaching involving patients
are not addressed in this questionnaire.

Psychometric analysis of evaluation instruments in the
medical education literature is often limited to the assess-
ment of internal consistency and reliability (Fluit et al. 2010;
Young et al. 2013). However, these analyses rarely allow
conclusions to be drawn regarding the transferability of an
instrument to other institutions. Recent advances in psy-
chometrics may help to fill this gap. One of these new con-
cepts is called “measurement invariance (MI)” (Meredith
1993; Vandenberg 2002). A questionnaire for which MI has
been established can be transferred to settings other than
the one it was first tested in because the setting (including
the individuals completing the questionnaire) does not con-
found the data. In other words: Once measurement invari-
ance has been demonstrated, a questionnaire may be used
in different groups, and since the construct assessed is the
same, differences in results will not reflect differences in
participant samples but true differences in the parameters
targeted by the questionnaire.

Student ratings of instructor effectiveness in clinical
practice can have a major impact on a teacher’s career
(McKeachie 1979). Therefore, it is imperative that the meas-
urement of teaching effectiveness provides meaningful
results that will identify teachers’ individual strengths and
weaknesses. Despite the great influence student evaluation
has on the promotion and tenure decisions of teachers
(Miller 1987), there have been mixed results concerning the
validity of evaluation tools (Cook 1989). One of the factors

that can affect the validity of student ratings are ceiling/
floor effects. Ceiling effects occur when the scales do not
produce meaningful variability at the upper end of the pos-
sible scores such that instructors obtain either maximum or
near-maximum scores and the true extent of their abilities
cannot be determined. Ceiling and floor effects usually
appear when scales do not differentiate enough between
the different anchors (Keeley et al. 2013). Although the
manifestation of these effects was identified, the examin-
ation of these psychometric issues has received less atten-
tion in the development of questionnaires (Keeley et al.
2013).

Given that the SFDP26 questionnaire does not cover all
aspects of clinical teaching, the primary purpose of this
study was to assess the psychometrical properties of a new
short and comprehensive German-language questionnaire
for the evaluation of BST. Psychometric analyses also
included an approach investigating MI. Specifically, we con-
ducted two separate studies: First, we used data obtained
from undergraduate medical students for an exploratory
analysis (study one: descriptive analysis, internal consist-
ency, and split-half reliability). Validity was assessed in a
subsequent study (study two: confirmatory factor analysis
and measurement invariance analysis).

Methods

Development of the initial questionnaire

An interdisciplinary working group consisting of physicians,
psychologists, a sociologist, and an educational scientist
reviewed questionnaires for applicability to bedside
teaching, relevance with respect to teacher evaluation, com-
prehensibility, and psychometric quality. The following
instruments relevant to higher education were selected:
SFDP26 (“Stanford Faculty Development Program”,
Litzelman et al. 1998), SEEQ (“Students Evaluations of
Educational Quality”, Marsh 1982), SIR II (“Student
Instructional Report”, Centra & Gaubatz 2005), FESEM
(“Fragebogen zur Lehrveranstaltungsevaluation von
Seminaren”, Staufenbiel 2000), TRIL (“Trierer Inventar zur
Lehrveranstaltungsevaluation”, Gollwitzer & Schlotz 2003).
The following questionnaires relevant to clinical teaching
were reviewed: MTEF-28 (“Mayo Teaching Evaluation Form”,
Beckman et al. 2003), UCEEM (“Undergraduate Clinical
Education Environment Measure”, Strand et al. 2013), SETOC
(“Student Evaluation of Teaching in Outpatient Clinics,
Zuberi et al. 2007) and MedSEQ (“The UNSW Medicine
Student Experience Questionnaire”, Boyle et al. 2009). Based
on the review of the existing instruments, an initial pool of
47 items was drawn and translated into German if necessary.
Items were mapped on the seven Stanford criteria where
possible.

After eliminating redundant and irrelevant items, and
rewording of ambiguous items, 30 items remained for pilot
testing. In summer 2014, the preliminary version of the
instrument was completed by 91 students attending
courses in clinical practice which were organized by differ-
ent departments of G€ottingen and Hamburg medical
school. All items were rated on a five-point Likert scale
(“strongly disagree”, “disagree”, “neither agree nor dis-
agree”, “agree” and “strongly agree”). One open-ended
question was included, asking the students for missing
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topics/questions and to provide additional comments con-
cerning the teaching sessions. Following classical and mod-
ern test theory methods an interim version of the
questionnaire with 18 items was constructed and validated
in two consecutive validation studies.

Study one: Exploratory analysis

In winter term 2014/15, the 18-item questionnaire was
completed by students in G€ottingen and Hamburg, and an
exploratory factor analysis was performed on the data.
Students as well as module coordinators and clinical teach-
ers were informed about the study via email. At G€ottingen
medical school, students assigned to a set of four 90-
minute BST sessions in adult and pediatric cardiology (for
more detail see Raupach et al. 2009) were asked to rate
their individual tutor during the final ten minutes of the
last session. At Hamburg medical school, students enrolled
in two different modules covering the disciplines clinical
pathology, cardiology, trauma surgery, pulmonology and
oncology, endocrinology and nephrology, and psycho-
somatic medicine were allocated to groups of three to six
that were each supervised by an individual clinical teacher
who guided them through at least one 45- to 120-minute
BST session. During sessions, students first received a short
introduction by the teacher, followed by medical history
taking and physical examination of one or several patients
(depending on session time) by students under supervision
of the teacher. Afterwards, case history and examination
findings were presented to the teacher (who provided
feedback to the students), and discussed. Students were
asked to complete evaluation forms during the final
10minutes of the last session.

Hot deck imputation (Andridge & Little 2010) was
performed for missing values since it imputes realistic val-
ues in spite of the limited covariate information included in
our datasets (see Table 1 for the number of imputed values
per item). Data were used to investigate the questionnaire’s
psychometric properties (a) on the item level and (b) on
the scale level, with respect to internal consistency, split-
half reliability and factor structure.

a. Item level. For all items mean, standard deviation,
skewness and floor/ceiling effects were investigated.

b. Scale level. Internal consistency of the scales was
assessed using Cronbach’s alpha (target value> 0.7)
and corrected item-total correlations (CITCs; target
value> 0.3). Split-half reliability was calculated using
the Guttman split-half reliability coefficient (target
value> 0.6) (B€uhner 2006). The dimensionality of the
questionnaire was assessed using full information fac-
tor analysis (IFA) that has been derived from multidi-
mensional item response theory (Bock et al. 1988). In
contrast to traditional approaches to factor analysis
that mainly focus on inter-item correlations, IFA con-
siders the discrete nature of polytomous items and
exploits the information contained in the distinct item
response vectors of the data set (Bock et al. 1988). In
addition, IFA methods model the (conditional) prob-
ability of response, and thus they are appropriate for
the analysis of items showing large ceiling effects

and/or departing from the assumption of normal item
distribution made in traditional factor analysis.
Exploratory factor analyses started by assessing the
appropriateness of the Likert items with five catego-
ries. In order to overcome ceiling and floor effects and
to improve the fit of the IFA models, the original five-
point rating scale was modified to a three-point scale.
The original items were re-coded as 1 (strongly dis-
agree, disagree, neither agree nor disagree), 2 (agree),
3 (strongly agree). These modified Likert items with
three categories were re-analysed in a new IFA model.
Following Guadagnoli and Velicer (1988), factor load-
ings greater than 0.4 were considered adequate given
the sample sizes in study one and two (824 and 1043,
respectively).

At the end of term, students who completed the ques-
tionnaire were invited to participate in focus group discus-
sions in October and November 2014. During discussions,
questionnaire items were examined for clarity, comprehen-
sibility, relevance and consistency by a total of 19 under-
graduate medical students. Following the rewording of
three items, the final 18-item questionnaire was further
assessed in study two.

Study two: Confirmatory and invariance analyses

Data obtained from students at both medical schools
between winter 2014/15 and winter 2015/16 were used for
a confirmatory factor analysis (CFA) that was based on the
most appropriate factor structure according to the results
of study one. The CFA was performed on both, the modi-
fied items with three categories (Model 1) and the original
Likert items with five categories (Model 2). Model fit was
assessed by robust estimates of the Chi-squared test (v2),
comparative fit index (CFI), the Tucker-Lewis index (TLI),
and the root mean square error of approximation (RMSEA).
Following the combinatorial rules of Hu and Bentler (1999)
the model fit is satisfactory if the model simultaneously sat-
isfies the following cutoff points: CFI and TLI> 0.95, and
RMSEA< 0.06.

Measurement Invariance (MI) analyses were performed
to investigate invariance across two medical schools and
gender. The combination of both datasets of Study I and
II was used for this purpose. MI was examined by compar-
ing and testing four CFA models (Model A to Model D)
across medical schools and across gender separately:
Model A tested for configural (or pattern) invariance requir-
ing that the pattern of factor loadings is identical in each
group, Model B tested for loadings (or metric) invariance
requiring that the factor loadings of each variable on
each factor are identical across groups, Model C tested for
intercepts (or scalar) invariance demanding that the inter-
cepts of the regression equations of the observed varia-
bles on the factors are equal across groups, and finally,
Model D tested for factor means invariance requiring that
the latent factor means are the same across groups
(Schmitt & Kuljanin 1988). Each invariance type is tested
by means of a log-likelihood ratio test (LRT). The null
hypothesis of each invariance type assumes that the
instrument is invariant across groups, i.e. across medical
schools and gender, respectively.
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Results

Study one: Exploratory analyses

Of the 824 participating students in study one (response
rate 99.9%), 397 (41.8%) were male, 408 (49.5%) were
female, and 8.7% did not indicate their sex. A total of 88
teachers were assessed. The properties of the 18 items are
shown in Table 1. Rating means ranged between 3.78
(±1.35) and 4.85 (±0.46). All items were negatively skewed.
Reliability analysis indicated that all items had CITCs of
greater than 0.45.

Results of the exploratory factor analysis are shown in
Table 2. It was observed that for 15 items the response cat-
egories were disordered, i.e. the probability of endorsing a
higher category does not agree with higher scores on the
latent construct level (curve overlapping). These results
reflected the substantial ceiling effects observed in the
original items. In order to improve the discriminative prop-
erties of the items, the original three least favorable scale
options (strongly disagree, disagree, neither agree nor dis-
agree) were collapsed into one option while the options
“agree” and “strongly agree” remained unchanged.
These modified Likert items with three categories were
re-analysed in a new IFA model and a single factor was
extracted. The corresponding item characteristic curves of
the modified items showed a much better fit to the data
than the original items with five categories, since there was
practically no curve overlapping between adjacent catego-
ries except for the highly skewed items “Opportunity to
conduct a physical examination”, “Goal communication”
and “Supervising students” practical skills”. Nonetheless,
these items were retained and their adequacy was tested
in the subsequent CFA and measurement invariance analy-
ses in order to retain as many items as possible from the
complete questionnaire.

Using the modified, three-option Likert items, a three-
factor solution showed the best fit in ANOVA tests and
scree plots of the parallel analysis considered. Loadings of
the three-factor solution indicated that items in the three
scales had a moderate (> 0.4) to good (> 0.6) fit. According
to their content, the three factors extracted were identified
as “Learning climate” (Factor 1), “Clinical teaching” (Factor
2) and “Preparation” (Factor 3).

Five of the 18 items retained in the analysis loaded on
the first factor, with items reflecting the degree to which
the teaching interaction is characterized by the learners’
comfort, and thus the first factor was labeled “Learning
climate”. At the same time, items such as “Teacher behaves
respectfully towards students”, “Feedback on students’ con-
tributions” and “comprehensibility” describe briefly and
clearly three of the seven categories of SFDP framework
(“Establishing the learning environment”, “Feedback”,
“Facilitating understanding and retention”).

The second factor to emerge from this analysis refers to
the teaching methods used to enhance the learners’ ability
to practice physical examination, communication and pro-
cedural skills in patient care. It represents an essential
element of clinical teaching involving patients, but was not
explicitly included in the SFDP model. Thus, the second fac-
tor comprising items such as “Adequate opportunity to
practice a physical examination” and “Supervision of prac-
tical skills regarding physical examination” was labeledTa
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“Clinical teaching skills”. Eight of the 18 items retained in
the analysis loaded on this factor. Among the dimensions
of teaching effectiveness considered in the SFDP frame-
work, the subscales “Evaluation” and “Promoting self-
directed learning” are represented by this second factor.

The third factor reflected students’ perceptions of the
teacher’s ability to manage and focus the teaching
encounter, the teaching methods used to enhance the
learners’ comprehension and finally to the teacher’s
clearly communicating learning goals. Thus, this factor
covers three of the seven SFDP categories of good clin-
ical teaching (“Control of session”, “Communication of
goals”, “Facilitating understanding and retention”). Items
loading on this dimension included “Teaching pitched to
the student level”, “Session is well-structured” and
“Adequate balance between didactic teaching and stu-
dent participation”. Given that the common theme run-
ning throughout the items on the third factor more
generally reflected the structural nature of the teaching

session, this dimension was labeled “preparation”. Five of
the 18 items loaded on this factor.

Cronbach�s a of the three factors were 0.71
(Factor 1), 0.84 (Factor 2) and 0.79 (Factor 3), respectively.
Guttman split-half coefficients ranged from 0.73 to
0.81 indicating that all scales showed good split-half
reliability.

Study two: Confirmatory and invariance analyses

Of the 1043 students enrolled in study two (response rate
99.3%), 373 (35.5%) were male, 610 (58,1%) were female,
and 6.4% did not indicate their sex. A total of 78 teachers
were evaluated. Item and scale characteristics of the final
questionnaire are displayed in Table 3. Item means ranged
from 4.19 (±1.10) to 4.88 (±0.40) and nearly all of the items
showed a negative skew (strong ceiling effects). Almost all
items showed a CITC greater than 0.44. One item (”teacher
is on time“) had a CITC of 0.31.

Table 2. Factor solution for the modified Likert items with three categories (Study I).

Item Factor 1 Factor 2 Factor 3

1. Learning climate
Rapport between teacher and students �0.906
Questions are adequately answered �0.829
Teacher is on time �0.710
Comprehensibility �0.677
Feedback on student contributions �0.554

2. Clinical teaching
Explaining results of the physical examination �0.916
Training of clinical methods of examination �0.888
Use of realistic examples �0.757
Supervising students’ practical skills in physical examination �0.727
Opportunities for students to conduct a physical examination of patients �0.587
Goal communication �0.559
Opportunities for students to put theoretical knowledge into practice �0.503
Enhancing student interest in subject matter �0.430

3. Preparation
Pitching of teaching to the student level �0.923
Amount/Workload �0.899
Session structure �0.691
Balance between didactic teaching and student activity �0.579
Consistency of the learning goals �0.536

Notes: Oblimin rotation (only factor loadings� 0.4 are reported); items are ordered according to highest loadings on
components.

Table 3. Item descriptives and scale reliability analysis of Study II (N¼ 1043).

Item Mean SD Skewness Kurtosis # Imputed Ceiling Floor CITC
a if item
removed

1. Learning climate
Rapport between teacher and students 4.88 0.40 �4.82 31.89 6 90.4 0.3 0.55 0.64
Questions are adequately answered 4.86 0.44 �4.21 22.73 7 88.9 0.2 0.60 0.62
Teacher is on time 4.74 0.66 �2.99 9.70 14 82.9 0.6 0.31 0.73
Comprehensibility 4.83 0.44 �3.01 11.90 12 84.8 0.1 0.53 0.64
Feedback on student contributions 4.60 0.72 �2.14 5.35 13 10.8 0.9 0.49 0.67

2. Clinical teaching
Explaining results of the physical examination 4.45 0.89 �1.96 4.02 53 62.7 2.2 0.63 0.82
Training of clinical methods of examination 4.21 1.05 �1.35 1.23 38 53.3 3.3 0.68 0.81
Use of realistic examples 4.49 0.81 �1.95 4.40 30 63.0 1.5 0.61 0.82
Supervising students’ practical skills in physical examination 4.20 1.07 �1.26 0.80 40 54.0 2.8 0.61 0.82
Students opportunity to conduct a physical examination of patients 4.47 0.93 �2.09 4.26 30 66.5 2.7 0.50 0.83
Goal communication 4.19 1.10 �1.33 0.98 25 54.3 3.8 0.44 0.84
Students opportunity to put theoretical knowledge into practice 4.49 0.68 �1.35 2.26 15 57.5 0.3 0.62 0.82
Enhancing student interest in subject matter 4.48 0.73 �1.55 2.85 12 59.5 0.5 0.52 0.83

3. Preparation
Pitching of teaching to the student level 4.50 0.65 �1.23 1.74 8 58.1 0.2 0.56 0.75
Amount/Workload 4.57 0.67 �1.62 3.01 6 65.0 0.3 0.64 0.72
Session structure 4.50 0.74 �1.46 1.69 15 63.2 0.1 0.59 0.74
Balance between didactic teaching and student activity 4.69 0.60 �2.29 6.16 7 75.3 0.2 0.51 0.76
Consistency of the learning goals 4.37 0.87 �1.67 3.20 52 55.6 1.7 0.53 0.76

Notes: Guttman split-half coefficients of the three factors were 0.73, 0.81, and 0.71, respectively. SD: standard deviation; CITC: corrected item-total correl-
ation; Floor> 20% of ratings are located at the lower end of the response scale; Ceiling> 20% are located at the higher end of the response scale.
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The model fit indices of the CFA are reported in Table 4.
Fit statistics indicated a reasonable fit with the model con-
sisting of the modified items with three categories
(TLI¼ 0.941, CFI¼ 0.950, RMSEA¼ 0.068, v2¼ 760.49,
p[v2]< 0.001).

Measurement invariance analysis

Results of the measurement invariance analysis are
reported in Table 5. The invariance was tested for site and
gender, respectively. The factor structure supported by the
CFA was identical at both medical schools. The likelihood-
ratio tests (LRT) comparing the configural model as baseline
model to the assumed measurement invariance types were
not significant and, thus, there are no signs of measure-
ment bias between medical schools.

The results of the measurement invariance analyses
regarding gender yielded robust indices for all measure-
ment invariance models. LRT statistics supported the
assumption of measurement invariance by gender.

Discussion

The purpose of our study was to develop and validate a
novel instrument for the assessment of clinical teacher per-
formance. Given that other quantitative measures are avail-
able, we specifically aimed at designing a questionnaire
that (a) is based on a theoretical framework and (b) short
enough for routine use at medical schools. The instrument
described in this study was not only based on a sound
framework but is also shorter than most existing question-
naires (Beckman et al. 2003; Strand et al. 2013). A particular
strength of this tool is that quantitative measurement
methods as well as qualitative data of focus group discus-
sions across two different medical schools were used to
develop and empirically validate the instrument. The results
of qualitative interviews showed that the students consider
all items relevant and useful for providing feedback to clin-
ical teachers.

The results of the two consecutive studies indicated
acceptable psychometric properties of the new

questionnaire. EFA identified three factors consisting of 18
items and reflecting essential elements of bedside teaching:
“Learning climate” (Factor 1), “Clinical teaching” (Factor 2)
and “Preparation” (Factor 3). The internal consistency of
the three scales was good. CFA results showed that a
three-factor model comprising 18 items fits the data rea-
sonably well.

In order to be able to compare the results of evaluation
tools across different groups and different settings, meas-
urement invariance must be assessed. However, this has
not been done for many instruments presented in the lit-
erature. MI results of our study suggest that the new ques-
tionnaire is not affected by this type of measurement bias.
One of the main findings of this study is thus that the new
questionnaire can validly be used to compare different
medical schools, and student sex does not affect results.
Given the adequate measurement properties in terms of
the reliability, factorial validity, and measurement invariance
of the questionnaire, we conclude that our questionnaire
appears to be valid and reliable for the evaluation of clin-
ical teachers in a context of bedside teaching.

Practice implications

Given the favorable reliability and validity of the new ques-
tionnaire, it may well be used to inform promotion and
tenure decisions for faculty (Fluit et al. 2010). More import-
antly, it provides teachers with specific feedback on particu-
lar strengths and limitations of their teaching. While this
can also be achieved by narrative evaluations, the latter
may not be as reliable and valid (due to selection bias
regarding students who will provide such feedback) as
quantitative instruments. In addition, narrative face-to-face
student feedback for teachers may not always be com-
pletely honest given that teachers are often also involved
in end-of-course examinations. The questionnaire described
here is a central part of a triangular approach to evaluation
also including student learning outcome as an indicator of
teaching quality. The alignment between different instru-
ments measuring specific aspects of teaching is being
addressed in ongoing studies. The overall aim of using the

Table 4. Robust fit indices of the CFA models for the Likert items with three and five categories, respectively (Study II).

v2 p CFI TLI RMSEA RMSEA CI LOWER RMSEA CI UPPER

Model 1 760.49 <0.001 0.950 0.941 0.068 0.064 0.073
Model 2 758.34 <0.001 0.947 0.937 0.074 0.069 0.079

Note: CFA: confirmatory factor analysis; v2: chi-square statistic; p: probability value; CFI: comparative fit index; TLI: Tucker-Lewis
index; RMSEA: root mean square error of approximation; CI: confidence interval; Model 1¼ three factor model for the Likert
items with three categories; Model 2¼ three factor model for the Likert items with five categories; Items treated as ordinal
variables.

Table 5. Invariance analysis for the CFA models with three factors and Likert items with three categories by medical school locations and gender (Study II).

v2 df p CFI TLI RMSEA RMSEA CI LOWER RMSEA CI UPPER LRT

Invariance by medical school
Configural invariance 1393 260 <0.001 0.949 0.940 0.068 0.055 0.062 NA
Metric invariance 1279 275 <0.001 0.955 0.949 0.063 0.058 0.065 0.423
Scalar invariance 1512 290 <0.001 0.945 0.942 0.067 0.056 0.063 0.907
Factor mean difference 1504 293 <0.001 0.945 0.943 0.067 0.057 0.064 0.797

Invariance by gender
Configural invariance 1279 260 <0.001 0.952 0.944 0.066 0.063 0.07 NA
Metric invariance 1121 275 <0.001 0.961 0.956 0.059 0.055 0.062 0.827
Scalar invariance 1289 290 <0.001 0.953 0.951 0.062 0.059 0.066 0.992
Factor mean difference 1272 293 <0.001 0.954 0.952 0.061 0.058 0.065 0.937

Notes: CFA: confirmatory factor analysis; v2 ¼ chi-square statistic; df: degrees of freedom; p: probability value; CFI: comparative fit index; TLI: Tucker-Lewis
index; RMSEA: root mean square error of approximation; CI: confidence interval; LRT: likelihood-ratio test; NA: not available.
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new questionnaire in BST evaluations is to provide teachers
with specific and assessable feedback from representative
student groups in a time-efficient manner.

Study limitations

There are some limitations of our study. The measurement
is based on student ratings that may be influenced by cog-
nitive bias: Psychometric rating errors, especially halo and
leniency, have been reported to confound student ratings
(Cook 1989). The high skewness in our data imply that our
instrument may be less well suited to differentiate among
highly competent and less competent teachers. There is
consensus in the research literature that using alternative
scale formats as well as training raters is effective in reduc-
ing rater errors, thereby increasing reliability and validity of
an instrument (Ivancevich 1979).

Although the questionnaire described here focuses
on BST, not all of its items relate to this specific teaching
format. However, given the theoretical framework used
when designing the questionnaire, we aimed at integrating
“non-specific” teaching skills with aspects that are unique
to teaching at the bedside. This is also reflected in the fac-
tor structure: Factor 2 consists of 8 items mainly (but not
all uniquely) relevant to BST.

Finally, the lack of differentiation between competent
and less competent clinical teachers may be due to the
fact that in our sample only motivated ones participated as
participation was voluntary. As a consequence, selection
bias on the part of clinical teachers may have produced a
sample of high-achieving teachers which could partially
account for the strong ceiling effects observed. To assess
whether the new questionnaire is helpful to separate skilled
and less skilled teachers, more diverse teacher samples
need to be investigated.

Future research

This new questionnaire was designed for the evaluation of
individual teacher performance in bedside teaching. Future
research needs to investigate whether feedback generated
from this tool yields meaningful information about teaching
quality and student learning outcome. It might be assumed
that student learning outcome and student evaluation of
teacher performance might differ, in which case other deter-
minants of teaching quality need to be addressed as part of
an 360� approach to evaluation in medical education.

Conclusions

A new questionnaire for the evaluation of bedside teaching
yielded good psychometric properties. Invariance analysis
also indicated that data obtained with the questionnaire
are independent of the site of data collection and the sex
of students completing the questionnaire. A particular
strength of the new instrument is that it contains a small
number of items and dimensions covering all relevant
aspects of teaching in clinical settings.
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